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Abstract: We believe there are serious problems with a recently published and highly publicized paper entitled “Serotonin reduction 
in post-acute sequelae of viral infection.” The blood centrifugation procedure reportedly used by Wong et al would produce plasma 
that is substantially (over 95%) depleted of platelets. Given this, their published mean plasma serotonin values of 1.2 uM and 2.4 uM 
for the control/contrast groups appear to be at least 30 to 60 times too high and should be disregarded. The plasma serotonin values 
reported for the long COVID and viremia patients also should be disregarded, as should any comparisons to the control/contrast 
groups. We also note that the plasma serotonin means for the two control/contrast groups are not in good agreement. In the 
“Discussion” section, Wong et al state that their results tend to support the use of selective serotonin reuptake inhibitors (SSRIs) 
for the treatment of COVID-19, and they encourage further clinical trials of SSRIs. While they state that, “Our animal models 
demonstrate that serotonin levels can be restored and memory impairment reversed by precursor supplementation or SSRI treatment”, 
it should be noted that no data are presented showing an increase or restoration in circulating serotonin with SSRI administration. In 
fact, one would expect a marked decline in platelet serotonin due to SSRIs’ effective inhibition of the platelet serotonin transporter. 
Wong et al hypothesize that problems of long COVID arise from too little peripheral serotonin. However, given the frequent presence 
of a hyperaggregation state in long COVID, and the known augmenting effects of platelet serotonin on platelet aggregation, it is 
plausible to suggest that reductions in platelet serotonin might be associated with a lessening of the cardiovascular sequelae of 
COVID-19. 
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We believe there are serious problems with a recently published and highly publicized paper entitled, “Serotonin 
reduction in post-acute sequelae of viral infection.”1 The two-part central hypothesis of the study is that COVID-19 
and other viral infections: (1) cause a reduction in circulating serotonin (5-hydroxytryptamine, 5-HT), and (2) a reduction 
in peripheral 5-HT results in reduced vagal activity and thereby adversely affects neurocognitive function.

The authors provide two bar graphs depicting mean concentrations and distributions of plasma 5-HT concentrations in 
support of the contention that peripheral 5-HT is lower in chronic viral infections. In Figure 1J, the mean plasma 5-HT 
value for recovered COVID patients of ~1200 nM (1.2 uM, ~210 ng/mL) is contrasted to a substantially lower mean 
value in long COVID patients. While in Figure 2B the mean plasma 5-HT value for healthy controls of ~2400 nM (2.4 
uM, ~420 ng/mL) is contrasted to the lower values obtained for viremia patients.

Unfortunately, the means and distributions of the plasma 5-HT data presented for the contrast/control groups are 
clearly in error. According to one of the authors of Wong et al, the plasma samples used for the 5-HT determinations 
were prepared by centrifuging blood at 1500 xg for 10 minutes. This crucial information regarding the centrifugation 
conditions was not provided in the paper, but rather obtained through personal communication with a corresponding 
author (M. Levy, November 12, 2023). This force and time of centrifugation typically leads to plasma platelet counts of 
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<10,000 platelets/uL, about 4% or less of those seen in the typical whole blood specimen (250,000 platelets/uL). In fact, 
similar spins are recommended and used to prepare plasma largely depleted of platelets for use in coagulation assays.2–4 

Given that (1) a marked depletion (4% or less remaining) in platelets is expected for the plasma samples employed, (2) 
over 99% of blood 5-HT is found in the platelet,5,6 and (3) typically reported means for whole blood 5-HT are about 1 
uM,7–9 one would expect to see mean 5-HT values for plasma so prepared to be about 0.04 uM or less.

Thus, the reported mean plasma 5-HT values of 1.2 uM and 2.4 uM for the control/contrast groups appear to be at 
least 30 to 60 times too high and should be disregarded. The plasma 5-HT values reported for the long COVID and 
viremia patients also should be disregarded, as should any comparisons to the control/contrast groups. It is further noted 
that the plasma 5-HT means for the two control/contrast groups are not in good agreement.

Several other aspects of the Wong et al paper also deserve comment. There is the general issue regarding the 
terminology used when reporting blood and plasma 5-HT concentration. It should be clearly stated whether one is 
determining 5-HT in whole blood (WB), serum, platelet-rich plasma (PRP) or platelet-poor plasma (PPP). The first three 
sample types provide a measure of platelet 5-HT, given that nearly all circulating 5-HT is sequestered in the platelet. Of 
the three (WB, serum, and PRP), analysis of whole blood is preferred, as serum 5-HT values can potentially be affected 
by incomplete release as well as by instability of 5-HT in serum. On the other hand, PRP values can be affected by 
differences in the yield and characteristics of the platelets collected. The centrifugation procedure used in Wong et al 
produced plasma that is substantially depleted of platelets, yet not sufficiently platelet poor to provide an estimate of free 
plasma 5-HT; it thus yields plasma that is neither fish nor fowl.

When determining blood or plasma 5-HT, it is highly beneficial to obtain contemporaneous platelet counts; these were 
not reported in Wong et al. In the case of PPP, the presence of unwanted residual platelets can thereby be detected. With 
WB, serum, and PRP samples, however, it is advantageous to be able to express the 5-HT concentration on a per (billion) 
platelet basis in addition to the more typical concentration units (ng/mL or uM). This can allow a more nuanced 
interpretation of group differences. For instance, if WB or PRP ng/mL values are low without lower ng per billion 
platelet values, it suggests that the 5-HT reduction is simply due to lower platelet counts. However, if ng per billion 
platelet values are low (with or without lower platelet counts), it indicates that one or more of the following factors are at 
play: reduced platelet lifespan (as all platelet 5-HT is taken up continuously during the platelet’s 8–10 day lifespan), 
reduced platelet exposure to 5-HT, or reduced platelet uptake of 5-HT.

As previously reviewed,10–13 a large number of studies have reported substantially reduced platelet counts in COVID- 
19 and the reduction has often been attributed to platelet hyperactivation/hyperaggregability and a presumed resultant 
shortened platelet lifespan (attributions also supported by animal studies reported by Wong et al1). Lowered platelet 
count is the most parsimonious explanation for the lower mean serum 5-HT values reported for COVID-19 patients in the 
studies referenced by Wong et al. However, without platelet counts it is not possible to know if other factors (especially 
5-HT exposure and uptake inhibition) are playing a role in those previously reported reductions in serum 5-HT.

Wong et al concluded that their studies tend to support the use of SSRIs for the treatment of COVID-19, and they encourage 
further clinical trials of SSRIs. It is stated in the “Discussion” section that, “Our animal models demonstrate that serotonin levels 
can be restored and memory impairment reversed by precursor supplementation or SSRI treatment.” It should be noted that no 
data are presented showing an increase in or restoration of 5-HT with SSRI administration. In fact, one would expect a marked 
decline in platelet 5-HT due to SSRIs’ effective inhibition of the platelet 5-HT transporter. All studies of serotonin reuptake 
inhibitors (SRIs) in COVID-19 would benefit from measuring platelet 5-HT, as this provides an index of bioeffect at the 
transporter and might facilitate the investigation of factors affecting treatment outcomes.14 Any study of 5-HT in COVID-19 
should either exclude patients receiving SRIs or account for their presence by identifying and subgrouping such patients.

A final area of concern is the lack of clarity regarding the source of the 5-HT hypothesized to act at vagal afferents. At 
times, the authors seem to suggest that reduced platelet stores of 5-HT lead to diminished vagal activity. At other times, 
reduced production of 5-HT by enterochromaffin cells of the intestinal wall is posited as underlying a reduced exposure 
of the vagal afferents in the gut to 5-HT. The statement in the “Discussion” section that the “vagus nerve is an important 
mediator of sickness behavior, [and] responds to peripheral serotonin levels” is overstated, in that the reference cited in 
support of the latter contention examined the effects of SSRIs on vagal activity but did not measure 5-HT or apply 5HT 
to vagal afferents.15 The evidence provided by Wong et al in support of peripheral 5-HT effects on vagal activity was 
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limited to calcium influx studies with cultured nodose ganglion neurons, studies of the behavioral and physiological 
effects of an orally administered 5-HT3 agonist, and the effects of dietary supplementation with tryptophan.

Despite the abundance of experiments reported by Wong et al, and multiple prior studies of 5-HT and serotonergic 
agents in COVID-19,16,17 the role (or roles) of 5-HT in acute and long COVID remains very much an open question. 
Wong et al hypothesize that problems arise from too little peripheral 5-HT. However, given the frequent presence of 
a hyperaggregation state in long COVID, and the known augmenting effects of platelet 5-HT on platelet aggregation, it is 
also plausible to suggest that reductions in platelet 5-HT could be beneficial.

In summary, we reach the following conclusions: (1) the crucial plasma 5-HT data reported in Figures 1J and 2B of 
Wong et al should be disregarded as clearly and markedly erroneous; (2) reports of circulating 5-HT levels should clearly 
define how the sample is prepared; (3) platelet counts should be obtained when measuring circulating 5-HT and will 
significantly improve interpretation of the measurements; and (4) though the role of peripheral 5-HT in long COVID 
remains unclear, it can be suggested that reduced platelet 5-HT might actually be associated with a lessening of 
cardiovascular sequelae of COVID-19.

Disclosure
Dr Jeremy Veenstra-VanderWeele reports contracts for clinical trials with Roche, Janssen, Yamo, Acadia, MapLight, and 
Simons Foundation Clinical Research Associates, and a stipend for editorial work from Springer and Wiley, outside the 
submitted work.

All authors declare no support from any organization for the submitted work; no financial relationships with any 
organizations that might have an interest in the submitted work in the previous three years; and no other relationships or 
activities that could appear to have influenced the submitted work.

References
1. Wong AC, Devason AS, Umana IC, et al. Serotonin reduction in post-acute sequelae of viral infection. Cell. 2023;186(22):4851–4867.e20. 

doi:10.1016/j.cell.2023.09.013
2. Adcock DM, Hoefner DM. Collection, transport, and processing of blood specimens for testing plasma-based coagulation and molecular hemostasis 

assays; approved guideline—fifth edition. CSLI document H21-A5; 2008; Wayne, PA: Clinical and Laboratory Standards Institute.
3. Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated with severe coronavirus disease 2019 (COVID-19) infections: a meta-analysis. 

Clin Chim Acta. 2020;506:145–148. doi:10.1016/j.cca.2020.03.022
4. Rajashekar R, Krishnamurthy V, Doreswamy SM. Does platelet contamination really affect the coagulation tests? A Prospective Study. 

Int J Hematol Res. 2016;2(3):155–159. doi:10.17554/j.issn.2409-3548.2016.02.38
5. Beck O, Wallén NH, Bröijersén A, Larsson PT, Hjemdahl P. On the accurate determination of serotonin in human plasma. Biochem Biophys Res 

Commun. 1993;196(1):260–266. PMID: 8216301. doi:10.1006/bbrc.1993.2243
6. Brand T, Anderson GM. The measurement of platelet-poor plasma serotonin: a systematic review of prior reports and recommendations for 

improved analysis. Clin Chem. 2011;57(10):1376–1386. PMID: 21859903. doi:10.1373/clinchem.2011.163824
7. Badcock NR, Spence JG, Stern LM. Blood serotonin levels in adults, autistic and non-autistic children--with a comparison of different 

methodologies. Ann Clin Biochem. 1987;24(Pt 6):625–634. doi:10.1177/000456328702400613
8. Gabriel S, Sacco R, Persico AM. Blood serotonin levels in autism spectrum disorder: a systematic review and meta-analysis. Eur 

Neuropsychopharmacol. 2014;24(6):919–929. doi:10.1016/j.euroneuro.2014.02.004
9. McBride PA, Anderson GM, Hertzig ME, et al. Effects of diagnosis, race, and puberty on platelet serotonin levels in autism and mental retardation. 

J Am Acad Child Adolesc Psychiatry. 1998;37(7):767–776. PMID: 9666633. doi:10.1097/00004583-199807000-00017
10. Cheng J, Zeng H, Chen H, et al. Current knowledge of thrombocytopenia in sepsis and COVID-19. Front Immunol. 2023;14:1213510. doi:10.3389/ 

fimmu.2023.1213510
11. Marik PE, Iglesias J, Varon J, Kory P. A scoping review of the pathophysiology of COVID-19. Int J Immunopathol Pharmacol. 

2021;35:20587384211048026. PMID: 34569339; PMCID: PMC8477699. doi:10.1177/20587384211048026
12. Yazdani AN, Abdi A, Velpuri P, et al. A review of hematological complications and treatment in COVID-19. Hematol Rep. 2023;15(4):562–577. 

PMID: 37873794; PMCID: PMC10594461. doi:10.3390/hematolrep15040059
13. Zaid Y, Puhm F, Allaeys I, et al. Platelets can associate with SARS-Cov-2 RNA and are hyperactivated in COVID-19. Circ Res. 2020;127 

(11):1404–1418. PMID: 32938299; PMCID: PMC7641188. doi:10.1161/CIRCRESAHA.120.317703
14. Anderson GM, Bruno-Pacella I. Systematic review of studies using platelet serotonin content to assess bioeffect of serotonin reuptake inhibitors at 

the serotonin transporter. Psychopharmacology. 2023;240(1):1–13. PMID: 36399187. doi:10.1007/s00213-022-06276-5
15. McVey Neufeld KA, Bienenstock J, Bharwani A, et al. Oral selective serotonin reuptake inhibitors activate vagus nerve dependent gut-brain 

signaling. Sci Rep. 2019;9(1):14290. PMID: 31582799; PMCID: PMC6776512. doi:10.1038/s41598-019-50807-8
16. Deng J, Rayner D, Ramaraju HB, et al. Efficacy and safety of selective serotonin reuptake inhibitors in COVID-19 management: a systematic 

review and meta-analysis. Clin Microbiol Infect. 2023;29(5):578–586. PMID: 36657488; PMCID: PMC9841740. doi:10.1016/j.cmi.2023.01.010
17. Nyirenda JL, Sofroniou M, Toews I, et al. Fluvoxamine for the treatment of COVID-19. Cochrane Database Syst Rev. 2022;9(9):CD015391. 

PMID: 36103313; PMCID: PMC9473347. doi:10.1002/14651858.CD015391

Journal of Inflammation Research 2024:17                                                                                          https://doi.org/10.2147/JIR.S456000                                                                                                                                                                                                                       

DovePress                                                                                                                       
2171

Dovepress                                                                                                                                                       Anderson et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.cell.2023.09.013
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.17554/j.issn.2409-3548.2016.02.38
https://doi.org/10.1006/bbrc.1993.2243
https://doi.org/10.1373/clinchem.2011.163824
https://doi.org/10.1177/000456328702400613
https://doi.org/10.1016/j.euroneuro.2014.02.004
https://doi.org/10.1097/00004583-199807000-00017
https://doi.org/10.3389/fimmu.2023.1213510
https://doi.org/10.3389/fimmu.2023.1213510
https://doi.org/10.1177/20587384211048026
https://doi.org/10.3390/hematolrep15040059
https://doi.org/10.1161/CIRCRESAHA.120.317703
https://doi.org/10.1007/s00213-022-06276-5
https://doi.org/10.1038/s41598-019-50807-8
https://doi.org/10.1016/j.cmi.2023.01.010
https://doi.org/10.1002/14651858.CD015391
https://www.dovepress.com
https://www.dovepress.com


Journal of Inflammation Research                                                                                                     Dovepress 

Publish your work in this journal 
The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on 
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis 
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology 
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and 
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

DovePress                                                                                                               Journal of Inflammation Research 2024:17 2172

Anderson et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Disclosure

