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Abstract

Objective: The COVID-19 corona virus disease outbreak is globally challenging health systems and societies. Its diagnosis
relies on molecular methods, with drawbacks revealed by mass screening. Upregulation of neutrophil CD6é4 or monocyte
CD169 has been abundantly reported as markers of bacterial or acute viral infection, respectively. We evaluated the
sensitivity of an easy, one-step whole blood flow cytometry assay to measure these markers within 10min, as a potential
screening test for COVID-19 patients.

Methods: Patients (n=177) with confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
were tested on 10 pL blood and results were compared with reverse transcriptase-quantitative polymerase chain reaction
(RT-gPCR).

Results: We observed 98% and 100% sensitivity in early-stage (n=52) and asymptomatic patients (n=9), respectively. Late-
stage patients, who presented for a second control RT-qPCR, were negative for both assays in most cases. Conversely,
neutrophil CD64 expression was unchanged in 75% of cases, without significant differences between groups.

Conclusion: Monocyte CD169 evaluation was highly sensitive for detecting SARS-CoV-2 infection in first-presentation
patients; and it returns to basal level upon infection clearance. The potential ease of fingerprick collection, minimal time-to-
result, and low cost rank this biomarker measurement as a potential viral disease screening tool, including COVID-19. When
the virus prevalence in the tested population is usually low (1%—10%), such an approach could increase the testing capacity
10 to 100-fold, with the same limited molecular testing resources, which could focus on confirmation purposes only.
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in many countries. Ideally, this should allow any person to
receive a prompt assessment at the time of symptom onset or
contact tracing. This analysis is essentially based on molecu-
lar tests (reverse transcriptase-quantitative polymerase chain
reaction (RT-qPCR)) that detect viral RNA in a sample taken
from the back of the nose or throat. Despite being the gold
standard, RT-qPCR has limitations.

The sensitivity is not optimal,” mainly due to sampling qual-
ity and to the delay between contamination and colonization of
the upper ear, nose, and throat area. Patients may receive a false
negative result putting those around them at risk.

Although RT-qPCR is a fairly fast technique (one to a few
hours), laboratory throughput due to massive screening vol-
umes may lead to significant delays in sampling, processing,
and result delivery. This may jeopardize distancing policies
or hinder social and professional activity.

Deep nasal swabbing is unpleasant for the patient and
puts the sampler at risk of infection.

Finally, RT-qPCR remains expensive. As a result, while
massive testing is required for the fight against the pandemic,
considerable efforts are underway in the search for efficient
diagnostic techniques for mass testing strategies.

New point-of-care molecular methods reduce the turna-
round time to less than 30 min. Although several methods are
commercially available, performance inconsistency and
relatively low sensitivity and positive predictive values for
detection of ongoing infection hamper their potential contri-
bution to the management of the COVID-19 outbreak.>®

Antigenic tests of viral proteins are cheaper than
RT-qPCR, faster, and some can be performed on salivary
samples that are easier to access and provide for home test-
ing. However, their sensitivity is variable, especially when
saliva is used instead of a nasal swab.”® On the other hand,
serological tests do not determine current viral load, are posi-
tive at least 1 week postinfection, and lack sensitivity.>!'

In this context, harnessing early immune markers of leu-
kocyte activation is a promising alternative. Leukocytes rap-
idly detect and respond to infection with secreted and surface
activation molecules. We and others have previously reported
that acute viral infections induce the appearance of CD169
(Siglec-1, sialoadhesin) at the surface of blood mono-
cytes.''2 Monocyte CD169 expression is upregulated by
type 1 interferons,'® produced by locally attacked tissues,
and is found in all circulating blood monocytes, allowing its
detection in minimal blood volumes such as a drop of blood
at the fingertip. CD169 upregulation has been found in
patients with HIV,'* EBV,'> RSV, and influenza,'®'” CMV,#
dengue,'??° Zika,?' noroviruses,?? and Lassa and Marburg
viruses.?? Altogether, this shows that all viruses studied so
farare detected, at least during the acute phase. Transcriptomic
and mass cytometry studies have identified CD169 as a rel-
evant biomarker for COVID-19.%*2 The first clinical evalu-
ation by flow cytometry in the COVID-19 context showed
that CD169 was a potential SARS-CoV-2 infection marker,

with upregulation levels much higher than those induced by
any other virus tested so far.?%?’

Having developed a rapid (10-15min), easy, and afford-
able assay to measure monocyte CD169 upregulation in a
few microliters of blood, applicable to fingerprick samples,?®
we set out to assess its efficacy in a cohort of COVID-19-
confirmed patients, with SARS-CoV-2 RT-qPCR as the ref-
erence method. This assay evaluated in parallel two other
immune markers: upregulation of CD64 on neutrophils,
which is widely used as an indicator of bacterial infection,?
and expression of human leukocyte antigen-DR (HLA-DR)
isotype on monocytes, which reflects the general state of the
immune system® which is increased when activated by a
pathogen (viral or bacterial), and decreased if the immune
system is “exhausted” by a severe infection (e.g., sepsis).

Materials and methods

Ethics statement

This retrospective observational study involved human sub-
jects and was conducted according to the Code of Ethics of
the World Medical Association (Declaration of Helsinki). It
was reviewed and approved by the local ethics committee
(reference number PADS20-334). According to French law,
the patients were informed and they retained the right to
oppose the use of their anonymized medical data for research
purposes, but formal consent was not required for this non-
interventional study.

Samples

This study was conducted in the immunology laboratory of
the THU Méditerranée Infection (University Hospitals of
Marseille, Assistance Publique — Hopitaux de Marseille,
Marseille, France). We included leftover samples from
patients aged 16 or older with RT-qPCR-confirmed SARS-
CoV-2 infection (at least one positive SARS-CoV-2 RT-qPCR
in nasopharyngeal swabs or tracheal aspiration).

To determine the sample size, we assumed the COVID-19
incidence rate of 50% with a margin error of 10% and a con-
fidence level of 95%, according to previous estimation from
local registry. The minimum sample size needed to estimate
the true population proportion was 97. Thus 177 leftover
samples were consecutively collected within 2days sepa-
rated by a 1-week interval (92 and 85 samples, respectively).
Patients were subsequently sorted into four groups:
RT-gPCR+ patients who presented at an early stage of the
disecase, within 14 days after symptoms onset (group 1: 52
patients), RT-qPCR+ asymptomatic patients (group 2: 9
patients) since by definition they cannot be included in any
group, RT-qPCR+ patients at a later stage of the disease,
with more than 14days after symptom onset (group 3: 5
patients), and patients who had become RT-qPCR negative at
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Table I. Demography of the cohort study.
Value (£1 SD) SARS-CoV-2 SARS-CoV-2 SARS-CoV-2 RT- SARS-CoV-2 RT- p-Value
RT-PCR positive RT-PCR positive PCR positive late PCR negative
early stage asymptomatic stage
n 52 9 5 1
Age, year 44.6 (26.5-62.6) 47.7 (31.3-64) 48.4 (31.4-65.4) 45.2 (29.6-60.7) 0.7
Sex, male, n (%) 24 (46%) 5 (56%) I (20%) 50 (45%) 0.6142
Time from 5(3-7) NA 20 (13-26) 18 (10-27) <0.0001
symptom onset
SARS-CoV-2 RT- 27 (22-31) 27 (21-33) 31 (28-33) NA 0.1614

PCR Ct value

Early stage is defined as samples obtained within 14 first days from the symptom onset. Late stage is defined as samples obtained after 14 days of first
symptoms onset. Data are expressed as medians and interquartile ranges (IQR) unless otherwise specified. Ct, cycle threshold.

the time of the blood sampling (mostly patients retested at a
later time point (group 4: 111 patients)).

Demographic, clinical, and laboratory data including date
of onset of SARS-CoV-2-related symptoms were collected
for each patient retrospectively from electronical medical
records (Table 1). Twenty-five samples of healthy blood
donors (HBD), obtained from the national blood bank, served
as further controls (Convention N°7828, “Etablissement
Francais du Sang,” Marseille, France). The national blood
bank obtains written consent from donors and distributes con-
trol tubes accordingly.

Flow cytometry

Antibodies and reagents were from Beckman Coulter Life
Sciences (Marseille, France). Excess EDTA-treated samples
were maintained at room temperature (15°C-25°C) for a
maximum of 24 h prior to flow cytometry investigations. The
three specific antibodies were premixed in a ready-to-use
cocktail (prototype of the IOTest Myeloid Activation
CD169-PE/HLA-DR-APC/CD64-PacBlue Antibody
Cocktail). The cocktail was then premixed with 0.5mL of
VersaLyse red blood cell lysing solution (Beckman Coulter
Life Sciences), and 10 pL of blood were added in the reaction
tube. After 10 min incubation at room temperature, the sam-
ples were analyzed with a three-laser Navios flow cytometer
(acquisition time: 1 min) (Beckman Coulter Life Sciences).

Data analysis and statistics

Categorical data are presented as numbers and percentages
(%) and were compared with the chi-square test. Continuous
data are presented as medians and interquartile ranges (IQR)
and were compared with the Wilcoxon test equivalent to
Mann—Whitney U test.

Flow cytometry data files were analyzed using the Kaluza
software, version 2.1 (Beckman Coulter Life Sciences).
Leukocytes were gated using side scatter (SSC) and CD64
expression as lymphocytes (low SSC CD64—), monocytes

(intermediate SSC CD64+), and neutrophils (high SSC),
prior to the analysis of CD169, CD64, and HLA-DR level of
expression. The CD169 index was calculated as the ratio of
monocyte CD169 expression (signal) and lymphocyte
CD169 expression (background). Similarly, the CD64 index
was calculated as the ratio of neutrophil and lymphocyte sig-
nal to background. Data were exported to JMP 14.2.0 soft-
ware (SAS, Cary, NC, USA) for statistical analysis. Median
comparison between groups was performed via Kruskal—
Wallis test then Wilcoxon rank sum tests, equivalent to
Mann—Whitney tests. Correlations were established with
Pearson correlation coefficient () and determination coeffi-
cient (r?). A two-sided p-value <0.05 was considered statis-
tically significant.

Results

Using RT-qPCR as the gold standard, 177 patients who had
tested positive for SARS-CoV-2 at least once were included.
One hundred twenty-three were new cases and the other 54
were old cases retested since they returned for monitoring their
viral load. Overall, at the time of blood sampling, 66 patients
out of 177 were positive for SARS-CoV-2 RT-qPCR and 111
turned out to be negative at this time point. Among positives,
91% (60/66) were detected by a positive blood CD169 index,
using the previously established threshold of 3.5.26

We reasoned that a triage assay would mostly encounter
patients at an early stage of the disease, or asymptomatic
patients. Thus, we sorted the cohort into four groups accord-
ing to time since the onset of symptoms (Table 1).

Group 1: Fifty-two patients were RT-qPCR+ and at an
early stage of the disease (less than 14 days after symptom
onset). They were detected by the CD169 index with 98%
sensitivity (51/52) (Figure 1).

Group 2: Nine patients were RT-qPCR+ and asympto-
matic. They were detected by the CD169 index with
100% sensitivity (9/9).
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Figure |. Expression of monocyte CD 169 in COVID-19 patients.

Box plots summarizing the differential CD 169 expression on blood monocytes in four COVID-19 groups and control group (HBD). Data were compared

with Kruskal-Wallis test then each group pairs were compared upon Wilcoxon test. Blue line: Threshold at 3.5.

Group 3: Only five patients were RT-qPCR+ at a late
stage of the disease (14—48days after symptom onset),
and they were not detected by the CD169 index (0/5).

Group 4: One hundred eleven patients that were negative
for the RT-qPCR at the time of the study, among them 21
did show a CD169 index positivity, indicating a specific-
ity of 81%.

As a further control, we included in the study 25 HBD, who
were all negative but one (Figure 1).

CD169 expression was significantly higher in groups 1
and 2 (early stage and asymptomatic) as compared to other
groups (p=<0.001). Review of medical records for the only
patient exhibiting a CD169 index below the threshold but a
positive nasopharyngeal RT-qPCR showed very low and
decreasing RNA quantities (cycle threshold (Ct) at 33.5 and
34.5, respectively, 48 and 24h earlier), suggesting a near
complete viral clearance.

In group 3 (late stage), CD169 was negative indicating
that the biomarker returns to baseline levels after 2-3 weeks,
even if viral clearance is not complete according to RT-qPCR.

In group 4 (negative RT-qPCR), CD169 was observed in
21 cases, at a lower level than in groups 1-2, indicating
either a persistence of the marker after viral RNA clearance,
another infection, or pointing to a potential false negative
RT-qPCR result.

CD169 level and RT-qPCR Ct were weakly but signifi-
cantly correlated, with the six CD169 negative patients rank-
ing among those with the highest RT-qPCR Ct, that is, the
lowest RNA quantities (Figure 2).

Neutrophil CD64 expression, a marker of bacterial infec-
tion, was unchanged in 75% of the cases and weakly upregu-
lated in 25% of the cases (45/177). Within this cohort of
outpatients presenting with mild disease, HLA-DR was
expressed at normal or slightly increased levels, an expected
finding as opposed to the decrease usually observed in severe
cases®! (Figure 3).

Discussion

The rapid whole blood assay of CD169 upregulation yielded
a detection rate of 98% and 100% in early-stage (2 weeks)
and asymptomatic patients respectively. Since the only false
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Figure 2. Correlation plot between SARS-CoV-2 RT-qPCR Ct and CD 169 index.
Upregulation of monocyte CD169, expressed as CD 169 index of monocyte-to-lymphocyte CD 169 expression, was inversely correlated with SARS-
CoV-2 Ct, itself inversely correlated with the patient’s viral load. Ct, cycle threshold.
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Figure 3. Expression of neutrophil CD6é4 and monocyte HLA-DR in COVID-19 patients.
Box plots summarizing the differential CD64 expression on blood neutrophils and HLA-DR expression on blood monocytes in four COVID-19 groups and
control group (HBD). Data were compared with Kruskal-Wallis test then each group pairs were compared upon Wilcoxon test. Blue line: CD64 threshold at 4.

negative case was sampled 8 days after symptom onset, and
had a very low and decreasing viral load, one could also con-
sider a 100% sensitivity within the first week after symptom
onset, thus a performance equal to the specific RT-qPCR.
These results are superior to other rapid methods, such as

antigenic tests, usually described with lower sensitivity than
RT-qPCR.

It is remarkable that asymptomatic patients, who made up
14% of the RT-qPCR + cases, expressed CD169 at the same
level as patients experiencing symptoms. These findings
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give pathophysiological insights, suggesting that a systemic
response orchestrating infection control takes place despite
the absence of symptoms, rather than a locally limited con-
trol of the infection (mucosal and/or tissue immunity).

As expected, monocyte CD169 upregulation was also
observed in the control cohorts: in 1 out of 25 HBD (4%),
and in 21 out of the 111 RT-qPCR negative patients enrolled
as COVID-19 cases (19%). This could be easily explained
by the broad specificity of this biomarker which can detect
any acute viral infection tested so far.'*2* We cannot rule out
this possibility, both for the 21 patients in the cohort, and for
the single case from the control cohort. Still, the significantly
higher proportion within the COVID cohort suggests that at
least some of them are real SARS-CoV-2 infections, unde-
tected by RT-qPCR. It would not be surprising that the
immune reaction mediating the CD169 expression would not
perfectly parallel the viral load detectable by RT-qPCR, both
at the end of the infection and at the beginning. In support of
this, two recent studies have found similar performances for
CD169 in hospitalized patients, sensitivity and specificity
being beyond 90%, and discrepancies with PCR being
explained by late sampling and potential false negative
RT-qPCR.*>* In line with this idea, we found in the medical
records a few cases where RT-qPCR tests were still positive
at a later sampling time point, in contradiction to the results
of the study (pointing to a false negative RT-qPCR at the
time of the study). Also, it is now well established that the
performance of RT-qPCR tests is not optimal, mainly limited
by the quality of sampling.? We conclude from these results
that the CD169 detects the early COVID cases, both sympto-
matic and asymptomatic, with a sensitivity at least as high as
RT-qPCR, and then returns to baseline within 2-3 weeks as
do the RT-qPCR results.

These characteristics are those expected for a screening
test: the highest possible sensitivity within the early phase,
and as few as possible false positive within the general popu-
lation, provided no other acute viral infection is taking place.
Data obtained in the present study demonstrate that a testing
strategy leveraging monocyte CD169 upregulation as a tri-
age test could be designed. Taking into account a positivity
rate of RT-qPCR tests ranging from 1% to 10%, it appears
that 90%—99% of these expensive and uncomfortable tests
are done for no reason. Monocyte CD169 screening could
help prioritize true positives, thereby opening the perspec-
tive of decreasing the number of RT-qPCR tests currently run
on the health system by a factor of 10-100. Alternatively, it
could increase the testing capacities by the same magnitude
and open new opportunities.

Taken together, the monocyte CD169 assay displays
advantages for routine implementation, including (i) high
sensitivity for the detection of early-stage and asymptomatic
patients; (ii) 10—15 min time-to-result granting an immediate
response during patients’ presence; (iii) readily available
technology supported by flow cytometers available in most

clinical laboratories; (iv) finger prick or venous blood sam-
pling, short technician time, affordable reagents (a few dol-
lars per test), and simple logistics chain.

This strategy would be ideally suited in areas where a
zero-cases strategy is implemented, and where anyone enter-
ing the area needs to be rapidly and efficiently tested. It has
been argued that biomarkers like CD169 are nonspecific and
therefore may not be used as diagnostic tools. Nonspecificity
is real but does not reduces their potential as rapid and easy
screening tools, coupled with a rapid diagnostic tool used to
confirm the result. Of course, in case the polymerase chain
reaction (PCR) result would turn out to be negative, it would
suggest another viral infection that would probably need to
be investigated for an optimal patient care. This could also
help detecting new outbreak or new variants invisible to
“too-specific” tools. The positive result in the control cohort
from the blood bank also raises questions about the utility of
such a test as a screening tool with broader detection capa-
bilities than current specific tests.

Also, one may consider the probability of the next epi-
demics, where specific RT-qPCR tests will again require
months to be developed. Such “nonspecific” tools may
offer during this window a reasonable help at triaging
“yirally infected” from healthy people. Of course, it is not
known which pathogen will cause the next pandemic, nor
whether it will increase CD169 or CD64 expression, but
given the large number of acute infections correlated with
those markers so far,'*?? there is a good chance such an
assay would work as a first line detection tool, and thus
improve our preparedness.

The main strengths of this study are its outpatient design.
Previous reports enrolled only ICU or emergency unit
patients. However, this paper has some limitations that need
to be addressed. First, venous blood leftover has been used
instead or real fingerprick sampling. Even if we have strong
indications that these are equivalent, it remains to be for-
mally proven. Second, a full characterization of other poten-
tial infections occurring in the patients and controls would be
helpful to refine the specificity and sensitivity estimates.
Finally, the size of the subgroups is limited and can only
serve as a determination cohort. Therefore, these results need
to be confirmed in a larger and independent cohort for vali-
dation prior to generalization.

Conclusion

Detection of monocyte CD169 would allow the identifica-
tion of SARS-CoV-2 suspect patients for referral to RT-qPCR
with no sensitivity loss. Combined neutrophil CD64 for bac-
terial infections, and monocyte HLA-DR for immune status
would help identify those suffering from other diseases or at
risk for more severe forms. Therefore these three markers
would help for a better management of COVID-19 and non-
COVID-19 cases.



Michel et al.

Acknowledgements

The authors would like to thank Joe Olechno for helpful discussions
and linguistic revision. Also, a preprint version has been submitted
to MedRxiv.

Author contributions

JV, TM, and PEM designed the study. MoM, IAB, and FM con-
ducted experiments and acquired data. MaM and HTD super-
vised clinical procedures. MoM collected and analyzed
demographic, clinical, and laboratory data. PB and FM provided
antibody panels and PEM and IA the flow cytometry platform.
MoM, FM, and JMB analyzed experimental data. FM, MoM, JV,
and JMB wrote the manuscript. JLM revised the manuscript for
important intellectual content. All authors read and approved the
final manuscript.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of inter-
est with respect to the research, authorship, and/or publication of
this article: TM, JMB, IAB, PB, and FM are employees of
Beckman Coulter Life Sciences, IAB and PB are recipient of a
PhD grant from the ANRT (National Agency for Research and
Technology). JV has received speaker and consultancy fees from
Meda Pharma, Mylan, Novartis, Sanofi, Thermo Fisher, outside
this work. The other authors declare no conflict of interest related
to this work.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: None
of the academic authors have any potential financial conflict of
interest related to this manuscript. Also, this research is part of the
fundamental research activities performed by two PhD students
(Ines Ait Belkacem, Penelope Bourgoin), managed by the Beckman
Coulter Life Science team in Marseille (Dr. Fabrice Malergue and
Dr. Jean-Marc Busnel), without any financial conflict of interest
beyond their employment. Inés Ait Belkacem and Penelope
Bourgoin are recipient of a PhD grant from the ANRT (National
Agency for Research and Technology).

Informed consent

Informed consent was not sought for the present study because
according to French law, the patients were informed and retained
the right to oppose the use of their anonymized medical data for
research purposes, but formal consent was not required for this non-
interventional study using only blood leftover. Twenty-five sam-
ples of healthy blood donors (HBD), obtained from the national
blood bank, served as further controls (Convention N°7828,
“Etablissement Frangais du Sang,” Marseille, France). The national
blood bank obtains written consent from donors and distributes
control tubes accordingly.

ORCID iDs
Moise Michel

Fabrice Malergue

https://orcid.org/0000-0002-0460-9898
https://orcid.org/0000-0003-1322-1390

Hervé Tissot-Dupont https://orcid.org/0000-0002-6745-4360

References

1.

10.

11.

12.

13.

14.

15.

16.

ZhuN, Zhang D, Wang W, etal. A novel coronavirus from patients
with pneumonia in China, 2019. N Engl J Med 2020; 382(8):
727-733.

Woloshin S, Patel N and Kesselheim AS. False negative tests
for SARS-CoV-2 infection—challenges and implications. N
Engl J Med 2020; 383(6): e38.

Wolters F, van de Bovenkamp J, van den Bosch B, et al. Multi-
center evaluation of cepheid xpert® xpress SARS-CoV-2 point-
of-care test during the SARS-CoV-2 pandemic. J Clin Virol
2020; 128: 104426.

Rhoads DD, Cherian SS, Roman K, et al. Comparison of
Abbott ID now, DiaSorin Simplexa, and CDC FDA emer-
gency use authorization methods for the detection of SARS-
CoV-2 from nasopharyngeal and nasal swabs from individuals
diagnosed with COVID-19. J Clin Microbiol 2020; 58(8):
¢00760-20.

Fournier P-E, Zandotti C, Ninove L, et al. Contribution
of VitaPCR SARS-CoV-2 to the emergency diagnosis of
COVID-19. J Clin Virol 2020; 133: 104682.

Hogan CA, Garamani N, Lee AS, et al. Comparison of the
Accula SARS-CoV-2 test with a laboratory-developed assay
for detection of SARS-CoV-2 RNA in clinical nasopharyngeal
specimens. J Clin Microbiol 2020; 58(8): €01072-20.
Freeman B, Lester S, Mills L, et al. Validation of a SARS-
CoV-2 spike protein ELISA for use in contact investigations
and serosurveillance. bioRxiv 2020.

Han P and Ivanovski S. Saliva—friend and foe in the COVID-
19 outbreak. Diagnostics 2020; 10(5): 290.

Miller TE, Garcia Beltran WF, Bard AZ, et al. Clinical sen-
sitivity and interpretation of PCR and serological COVID-19
diagnostics for patients presenting to the hospital. FASEB J
2020; 34(10): 13877-13884.

Michel M, Bouam A, Edouard S, et al. Evaluating ELISA,
immunofluorescence, and lateral flow assay for SARS-CoV-2
serologic assays. Front Microbiol 2020; 11: 597529.
Bourgoin P, Soliveres T, Ahriz D, et al. Clinical research
assessment by flow cytometry of biomarkers for infectious
stratification in an Emergency Department. Biomark Med
2019; 13(16): 1373-1386.

Bourgoin P, Lediagon G, Arnoux I, et al. Flow cytometry
evaluation of infection-related biomarkers in febrile subjects
in the emergency department. Future Microbiol 2020; 15:
189-201.

Bourgoin P, Biéchelé G, Ait Belkacem I, et al. 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(1): 106—123.
van der Kuyl AC, van den Burg R, Zorgdrager F, et al.
Sialoadhesin (CD169) expression in CD14+ cells is upregu-
lated early after HIV-1 infection and increases during disease
progression. PLoS ONE 2007; 2(2): e257.

Farina A, Peruzzi G, Lacconi V, et al. Epstein-Barr virus lytic
infection promotes activation of toll-like receptor 8 innate
immune response in systemic sclerosis monocytes. Arthritis
Res Ther 2017; 19(1): 39.

Jans J, Unger WWJ, Vissers M, et al. Siglec-1 inhibits RSV-
induced interferon gamma production by adult T cells in con-
trast to newborn T cells. Eur J Immunol 2018; 48(4): 621-631.


https://orcid.org/0000-0002-0460-9898
https://orcid.org/0000-0003-1322-1390
https://orcid.org/0000-0002-6745-4360

SAGE Open Medicine

17.

18.

19.

20.

21.

22.

23.

24.

25.

Bourgoin P, Soliveres T, Barbaresi A, et al. CD169 and CD64
could help differentiate bacterial from CoVID-19 or other
viral infections in the Emergency Department. Cytometry A
2021; 99(5): 435-445.

Theobald SJ, Khailaie S, Meyer-Hermann M, et al. Signatures
of T and B cell development, functional responses and PD-1
upregulation after HCMV latent infections and reactivations
in Nod.Rag.Gamma mice humanized with cord blood CD34*
cells. Front Immunol 2018; 9: 2734.

Green AM and Harris E. Monocyte-plasmablast crosstalk dur-
ing dengue. Cell Host Microbe 2014; 16(1): 7-9.

Kwissa M, Nakaya HI, Onlamoon N, et al. Dengue virus infec-
tion induces expansion of a CD14(+)CD16(+) monocyte
population that stimulates plasmablast differentiation. Cell
Host Microbe 2014; 16(1): 115-127.

Hirsch AJ, Smith JL, Haese NN, et al. Zika virus infection of
rhesus macaques leads to viral persistence in multiple tissues.
PLoS Pathog 2017; 13(3): ¢1006219.

Cutler AJ, Oliveira J, Ferreira RC, et al. Capturing the systemic
immune signature of a norovirus infection: an n-of-1 case study
within a clinical trial. Wellcome Open Res 2017; 2: 28.
Caballero IS, Yen JY, Hensley LE, et al. Lassa and Marburg
viruses elicit distinct host transcriptional responses early after
infection. BMC Genomics 2014; 15(1): 960.

Aschenbrenner AC, Mouktaroudi M, Kriamer B, et al. Disease
severity-specific neutrophil signatures in blood transcriptomes
stratify COVID-19 patients. Genome Med 2021; 13(1): 7.
Chevrier S, Zurbuchen Y, Cervia C, et al. A distinct innate
immune signature marks progression from mild to severe
COVID-19. Cell Rep Med 2021; 2(1): 100166.

26.

27.

28.

29.

30.

31.

32.

33.

Bedin A-S, Makinson A, Picot M-C, et al. Monocyte CD169
expression as a biomarker in the early diagnosis of COVID-
19. J Infect Dis 2021; 223(4): 562-567.

Vetter P, Eberhardt C, Meyer B, et al. Daily viral kinetics and
innate and adaptive immune response assessment in COVID-
19: a case series. medRxiv 2020.

Bourgoin P, Hayman J, Rimmelé T, et al. A novel one-step
extracellular staining for flow cytometry: proof-of-concept
on sepsis-related biomarkers. J Immunol Methods 2019; 470:
59-63.

Li S, Huang X, Chen Z, et al. Neutrophil CD64 expression as a
biomarker in the early diagnosis of bacterial infection: a meta-
analysis. Int J Infect Dis 2013; 17(1): e12—e23.

Venet F, Lukaszewicz A-C, Payen D, et al. Monitoring the
immune response in sepsis: a rational approach to administra-
tion of immunoadjuvant therapies. Curr Opin Immunol 2013;
25(4): 477-483.

Vitte J, Diallo AB, Boumaza A, et al. A granulocytic signa-
ture identifies COVID-19 and its severity. J Infect Dis 2022;
222(12): 1985-1996.

Minutolo A, Petrone V, Fanelli M, etal. High CD169 monocyte/
lymphocyte ratio reflects the immunophenotyping disruption
and predicts oxygen need in COVID-19 patients. Preprints,
https://www.preprints.org/manuscript/202105.0731/v1 (2021,
accessed 6 September 2021).

Comins-Boo A, Gutiérrez-Larranaga M, Roa-Bautista A, 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.


https://www.preprints.org/manuscript/202105.0731/v1

