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CD169, also known as Siglec1 or Sialoadhesin (Sn), is a surface adhesion

molecule on human myeloid cells. Being part of the Siglec family, it acts

as a receptor for sialylated molecular structures, which are found among

various pathogenic and non-pathogenic ligands. Recent data suggest that

CD169 may represent a promising new biomarker in acute respiratory and

non-respiratory viral infections, such as SARS-CoV-2, Respiratory syncytial

virus (RSV) and Human immunodeficiency virus (HIV). Therein lies a great

potential to sufficiently differentiate viral from bacterial infection, which has

been an incessant challenge in the clinical management of infectious disease.

CD169 equips myeloid cells with functions, reaching far beyond pathogen

elimination. In fact, CD169 seems to crosslink innate and adaptive immunity

by antigen presentation and consecutive pathogen elimination, embodying a

substantial pillar of immunoregulation. Yet, our knowledge about the kinetics,

mechanisms of induction, signaling pathways and its precise role in host-

pathogen interaction remains largely obscure. In this review, we describe the

role of CD169 as a potentially novel diagnostic biomarker for respiratory viral

infection by evaluating its strengths and weaknesses and considering host

factors that are involved in pathogenesis of virus infection. Finally, this brief

review aims to point out shortcomings of available evidence, thus, guiding

future work revolving the topic.
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Introduction

The correct diagnosis of different infectious diseases
in an outpatient or emergency department setting, where
rapid decision making and triage are essential for disease
management, is constantly being a challenge. Established
biomarkers, such as C-reactive protein (CRP), procalcitonin
(PCT), erythrocyte sedimentation rate (ESR), and white blood
cell counts (WBC) do not provide the needed specificity
to precisely differentiate and, thus, diagnose the causative
microorganism; oftentimes, these biomarkers are associated
with numerous other conditions, such as comorbidities,
age, medication, etc. (1), and therefore they show a wide
variance of their diagnostic performance (2). Researching new
reliable biomarkers in the field of infectious disease would
significantly improve the concept of individualized medicine.
Differentiating early and accurately viral and bacterial infections
will have the great benefit of reducing mortality and morbidity
as well as the spread of multi-resistant pathogens due to
inappropriate antibiotic use.

CD169 (Siglec1; Sialoadhesin) is featured in several
infectious and inflammatory conditions, including autoimmune
disease (3, 4) and organ transplant rejection (5). Both protective
and pathogenic roles have been attributed to this receptor in
several viral infections, e.g., involving HIV, pathogenic murine
retrovirus, Zika virus, Dengue virus, and porcine reproductive
and respiratory syndrome virus (PRRSV) (6–12). Recent data
show that CD169 may be a potential biomarker in respiratory
viral diseases, caused by SARS-CoV-2, RSV and Influenza A
virus (13–22). This review aims to focus on CD169 and its
diagnostic performance in acute viral infection. Potentially
involved host factors, that are driving CD169 expression, will be
also elaborated.

Molecular characteristics and potential
contributions in immunoregulation

CD169 is an inducible and continuously expressed cell
surface molecule on mononuclear phagocyte immune cells
[macrophages (Mφ), monocytes (Mo), dendritic cells (DC)],
occurring among mammalian species (23, 24), which binds
to sialylated ligands [preferentially α (2, 3)-linked sialic
acid glycoconjugates] on endogenous and foreign pathogenic
membrane surfaces (25, 26). Its level of expression varies among
cell subpopulations, depending on the tissue and the niche.
(27, 28) CD169+ macrophage subpopulations are strategically
situated within the secondary lymphoid organs of lymphnodes
[subcapsular sinus macrophages (SSMs) and medullary sinus
macrophages (MSMs)] and spleen [marginal metallophilic
macrophages (MMMs)]. There, they reside near B- and T-cell
populations, serving immunosurveillance. Furthermore, they

are distributed extensively among tissue resident macrophage
subpopulation (e.g., lung, gut, skin, liver) (29–31) CD169 is
characterized by 17-Ig-like domains (23, 32), allowing for
pathogen binding, mediating pathogen uptake and cell-cell
adhesion between different immune cells. The cytoplasmic
residue of CD169, however, is rather short and poorly conserved
in length and sequence, which leads to the conclusion, that
the predominant function of the receptor is primarily cellular
interaction, rather than signaling (23, 24, 33) (Supplementary
Figure 1).

The roles and functions in immunoregulatory processes
seem to be manifold, including pathogen recognition (28),
pathogen uptake (28, 34, 35) cross-presentation to CD8α+ DCs
(T cell priming) (25, 33, 36, 37), as well as B-cell and invariant
natural killer T-cell (iNKT) activation (33, 38).

It has been repeatedly demonstrated, that CD169 plays a
crucial role in cases of trans-infection in retrovirus invasion
(7, 9, 39–43). Thereby, viruses exposing sialylated gangliosides
in their outer surface composition are recognized and uptaken
by CD169-expressing myeloid cells and subsequently presented
to susceptible CD4+ T-cells at the cell-cell interface between
antigen presenting cell (APC) and T-cell (39). The ability to trans
infect has recently been described in the context of SARS-CoV-
2 infection as well, extending the results shown in retroviruses
(44, 45). In a similar way to what has been described in Ebola-
virus infection (46), Perez-Zsolt et al. reported the storage of
SARS-CoV-2 particles within virus containing compartments
(VCCs) on infected DCs, eventually resulting in trans-infection
of ACE2-and TMPRSS2-expressing cells via DCs (44, 47).
Treatment with monoclonal antibodies against the CD169
receptor demonstrated significant decrease of trans-infection
(40), which shows potential as a therapeutic target.

Pediatric studies are rather scarce. However, Jans et al.
investigated the in vitro monocytic CD169 expression levels
in infants and adults following RSV infection and found
comparable upregulation among patient groups. Their research
demonstrated, that CD169 induced through RSV infection led
to a decrease of interferon-γ (IFN-γ) release by adult CD4+
T-cells, whereas the infant group showed no reduction of IFN-
γ, possibly due to the lack of differentiated CD4+ memory
T-cells in newborn and infants. Also, lower CD43 expression
on naïve T-cells were seen in the pediatric group in comparison
to adult T-cell expression (22). CD43 has been proposed as
the main counter receptor for CD169 on T-cells and is highly
represented on adult memory T-cells (22, 48). Therefore, low
CD43 on infants’ naïve T-cells is presumably accountable for the
lack of inhibitory IFN-γ signaling by CD169 induction (22). An
overview of potential immunoregulatory implications of CD169
is depicted in Figure 1.

Notably, CD169 is also involved in infection with certain
bacteria in diverse peripheral tissues, such as skin, brain,
and gut tissue. Encapsulated bacteria like Escheria coli,
Campylobacter jejuni, Neisseria meningitidis and group A
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FIGURE 1

Potential implications of CD169+myeloid cells on different cell subsets of innate and adaptive immunity. CD169+ expression is induced by type
I IFN signaling following viral penetration. Downstream IFN pathways are set in motion, promoting virus titer control and adaptive immune cell
priming and recruitment. Influencing factors of type I IFN induced CD169, that are contributing to the impairment of antiviral immunity need
further clarification. The displayed pathways likely differ between myeloid cell lines, as well as between adults and children, and are depicted in
one single figure, solely for illustrating purposes of the processes described in available literature. PAMP, pathogen associated molecular
patterns; LT-α/β, lymphotoxin α/β; IFN, interferon; DC, dendritic cell; VCC, virus containing compartment. The figure was created with
BioRender.com.

and B Streptococcus (GAS, GBS) have evolutionary evolved
remarkable escape strategies by mimicking host polysaccharide
structures like GM1. These strategies dampen anti-bacterial
activities, e.g., by binding to inhibitory members of the
Siglec1-family (49, 50). CD169, in contrast, is lacking inhibitory
signaling motifs. CD169 is rather capable of recognizing
sialylated pathogens, such as GBS, mediating phagocytosis
and promoting bactericidal activities (50). In the autoimmune
disease Guillain-Barré – Syndrome, Campylobacter jejuni
expresses lipooligosaccharides structures on its surface, that are
structurally similar to gangliosides in humans, allegedly causing
auto reactive antibodies via CD169-Sia interactions (26). On
the other hand, very recent evidence showed, that treatment
with Staphylococcus aureus on CD169-deficient mice indicated
impaired local immune response and adaptive immune cell
recruitment of IL-17 producing γδ T-cells in the dermis (51).
Additionally, an increase in bacterial burden was observed and
the authors proposed a local type I IFN signaling pathway
driving CD169 expression, but the source of type I IFN could not

be elucidated (51). Lastly, results from knockout experiments
on CD169 in Mycobacterium tuberculosis infection suggest that
the receptor is responsible for the retainment of extracellular
vesicles deriving from infected cells resulting in early antiviral
immune activation (52).

Summing up, CD169, expressed on myeloid cells comprises
fundamental implications on both innate and adaptive
immunity. The profound role in pathogen recognition via
sialylated gangliosides and consecutive virus containment
has become evident (27). Beyond that, direct and indirect
immunoregulatory influences on adaptive immune cell subsets
in an activating, priming, and recruiting fashion are observed.
Along with protective antiviral attributions, viral hijacking of
CD169+ DCs with subsequent trans-infection of susceptible
adaptive immune cells have extensively been investigated in
retrovirus infection and lately been shown in SARS-CoV-
2 infection. The role in enveloped virus transmission via
CD169 mediated trans-infection needs future investigation
and holds space for potential therapeutic targeting. Prompt
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CD169 upregulation on infant monocytes due to RSV infection
suggests an inborne mechanism following evolutionary
conserved pathogen recognition receptor (PRR) signaling.

Mechanisms of induction and cell
population maintenance

One of the main drivers of CD169 upregulation is through
mechanisms that lead to type I interferon (IFN-I) responses.
Especially IFN-α plays a major part in CD169 expression
(23). The typical involvement of type I interferons are
conditions of proinflammatory, immunoregulatory and anti-
tumoral nature, which explains the increased expression of
myeloid CD169 in this context (53). Furthermore, the capability
of detecting and engulfing viruses is critically dependent on
the recognition of sialic acid, which has been demonstrated in
in vitro SARS-CoV-2 experiments, where mutation of CD169
led to impaired viral uptake. Monosialotetrahexosylganglioside
(GM1) could be identified as one of the gangliosides
interacting with CD169 in vitro (44). Although not shown
in respiratory viral infection, several studies, found the sialic
acid containing monosialodihexosylganglioside (GM3) to be
another physiological ligand of CD169 (54–57) In vivo analyses
revealed a direct and clear upregulation of the receptor upon
IFN-I (α/β/ω) stimulation within the physiological ranges
of viral infection (58). In addition, significant changes in
pSTAT1 and pSTAT2, pathways that are crucially involved in
antiviral activity, have been detected (58, 59). Of note, CD169+
macrophages have been found to be one of the main IFN-
1 producers upon virus infection, themselves, making a self-
enforcing process of IFN-mediated antiviral activity conceivable
(27). Supporting that, in vitro IFN-α exposure of monocyte-
derived macrophages (MDMs) and monocyte-derived dendritic
cells (MDDCs) seems to enhance the capacity to uptake SARS-
CoV-2 virus particles in contrast to non-stimulated APCs (44).

In mediating immunoregulatory functions, CD169+ cell
subpopulations are susceptible toward environmental changes.
To date, the evidence on milieu and cell maintenance
relationship is obscure. Knockout analyses were able to identify
some of the factors, that are creating an environmental
niche, which is affecting the differentiation and maintenance
of lymphoid tissue CD169+ macrophages: Receptor activator
of nuclear factor kappa-B ligand (RANKL), member of the
TNF superfamily is a key factor in controlling lymphnode
organogenesis and is primarily expressed by marginal reticular
cells, a stromal cell subset. RANKL deficiency in Cd169-cre
Rankfl/fl mice has resulted in quantitative decrease and impaired
differentiation in subcapsular sinus macrophages (SSMs) and
medullary sinus macrophages (MSMs) (60) Expanding on these
results, Camara et al. further revealed in a different work,
that deficiency in B-cell derived lymphotoxin α/β (LT α/β)
and LTβ receptor (LTβR) also led to decrease in numbers

of SSMs and MMMs and to exchange of lymphoid CD169+
macrophages (19, 60, 61) Additionally, Shinde et al. studied
the correlation between tumor necrosis factor (TNF), IFN-
I expression and CD169 expression in vesicular stomatitis
virus (VSV) infection and they demonstrated that, the ablation
of TNF receptor (TNF-R) and mucosa-associated lymphoid
tissue lymphoma translocation protein 1 (MALT1) led to
severe immunopathology (62). They concluded that TNF is
contributing to the maintenance of CD169+ cells, resulting in
early virus replication, thus promoting early antiviral immune
activation. Of note, it’s suggested, that the retainment of viral
antigen by CD169+ myeloid cells is enabling early antigen
presentation, which could be beneficial in amplifying the
adaptive immune response in early infection (62).

Host factors in pathogenesis

Given the assumption that CD169 is representing an
important immunoregulatory player in the early stages of
infection and disease progression, implications of loss-of-
function phenotypic variants have demonstrated the course of
infection in null individuals; Martinez-Picado et al. investigated
a large cohort of HIV-infected individuals comprising of two
homozygous and 97 heterozygous individuals expressing a
specific stop-codon variant (Glu88Ter) in the CD169 gene (40).
This gene is variously found among individuals of different
ethnicities (39, 40). Interestingly, no significant differences
in terms of virus acquisition, viral plasma load nor disease
progression could be seen, despite phenotypical differentially
expressed haploinsufficiency or protein absence (40). Yet, the
heterozygous subjects revealed lower virus capture abilities than
the control group and the results indicated that homozygous
loss-of-function variant cannot be compensated. Notably, the
identification of two infected null individuals indicate, that
functional CD169 is dispensable in terms of HIV acquisition
(40). Similarly, another work on PRRSV infection in CD169
knockout pigs showed no significant differences in severity
of interstitial pneumonia development or histopathology in
CD169 deficient compared to heterozygous and wild type
animals, despite the prove of productive PRRSV infection in the
piglets (11). However, the ablation of in vivo CD169+ alveolar
macrophage (AM) population in a transgenic CD-169-DTR
mouse strain boosted inflammation and respiratory dysfunction
in response to PR8 influenza virus infection, leading the authors
to conclude, that CD169+ AMs are thoroughly involved in
disease containment, especially early virus titer control, and
development of disease severity (27).

Based on the above findings from different animal
models and human data, genetic loss of function
alterations of CD169 in viral infection provides conflicting
results. Impaired virus control and disease aggravation
possibly depends on the virus strain, the species
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being infected, individual immune status and cell line
susceptibility. Future ex vivo and in vivo research
need to shed light on the precise impact of receptor
loss-of-function variants.

Regarding the CD169 expression upon IFN-α/β stimulation,
impaired or deficient IFN-1 signaling, (as shown in critically
ill COVID-19-patients), may also negatively influence the
expression of CD169, and, therefore, the viral control in early
stages of infection (16, 20, 63). The hypothesis of neutralizing
IgG autoantibodies against type I IFN has been tested in
SARS-CoV-2 infection and was proven to be a potential
underlying factor in the course of critical disease. In vivo
and in vitro studies, published by Bastard et al. demonstrate
the presence of neutralizing type I IFN autoantibodies in
about 10% of critically ill SARS-CoV-2 patients, that cause
decrease in pSTAT1 in the majority of (almost exclusively
male) patients (64). Thus, it would be interesting to see, if
similar results are reproducible among other viral infections,
how they correspond to CD169 expression levels and under
which conditions external acquisition of interferonopathy and
impairment of downstream CD169 expression is possible.
Nevertheless, a connection seems very plausible, since these
findings are in accordance with low CD169 levels in severe
SARS-CoV-2 infection, as described by Doehn et al. (20).
Moreover, Zhang et al. identified inborn type I IFN-associated
deficiencies resulting in severe illness in the context of SARS-
CoV-2 (64). Moreover, genetic interferonopathies of type I
IFN, have been associated with high levels of monocytic
CD169 in childhood autoimmune Aicardi Goutière syndrome
(AGS) and Singleton-Merten syndrome (SMS) and therefore
monocytic CD169 has been proposed as an effective screening
marker (65).

CD169: Clinical marker of viral
disease

Although, numerous aspects of the positive and negative
control mechanisms of CD169 expression in health and disease
still need further clarification, its momentous participation
in fundamental immunologic processes (such as surveillance,
recognition of self and foreign, antigen uptake, containment,
and presentation) has been demonstrated. Recently, multiple
studies have been testing the capacities of CD169 as a biomarker
in viral disease. Clinical trials, performed to date, mainly revolve
around SARS-CoV-2 infection (13–16, 19–21, 58). Very few
studies have indicated the role in infection by other respiratory
viruses, such as RSV, Influenza A virus or Rhinoviruses
(15, 22).

The ongoing clinical challenge is how to correctly
identify the underlying cause when infection is suspected.
The development of reliable host-based biomarkers is
necessary to bridge the diagnostic gap in ambiguous clinical

cases of infection. High sensitivity (negative test results;
“rule-out-approach”) values are needed to not miss any
patients with bacterial infection in need for antibiotics,
whereas a “rule-in-approach” (positive test results), thus
high specificity, is necessary in cases of viral infections
(14, 66).

CD169 as an early diagnostic marker in
SARS-CoV-2 infection

Since the onset of SARS-CoV-2 pandemic in 2019, a
series of both retrospective and prospective clinical studies,
investigating the diagnostic performance and discriminative
ability of (monocytic) CD169 as a host-based biomarker of acute
viral disease have been performed.

Monocytic CD169 (mCD169) expression levels reliably
detected viral infection and results [measured in mean
fluorescence intensity values (MFI) or monocyte/lymphocyte
ratio MFI (rMFI)] displayed high sensitivity (≥ 80%) and
specificity (≥ 91%) throughout (Table 1). Worth mentioning,
where data were available, mCD196 expression exceeded
the sensitivity and specificity of CRP (14, 16). Moreover,
CD169 and viral load (cycle threshold values and time to
positive PCR) were directly associated (15, 16, 21). The
comparison of mCD169 levels between patients with active
SARS-CoV-2 infection and virally suppressed HIV patients
under antiretroviral therapy, showed significant differences,
substantiating the role of CD169 as a marker of acute viral
infection (21). Bedin et al. researched the monocytic CD169
expression at the beginnings of the COVID-19 pandemic
(March/April 2020) and several valuable observations were
made (16): No association between the onset of symptoms
and mCD169 levels on hospital admission could be detected.
Interestingly, mCD169 levels were not connected to disease
severity or need for ICU treatment. Other observations
included positive correlations between mCD169 and IFN-
α levels, which both decreased over time of hospitalization.
Lastly, the retrospective analysis of anti-SARS-CoV-2-IgG
responses, were present in 7 SARS-CoV-2 positive subjects and
were accompanied by lower mCD169 expression, suggesting
that higher levels are seen before seroconversion (16).
These results are in accordance with published evidence by
Minutolo et al. who showed positive correlation between
the mCD169/lymphocyte ratio (RMFI) and the percentage of
marginal naïve B-cells (19). Recently, a study demonstrated
the longitudinal CD169 expression in COVID-19 infection,
and the results demonstrated higher levels of expression
in early stages and mild cases of SARS-CoV-2 infection,
in contrast to significantly decreased expression in critically
ill patients (20). In mild cases, CD169 expression peaked
within the first 3 days post symptom onset and showed
slow decrease to normal ranges within 3–4 weeks. In
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TABLE 1 Clinical trials indicating the diagnostic performance of monocytic CD169.

Study type Respiratory virus
strain

Variable Sensitivity % Specificity % AUC Threshold References

Observational prospective Influenza A
RSV

Rhinovirus

rMFI 95 100 0.98 5.34 (15)

Observational retrospective Parainfluenza MFI 85.71 100 0.97 1.58 (14)

n.a. SARS-CoV-2 rMFI 91.7 89.8 0.92 3.3 (21)

n.a. SARS-CoV-2 rMFI 97 80 0.95 3.51 (16)

n.a. SARS-CoV-2 rMFI 97 92 0.925 3.01 (19)

The above listed virus strains are referring to respiratory virus strains identified in the trials and are not comprehensive of the overall identified pathogens. rMFI, lymphocyte/monocyte
mean fluorescence intensity ratio; AUC, area under the curve; Ref, References; n.a., not available.

addition, as mentioned before, a strong correlation between
viral load and CD169 expression in mild cases was seen,
which interestingly, was not the case for severe disease (20).
Additionally, the assessment of the monocyte landscape by
t-distributed stochastic neighbor embedding analysis (t-SNE)
showed, that the monocyte subpopulation in mild cases
almost exclusively consisted of CD169+ clusters, which were
significantly increased in mild disease, decreased in severe
disease, and absent in healthy individuals (67). These findings
once again are indicative of a protective role of CD169 in viral
disease.

In contrast, increased CD169 expression in moderately
and severely diseased patients have also been described
in untreated patients presenting with severe interstitial
pneumonia and SARS-CoV-2 associated multisystem
inflammatory syndrome in children (MIS-C), suggesting
that CD169 may be a prognostic marker for oxygen need
and adverse outcomes (19, 36). Moreover, a significant
over-expression of monocytic CD169 has been seen in
patients admitted to the ICU due to severe SARS-CoV-2
infection (18).

Comparative immune profiling of patients presenting with
or without acute respiratory distress syndrome (ARDS) in
SARS-CoV-2 patients revealed a peculiar CD169 associated
immune signature, which was not seen in ARDS patients
negative for SARS-CoV-2. But no immune signature changes
could be seen within the SARS-CoV-2-infected patients (ARDS
vs. no ARDS) (68).

In summary, the clinical trials that have been conducted
so far, show promising results for the diagnostic potential
of CD169 as a screening tool for viral disease. However,
not only studies are still scarce but also the “normal”
values and limits of CD169 remain non-standardized.
Regarding its prognostic and monitoring properties, the
evidence is inconsistent. Prospective data should address
the host factors, involved in the balancing act of CD169
expression between immune competence and immune
deterioration, that are underlying asymptomatic/mild and
severe disease progression.

Lastly, another constraint should be addressed: As already
indicated, CD169 expression has been shown to be associated
not only with respiratory viral disease, but also other
(pathogenic) conditions of inflammatory or, infectious nature,
e.g., autoimmunity, cancer, organ transplant rejection, bacterial
infection, and various non-respiratory viral infections (3–5, 26,
40, 46, 50, 51, 53, 69). It may be assumed, that the diagnostic
value of CD169 in patients affected with one or several of the
above-mentioned pathologies is of limited significance.

Discussion

The existing evidence clearly indicates the valuable role
of CD169 in diverse immunoregulatory functions, particularly
in effecting early infection and viral control as well as
its impact on adaptive immunity. Being a downstream
molecule of type I IFN signaling, various interferonopathies
are likely to impair the expression of CD169, as has
already been depicted in the literature. Besides, a loss of
function variant affecting the CD169 molecule itself has
also been described.

The good diagnostic performance of CD169 as a biomarker
of acute viral disease so far, seems to be promising in both
viral epidemics where high sensitivity is needed (“rule-
out-approach”), and in non-epidemic scenarios where high
specificity is required (“rule-in approach”). Nonetheless,
clinical trials are still limited; moreover, establishing universal
laboratory standards and methodological groundwork is crucial
for the improvement of comparability of laboratory testing
and results among future studies (52). This encompasses
pre- and post-analytical issues, as well as prospectively
randomized design of clinical studies and patient recruitment
strategies. Most of the clinical trials to date, have been
conducted among SARS-CoV-2 patients, and only a very
small number of studies showed the significance of CD169
as a virus-induced surface marker in other respiratory viral
infections, like influenza A virus and RSV. However, large
studies focusing on different viral strains are needed to
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confirm these preliminary data. Furthermore, future study
protocols should take under consideration demographic
data including age, gender, ethnical background and
comorbidities. Current data regarding CD169 expression
in acutely infected patients, almost exclusively focuses on
adult patients. Indeed, studying the expression in vulnerable
patient groups, e.g., children, elderly, immunocompromised,
pregnant, etc., would be particularly interesting, as these
groups are commonly affected by severe viral infections,
and therefore are more frequently in need for medical care
or intervention. Besides viral infections, increased CD169
is seen in autoimmune conditions and anti-tumor immune
responses. Hence, the diagnostic performance of CD169 as
a biomarker of acute viral disease in these conditions needs
further evaluation. What is more, effects of antiviral and
anti-inflammatory properties on CD169 expression have
not been investigated in depth yet. Finally, more research
addressing the positive, but mainly the negative control
mechanisms are needed to give a better understanding
of origin and fate of these remarkable CD169 expressing
myeloid cell subsets.

Finally, it should be mentioned, that this Mini Review
has its limitations. Since the literature search has been
focused on the implications of CD169 in respiratory viral
disease, the connection between CD169 and HIV, respectively
autoimmune (e.g., SLE) and cancerous disease have largely
remained unconsidered. Moreover, especially with reference to
SARS-CoV-2, new evidence emerges constantly. This literature
search has been conducted with utmost care; within the
common limitations of unsystematic narrative reviews, it
aims to serve as a roundup on the available evidence on
the role of CD169 within the scope of respiratory viral
disease, while also directing future work in a field, that is
very much in motion.
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SUPPLEMENTARY FIGURE 1

(a) Domain organization of CD169: CD169 belongs to the Ig-like Siglec
superfamily, hence the designation Sialic acid-binding
immunoglobulin-type lectins. Siglecs are a group of cell surface
molecules, which can roughly be subdivided into highly conserved
Siglecs, including CD169, and CD33-related Siglecs (24, 70, 71). CD169,
being one of the largests representatives of its family, consists of 17
immunoglobulin domains, that are characteristically protruding in the
peripheral extracellular space. This feature distinguishes CD169 from
other members of the Siglec family. Consequently, trans-binding and
cell-cell interaction are the preliminary function of the molecule rather
than cis-interaction [O’Neill (72), Munday et al. (73)]. Additionally, CD169
has a short cytoplasmic tail. Based on current knowledge it lacks
inhibitory or activating signaling motifs. (b) N-terminal domain of
CD169: The sialic-acid binding domain is situated within a shallow
pouch of the V-set domain on the outer extracellular part of the
molecule. PDB ID: 1QFP; PDB DOI:
http://doi.org/10.2210/pdb1QFP/pdb [Deposition authors: May et al.
(74)]. (c) Simplified presentation of the representative CD169 ligand
GM1. GM1 has been identified as one ligand of CD169 in SARS-CoV-2,
binding via its single N-acetylneuraminic acid (NANA). Glc, D-Glucose;
Gal, D-Galactose; GalNac, D-acetyl-D-galactosamine (75). The figure
was created with BioRender.com.

Frontiers in Medicine 07 frontiersin.org

https://doi.org/10.3389/fmed.2022.979373
https://www.frontiersin.org/articles/10.3389/fmed.2022.979373/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2022.979373/full#supplementary-material
http://doi.org/10.2210/pdb1QFP/pdb
https://BioRender.com
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-979373 September 23, 2022 Time: 8:27 # 8

Herzog et al. 10.3389/fmed.2022.979373

References

1. Dewitt S, Chavez SA, Perkins J, Long B, Koyfman A. Evaluation of fever in the
emergency department. Am J Emerg Med. (2017) 35:1755–8. doi: 10.1016/j.ajem.
2017.08.030

2. Kapasi AJ, Dittrich S, González IJ, Rodwell TC. Host biomarkers for
distinguishing bacterial from non-bacterial causes of acute febrile illness: a
comprehensive review. PLoS One. (2016) 11:e0160278. doi: 10.1371/journal.pone.
0160278

3. Von Stuckrad SL, Klotsche J, Biesen R, Lieber M, Thumfart J, Meisel C, et al.
SIGLEC1 (CD169) is a sensitive biomarker for the deterioration of the clinical
course in childhood systemic lupus erythematosus. Lupus. (2020) 29:1914–25. doi:
10.1177/0961203320965699

4. Rose T, Szelinski F, Lisney A, Reiter K, Fleischer SJ, Burmester GR,
et al. SIGLEC1 is a biomarker of disease activity and indicates extraglandular
manifestation in primary Sjögren’s syndrome. RMD Open. (2016) 2:e000292. doi:
10.1136/rmdopen-2016-000292

5. Ashokkumar C, Gabriellan A, Ningappa M, Mazariegos G, Sun Q, Sindhi R.
Increased monocyte expression of sialoadhesin during acute cellular rejection and
other enteritides after intestine transplantation in children. Transplantation. (2012)
93:561–4. doi: 10.1097/TP.0b013e3182449189

6. Rempel H, Calosing C, Sun B, Pulliam L. Sialoadhesin expressed on IFN-
induced monocytes binds HIV-1 and enhances infectivity. PLoS One. (2008)
3:e1967. doi: 10.1371/journal.pone.0001967

7. Gummuluru S, Pina Ramirez NG, Akiyama H. CD169-dependent cell-
associated HIV-1 transmission: a driver of virus dissemination. J Infect Dis. (2014)
210(Suppl. 3):S641–7. doi: 10.1093/infdis/jiu442

8. Van der Kuyl AC, van den Burg R, Zorgdrager F, Groot F, Berkhout B,
Cornelissen M. Sialoadhesin (CD169) expression in CD14+ cells is upregulated
early after HIV-1 infection and increases during disease progression. PLoS One.
(2007) 2:e257. doi: 10.1371/journal.pone.0000257

9. Pino M, Erkizia I, Benet S, Erikson E, Fernández-Figueras MT, Guerrero D,
et al. HIV-1 immune activation induces Siglec-1 expression and enhances viral
trans-infection in blood and tissue myeloid cells. Retrovirology. (2015) 12:37. doi:
10.1186/s12977-015-0160-x

10. Fenutria R, Maringer K, Potla U, Bernal-Rubio D, Evans MJ, Harris E,
et al. CyTOF profiling of Zika and dengue virus-infected human peripheral
blood mononuclear cells identifies phenotypic signatures of monotype subsets
and upregulation of the interferon-inducible protein CD169. mSphere. (2021)
6:e0050521. doi: 10.1128/mSphere.00505-21

11. Prather RS, Rowland RRR, Ewen C, Trible B, Kerrigan M, Bawa
B, et al. An intact sialoadhesin (Sn/SIGLEC1/CD169) is not required for
attachment/internalization of the porcine reproductive and respiratory syndrome
virus. J Virol. (2013) 87:9538. doi: 10.1128/JVI.00177-13

12. van Gorp H, van Breedam W, Delputte PL, Nauwynck HJ. Sialoadhesin
and CD163 join forces during entry of the porcine reproductive and respiratory
syndrome virus. J Gen Virol. (2008) 89(Pt 12):2943–53. doi: 10.1099/vir.0.2008/
005009-0

13. Bourgoin P, Lediagon G, Arnoux I, Bernot D, Morange PE, Michelet P, et al.
Flow cytometry evaluation of infection-related biomarkers in febrile subjects in the
emergency department. Future Microbiol. (2020) 15:189–201. doi: 10.2217/fmb-
2019-0256

14. Bourgoin P, Soliveres T, Ahriz D, Arnoux I, Meisel C, Unterwalder N,
et al. Clinical research assessment by flow cytometry of biomarkers for infectious
stratification in an emergency department. Biomark Med. (2019) 13:1373–86. doi:
10.2217/bmm-2019-0214

15. Bourgoin P, Soliveres T, Barbaresi A, Loundou A, Belkacem IA, Arnoux I,
et al. CD169 and CD64 could help differentiate bacterial from CoVID-19 or other
viral infections in the emergency department. Cytometry A. (2021) 99:435–45.
doi: 10.1002/cyto.a.24314

16. Bedin AS, Makinson A, Picot MC, Mennechet F, Malergue F, Pisoni A, et al.
Monocyte CD169 expression as a biomarker in the early diagnosis of coronavirus
disease 2019. J Infect Dis. (2021) 223:562–7. doi: 10.1093/infdis/jiaa724

17. Payen D, Cravat M, Maadadi H, Didelot C, Prosic L, Dupuis C, et al. A
longitudinal study of immune cells in severe COVID-19 patients. Front Immunol.
(2020) 11:580250. doi: 10.3389/fimmu.2020.580250

18. Ortillon M, Coudereau R, Cour M, Rimmelé T, Godignon M, Gossez M,
et al. Monocyte CD169 expression in COVID-19 patients upon intensive care unit
admission. Cytometry A. (2021) 99:466–71. doi: 10.1002/cyto.a.24315

19. Minutolo A, Petrone V, Fanelli M, Iannetta M, Giudice M, Ait Belkacem
I, et al. High CD169 monocyte/lymphocyte ratio reflects immunophenotype

disruption and oxygen need in COVID-19 patients. Pathogens. (2021) 10:1639.
doi: 10.3390/pathogens10121639

20. Doehn JM, Tabeling C, Biesen R, Saccomanno J, Madlung E, Pappe E,
et al. CD169/SIGLEC1 is expressed on circulating monocytes in COVID-19 and
expression levels are associated with disease severity. Infection. (2021) 49:757–62.
doi: 10.1007/s15010-021-01606-9

21. Comins-Boo A, Gutiérrez-Larrañaga M, Roa-Bautista A, Foz SG, García MR,
López EG, et al. Validation of a quick flow cytometry-based assay for acute infection
based on CD64 and CD169 expression. New tools for early diagnosis in COVID-19
pandemic. Front Med. (2021) 8:655785. doi: 10.3389/fmed.2021.655785

22. Jans J, Unger WWJ, Vissers M, Ahout IML, Schreurs I, Wickenhagen A, et al.
Siglec-1 inhibits RSV-induced interferon gamma production by adult T cells in
contrast to newborn T cells. Eur J Immunol. (2018) 48:621–31. doi: 10.1002/eji.
201747161

23. Klaas M, Crocker PR. Sialoadhesin in recognition of self and non-self. Semin
Immunopathol. (2012) 34:353–64. doi: 10.1007/s00281-012-0310-3

24. Crocker PR, Paulson JC, Varki A. Siglecs and their roles in the immune
system. Nat Rev Immunol. (2007) 7:255–66. doi: 10.1038/nri2056

25. Van Dinther D, Veninga H, Iborra S, Borg EGF, Hoogterp L, Olesek K, et al.
Functional CD169 on macrophages mediates interaction with dendritic cells for
CD8 + T cell cross-priming. Cell Rep. (2018) 22:1484–95. doi: 10.1016/j.celrep.2018.
01.021

26. Heikema AP, Bergman MP, Richards H, Crocker PR, Gilbert M, Samsom
JN, et al. Characterization of the specific interaction between sialoadhesin
and sialylated Campylobacter jejuni lipooligosaccharides. Infect Immun. (2010)
78:3237–46. doi: 10.1128/IAI.01273-09

27. Purnama C, Ng SL, Tetlak P, Setiagani YA, Kandasamy M, Baalasubramanian
S, et al. Transient ablation of alveolar macrophages leads to massive pathology of
influenza infection without affecting cellular adaptive immunity. Eur J Immunol.
(2014) 44:2003–12. doi: 10.1002/eji.201344359

28. Grabowska J, Lopez-Venegas MA, Affandi AJ, den Haan JMM. CD169+
macrophages capture and dendritic cells instruct: the interplay of the gatekeeper
and the general of the immune system. Front Immunol. (2018) 9:2472. doi: 10.3389/
fimmu.2018.02472

29. Hartnell A, Steel J, Turley H, Jones M, Jackson DG, Crocker PR.
Characterization of human sialoadhesin, a sialic acid binding receptor expressed
by resident and inflammatory macrophage populations. Blood. (2001) 97:288–96.
doi: 10.1182/blood.v97.1.288

30. Steiniger B, Barth P, Herbst B, Hartnell A, Crocker PR. The species-
specific structure of microanatomical compartments in the human spleen: strongly
sialoadhesin-positive macrophages occur in the perifollicular zone, but not in
the marginal zone. Immunology. (1997) 92:307–16. doi: 10.1046/j.1365-2567.1997.
00328.x

31. Tacconi C, Commerford CD, Dieterich LC, Schwager S, He Y, Ikenberg K,
et al. CD169 + lymph node macrophages have protective functions in mouse breast
cancer metastasis. Cell Rep. (2021) 35:108993. doi: 10.1016/j.celrep.2021.108993

32. Crocker PR, Mucklow S, Bouckson V, McWilliam A, Willis AC, Gordon S,
et al. Sialoadhesin, a macrophage sialic acid binding receptor for haemopoietic
cells with 17 immunoglobulin-like domains. EMBO J. (1994) 13:4490–503. doi:
10.1002/j.1460-2075.1994.tb06771.x

33. Martinez-Pomares L, Gordon S. CD169+ macrophages at the crossroads of
antigen presentation. Trends Immunol. (2012) 33:66–70. doi: 10.1016/j.it.2011.11.
001

34. Schadee-Eestermans IL, Hoefsmit ECM, van de Ende M, Crocker PR, van den
Berg TK. Ultrastructural localisation of sialoadhesin (siglec-1) on macrophages in
rodent lymphoid tissues. Immunobiology. (2000) 202:309–25. doi: 10.1016/s0171-
2985(00)80036-4

35. Junt T, Moseman EA, Iannacone M, Massberg S, Lang PA, Boes M,
et al. Subcapsular sinus macrophages in lymph nodes clear lymph-borne viruses
and present them to antiviral B cells. Nature. (2007) 450:110–4. doi: 10.1038/
nature06287

36. Huang JJ, Gaines SB, Amezcua ML, Lubell TR, Dayan PS, Dale M, et al.
Upregulation of type 1 conventional dendritic cells implicates antigen cross-
presentation in multisystem inflammatory syndrome. J Allergy Clin Immunol.
(2022) 149:912–22. doi: 10.1016/j.jaci.2021.10.015

37. Affandi AJ, Olesek K, Grabowska J, Nijen Twilhaar MK, Rodríguez E, Saris
A, et al. CD169 defines activated CD14+ monocytes with enhanced CD8+ T cell
activation capacity. Front Immunol. (2021) 12:697840. doi: 10.3389/fimmu.2021.
697840

Frontiers in Medicine 08 frontiersin.org

https://doi.org/10.3389/fmed.2022.979373
https://doi.org/10.1016/j.ajem.2017.08.030
https://doi.org/10.1016/j.ajem.2017.08.030
https://doi.org/10.1371/journal.pone.0160278
https://doi.org/10.1371/journal.pone.0160278
https://doi.org/10.1177/0961203320965699
https://doi.org/10.1177/0961203320965699
https://doi.org/10.1136/rmdopen-2016-000292
https://doi.org/10.1136/rmdopen-2016-000292
https://doi.org/10.1097/TP.0b013e3182449189
https://doi.org/10.1371/journal.pone.0001967
https://doi.org/10.1093/infdis/jiu442
https://doi.org/10.1371/journal.pone.0000257
https://doi.org/10.1186/s12977-015-0160-x
https://doi.org/10.1186/s12977-015-0160-x
https://doi.org/10.1128/mSphere.00505-21
https://doi.org/10.1128/JVI.00177-13
https://doi.org/10.1099/vir.0.2008/005009-0
https://doi.org/10.1099/vir.0.2008/005009-0
https://doi.org/10.2217/fmb-2019-0256
https://doi.org/10.2217/fmb-2019-0256
https://doi.org/10.2217/bmm-2019-0214
https://doi.org/10.2217/bmm-2019-0214
https://doi.org/10.1002/cyto.a.24314
https://doi.org/10.1093/infdis/jiaa724
https://doi.org/10.3389/fimmu.2020.580250
https://doi.org/10.1002/cyto.a.24315
https://doi.org/10.3390/pathogens10121639
https://doi.org/10.1007/s15010-021-01606-9
https://doi.org/10.3389/fmed.2021.655785
https://doi.org/10.1002/eji.201747161
https://doi.org/10.1002/eji.201747161
https://doi.org/10.1007/s00281-012-0310-3
https://doi.org/10.1038/nri2056
https://doi.org/10.1016/j.celrep.2018.01.021
https://doi.org/10.1016/j.celrep.2018.01.021
https://doi.org/10.1128/IAI.01273-09
https://doi.org/10.1002/eji.201344359
https://doi.org/10.3389/fimmu.2018.02472
https://doi.org/10.3389/fimmu.2018.02472
https://doi.org/10.1182/blood.v97.1.288
https://doi.org/10.1046/j.1365-2567.1997.00328.x
https://doi.org/10.1046/j.1365-2567.1997.00328.x
https://doi.org/10.1016/j.celrep.2021.108993
https://doi.org/10.1002/j.1460-2075.1994.tb06771.x
https://doi.org/10.1002/j.1460-2075.1994.tb06771.x
https://doi.org/10.1016/j.it.2011.11.001
https://doi.org/10.1016/j.it.2011.11.001
https://doi.org/10.1016/s0171-2985(00)80036-4
https://doi.org/10.1016/s0171-2985(00)80036-4
https://doi.org/10.1038/nature06287
https://doi.org/10.1038/nature06287
https://doi.org/10.1016/j.jaci.2021.10.015
https://doi.org/10.3389/fimmu.2021.697840
https://doi.org/10.3389/fimmu.2021.697840
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-979373 September 23, 2022 Time: 8:27 # 9

Herzog et al. 10.3389/fmed.2022.979373

38. Barral P, Polzella P, Bruckbauer A, van Rooijen N, Besra GS, Cerundolo V,
et al. CD169(+) macrophages present lipid antigens to mediate early activation of
iNKT cells in lymph nodes. Nat Immunol. (2010) 11:303–12. doi: 10.1038/ni.1853

39. Martinez-Picado J, McLaren PJ, Telenti A, Izquierdo-Useros N. Retroviruses
as myeloid cell riders: what natural human siglec-1 “knockouts” tell us about
pathogenesis. Front Immunol. (2017) 8:1593. doi: 10.3389/fimmu.2017.01593

40. Martinez-Picado J, McLaren PJ, Erkizia I, Martin MP, Benet S, Rotger M, et al.
Identification of siglec-1 null individuals infected with HIV-1. Nat Commun. (2016)
7:12412. doi: 10.1038/ncomms12412

41. Sewald X, Ladinsky MS, Uchil PD, Beloor J, Pi R, Herrmann C, et al.
Retroviruses use CD169-mediated trans-infection of permissive lymphocytes to
establish infection. Science. (2015) 350:563–7. doi: 10.1126/science.aab2749

42. Haugh KA, Ladinsky MS, Ullah I, Stone HM, Pi R, Gilardet A, et al. In vivo
imaging of retrovirus infection reveals a role for siglec-1/CD169 in multiple routes
of transmission. Elife. (2021) 10:e64179. doi: 10.7554/eLife.64179

43. Akiyama H, Ramirez NGP, Gudheti M, Gummuluru S. CD169-mediated
trafficking of HIV to plasma membrane invaginations in dendritic cells attenuates
efficacy of anti-gp120 broadly neutralizing antibodies. PLoS Pathog. (2015)
11:e1004751. doi: 10.1371/journal.ppat.1004751

44. Perez-Zsolt D, Muñoz-Basagoiti J, Rodon J, Elosua-Bayes M, Raïch-Regué
D, Risco C, et al. SARS-CoV-2 interaction with Siglec-1 mediates trans-infection
by dendritic cells. Cell Mol Immunol. (2021) 18:2676–8. doi: 10.1038/s41423-021-
00794-6

45. Lempp FA, Soriaga LB, Montiel-Ruiz M, Benigni F, Noack J, Park YJ, et al.
Lectins enhance SARS-CoV-2 infection and influence neutralizing antibodies.
Nature. (2021) 598:342–7. doi: 10.1038/s41586-021-03925-1

46. Perez-Zsolt D, Erkizia I, Pino M, García-Gallo M, Martin MT, Benet S, et al.
Anti-Siglec-1 antibodies block Ebola viral uptake and decrease cytoplasmic viral
entry. Nat Microbiol. (2019) 4:1558–70. doi: 10.1038/S41564-019-0453-2

47. Perez-Zsolt D, Raïch-Regué D, Muñoz-Basagoiti J, Aguilar-Gurrieri C, Clotet
B, Blanco J, et al. HIV-1 trans-infection mediated by DCs: the tip of the
iceberg of cell-to-cell viral transmission. Pathogens. (2022) 11:39. doi: 10.3390/
pathogens11010039

48. Crocker R, Vestweber D, Fukuda M, van Die I, Timo P, van den Berg K,
et al. Cutting edge: CD43 functions as a T Cell counterreceptor for the macrophage
adhesion receptor sialoadhesin (Siglec-1). J Immunol. (2001) 166:3637–40. doi:
10.4049/jimmunol.166.6.3637

49. Chang YC, Nizet V. Siglecs at the host–pathogen interface. In: Hsieh, SL.
Lectin in Host Defense Against Microbial Infections. Advances in Experimental
Medicine and Biology. Singapore: Springer (2020) p. 197–214. doi: 10.1007/978-
981-15-1580-4_8

50. Chang YC, Olson J, Louie A, Crocker PR, Varki A, Nizet V. Role of
macrophage sialoadhesin in host defense against the sialylated pathogen group B
Streptococcus. J Mol Med (Berl). (2014) 92:951–9. doi: 10.1007/s00109-014-1157-y

51. Park YJ, Kang BH, Kim HJ, Oh JE, Lee HK. A microbiota-dependent subset
of skin macrophages protects against cutaneous bacterial infection. Front Immunol.
(2022) 13:799598. doi: 10.3389/fimmu.2022.799598

52. Benet S, Gálvez C, Drobniewski F, Kontsevaya I, Arias L, Monguió-Tortajada
M, et al. Dissemination of Mycobacterium tuberculosis is associated to a SIGLEC1
null variant that limits antigen exchange via trafficking extracellular vesicles. J
Extracell Vesicles. (2021) 10:e12046. doi: 10.1002/jev2.12046

53. Hou X, Chen G, Zhao Y. Research progress on CD169-positive macrophages
in tumors. Am J Transl Res. (2021) 13:8589–97.

54. Grabowska J, Stolk DA, Nijen Twilhaar MK, Ambrosini M, Storm G,
van der Vliet HJ, et al. Liposomal nanovaccine containing α-galactosylceramide
and ganglioside GM3 stimulates robust CD8 + T cell responses via CD169 +
macrophages and cDC1. Vaccines. (2021) 9:1–19. doi: 10.3390/vaccines9010056

55. Jobe O, Kim J, Rao M. The role of siglec-1 in HIV-1/macrophage interaction.
Macrophage. (2016) 3:e1435. doi: 10.14800/Macrophage.1435

56. Grabowska J, Affandi AJ, van Dinther D, Nijen Twilhaar MK, Olesek K,
Hoogterp L, et al. Liposome induction of CD8+ T cell responses depends on
CD169+ macrophages and Batf3-dependent dendritic cells and is enhanced by
GM3 inclusion. J Control Release. (2021) 331:309–20. doi: 10.1016/j.jconrel.2021.
01.029

57. Nijen Twilhaar MK, Czentner L, Grabowska J, Affandi AJ, Lau
CYJ, Olesek K, et al. Optimization of liposomes for antigen targeting
to splenic CD169 + macrophages. Pharmaceutics. (2020) 12:1–21.
doi: 10.3390/pharmaceutics12121138

58. Bourgoin P, Biéchelé G, Belkacem IA, Morange PE, Malergue F. Role of
the interferons in CD64 and CD169 expressions in whole blood: relevance in the
balance between viral- or bacterial-oriented immune responses. Immun Inflamm
Dis. (2020) 8:106–23. doi: 10.1002/iid3.289

59. Rincon-Arevalo H, Aue A, Ritter J, Szelinski F, Khadzhynov D, Zickler D, et al.
Altered increase in STAT1 expression and phosphorylation in severe COVID-19.
Eur J Immunol. (2022) 52:138–48. doi: 10.1002/eji.202149575

60. Camara A, Cordeiro OG, Alloush F, Sponsel J, Chypre M, Onder L, et al.
Lymph node mesenchymal and endothelial stromal cells cooperate via the RANK-
RANKL cytokine axis to shape the sinusoidal macrophage niche. Immunity. (2019)
50:1467–81.e6. doi: 10.1016/j.immuni.2019.05.008

61. Camara A, Lavanant AC, Abe J, Desforges HL, Alexandre YO, Girardi E,
et al. CD169+ macrophages in lymph node and spleen critically depend on dual
RANK and LTbetaR signaling. Proc Natl Acad Sci USA. (2022) 119:e2108540119.
doi: 10.1073/pnas.2108540119

62. Shinde P, Xu HC, Maney SK, Kloetgen A, Namineni S, Zhuang Y, et al.
Tumor necrosis factor-mediated survival of CD169 + cells promotes immune
activation during vesicular stomatitis virus infection. J Virol. (2018) 92:e01637-17.
doi: 10.1128/jvi.01637-17

63. Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J, Smith N, et al.
Impaired type I interferon activity and inflammatory responses in severe COVID-
19 patients. Science. (2020) 369:718–24. doi: 10.1126/science.abc6027

64. Zhang Q, Liu Z, Moncada-Velez M, Chen J, Ogishi M, Bigio B, et al. Inborn
errors of type I IFN immunity in patients with life-threatening COVID-19. Science.
(2020) 370:422. doi: 10.1126/SCIENCE.ABD4570

65. Orak B, Ngoumou G, Ebstein F, Zieba B, Goetzke CC, Knierim E, et al.
SIGLEC1 (CD169) as a potential diagnostical screening marker for monogenic
interferonopathies. Pediatr Allergy and Immununol. (2021) 32:621–5. doi: 10.1111/
PAI.13400

66. Plebani M, Zaninotto M, Mion MM. Requirements inside the text of a good
biomarker: translation into the clinical laboratory. In: Van Eyk J, Dunn MJ editors.
Clinical Proteomics. From Diagnosis to Therapy. Weinheim: WILEY-VCH Verlag
GmbH & Co (2008). p. 618–29.

67. Chevrier S, Zurbuchen Y, Cervia C, Adamo S, Raeber ME, de Souza N,
et al. A distinct innate immune signature marks progression from mild to severe
COVID-19. Cell Rep Med. (2020) 2:100166. doi: 10.1016/J.XCRM.2020.100166

68. Roussel M, Ferrant J, Reizine F, le Gallou S, Dulong J, Carl S, et al.
Comparative immune profiling of acute respiratory distress syndrome patients with
or without SARS-CoV-2 infection. Cell Rep Med. (2021) 2:100291. doi: 10.1016/j.
xcrm.2021.100291

69. Chang YC, Nizet V. Siglecs at the host–pathogen interface. Adv Exp Med Biol.
(2020) 1204:197–214.

70. Lim J, Sari-Ak D, Bagga T. Siglecs as therapeutic targets in cancer. Biology.
(2021) 10:1178. doi: 10.3390/biology10111178

71. Bornhöfft KF, Goldammer T, Rebl A, Galuska SP. Siglecs: a journey through
the evolution of sialic acid-binding immunoglobulin-type lectins. Dev Comp
Immunol. (2018) 86:219–31. doi: 10.1016/j.dci.2018.05.008

72. O’Neill AS, van den Berg TK, Mullen GE. Sialoadhesin – A macrophage-
restricted marker of immunoregulation and inflammation. Immunology. (2013)
138:198–207. doi: 10.1111/imm.12042

73. Munday J, Floyd H, Crocker PR. Sialic acid binding receptors (siglecs)
expressed by macrophages. J Leukoc Biol. (1999) 66:705–11. doi: 10.1002/jlb.66.5.
705

74. May AP, Robinson RC, Vinson M, Crocker PR, Jones EY. Crystal structure
of the N-terminal domain of sialoadhesin in complex with 3′ sialyllactose at
1.85 Å Resolution. Mol Cell. (1998) 1:719–28. doi: 10.1016/s1097-2765(00)80
071-4

75. Cutillo G, Saariaho AH, Meri S. Physiology of gangliosides and the role of
antiganglioside antibodies in human diseases. Cell Mol Immunol. (2020) 17:313–22.
doi: 10.1038/s41423-020-0388-9

Frontiers in Medicine 09 frontiersin.org

https://doi.org/10.3389/fmed.2022.979373
https://doi.org/10.1038/ni.1853
https://doi.org/10.3389/fimmu.2017.01593
https://doi.org/10.1038/ncomms12412
https://doi.org/10.1126/science.aab2749
https://doi.org/10.7554/eLife.64179
https://doi.org/10.1371/journal.ppat.1004751
https://doi.org/10.1038/s41423-021-00794-6
https://doi.org/10.1038/s41423-021-00794-6
https://doi.org/10.1038/s41586-021-03925-1
https://doi.org/10.1038/S41564-019-0453-2
https://doi.org/10.3390/pathogens11010039
https://doi.org/10.3390/pathogens11010039
https://doi.org/10.4049/jimmunol.166.6.3637
https://doi.org/10.4049/jimmunol.166.6.3637
https://doi.org/10.1007/978-981-15-1580-4_8
https://doi.org/10.1007/978-981-15-1580-4_8
https://doi.org/10.1007/s00109-014-1157-y
https://doi.org/10.3389/fimmu.2022.799598
https://doi.org/10.1002/jev2.12046
https://doi.org/10.3390/vaccines9010056
https://doi.org/10.14800/Macrophage.1435
https://doi.org/10.1016/j.jconrel.2021.01.029
https://doi.org/10.1016/j.jconrel.2021.01.029
https://doi.org/10.3390/pharmaceutics12121138
https://doi.org/10.1002/iid3.289
https://doi.org/10.1002/eji.202149575
https://doi.org/10.1016/j.immuni.2019.05.008
https://doi.org/10.1073/pnas.2108540119
https://doi.org/10.1128/jvi.01637-17
https://doi.org/10.1126/science.abc6027
https://doi.org/10.1126/SCIENCE.ABD4570
https://doi.org/10.1111/PAI.13400
https://doi.org/10.1111/PAI.13400
https://doi.org/10.1016/J.XCRM.2020.100166
https://doi.org/10.1016/j.xcrm.2021.100291
https://doi.org/10.1016/j.xcrm.2021.100291
https://doi.org/10.3390/biology10111178
https://doi.org/10.1016/j.dci.2018.05.008
https://doi.org/10.1111/imm.12042
https://doi.org/10.1002/jlb.66.5.705
https://doi.org/10.1002/jlb.66.5.705
https://doi.org/10.1016/s1097-2765(00)80071-4
https://doi.org/10.1016/s1097-2765(00)80071-4
https://doi.org/10.1038/s41423-020-0388-9
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Myeloid CD169/Siglec1: An immunoregulatory biomarker in viral disease
	Introduction
	Molecular characteristics and potential contributions in immunoregulation
	Mechanisms of induction and cell population maintenance
	Host factors in pathogenesis

	CD169: Clinical marker of viral disease
	CD169 as an early diagnostic marker in SARS-CoV-2 infection

	Discussion
	Authors contribution
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


