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Objectives: Besides SARS-CoV-2-directed humoral immune responses, T cell responses are indispensable 

for effective antiviral immunity. Recent data have shown a correlation between COVID-19 symptoms and 

humoral immune response, but so far, little is known about the association of SARS-CoV-2-directed T 

cell responses and disease severity. Herein, we evaluated the prevalence of different clinical COVID-19 

symptoms in relation to SARS-CoV-2-directed humoral and cellular immune responses. 

Methods: The severity of eight different symptoms during acute infection were assessed using question- 

naires from 193 convalescent individuals and were evaluated in relation to SARS-CoV-2 antibody levels 

and intensity of SARS-CoV-2-specific T cell responses 2–8 weeks after positive polymerase chain reaction. 

Results: Although increased IgG serum levels could be associated with severity of most symptoms, no 

difference in T cell response intensity between different sym ptom severities was observed for the major- 

ity of COVID-19 symptoms. However, when analyzing loss of smell or taste and cough, awareness of more 

severe symptoms was associated with reduced T cell response intensities. 

Conclusions: These data suggest that rapid virus clearance mediated by SARS-CoV-2-specific T cells pre- 

vents severe symptoms of COVID-19. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

SARS-CoV-2 induces highly variable clinical manifestations of 

OVID-19, ranging from asymptomatic infections or mild disease 

haracteristics to severe and even life-threatening courses of dis- 

ase ( García, 2020 ). Infected individuals present with a variety of 

ifferent disease sym ptoms, com prising f ever, fatigue, loss of smell 

nd taste, cough, headache, and/or dyspnea ( Li et al., 2020 ). On the

asis of the manifestations of these symptoms, patients are catego- 

ized into different disease severity groups ( Son et al., 2021 ) with 
✩ Short title: Clinical symptoms and immune responses in COVID-19 convalescent 

ndividuals 
∗ Corresponding author. 

E-mail address: annika.nelde@uni-tuebingen.de (A. Nelde) . 

t

m

f

r  

ttps://doi.org/10.1016/j.ijid.2022.04.019 

201-9712/© 2022 The Authors. Published by Elsevier Ltd on behalf of International Socie

icense ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
ost patients experiencing mild symptoms that do not require 

edical intervention or hospitalization ( Nakamichi et al., 2021 ). 

fter relief of symptoms, patients are considered to be protected 

rom reinfection for several months, mediated by the immunologi- 

al memory of the humoral and cellular immune system ( Tan et al., 

020 ). The humoral immune response (ie, SARS-CoV-2-specific an- 

ibodies) detected in convalescent individuals has led to the ap- 

roval of immune therapeutics like the REGN-COV2 antibody cock- 

ail ( Weinreich et al., 2021 ) and prophylactic vaccines, which aim 

o induce a protective immune response ( Polack et al., 2020 ). Al- 

hough most infected individuals remain asymptomatic or show 

ild symptoms and mount a potent immune response, others suf- 

er from a severe course of disease with a dysregulated immune 

eaction ( Kowalik et al., 2020 ; Krämer et al., 2021 ; Qin et al., 2020 ).
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Table 1 

Donor characteristics of COVID-19 convalescent donors. 

COVID-19 convalescent donors 

Number of donors 193 

Age (years) 

Range 18 - 79 

Mean 43.3 

SD 14 

Sex (n [%]) 

Female 91 (47) 

Male 102 (53) 

Time PCR to sample collection (d) 

Range 16 - 59 

Median 41 

n: number of donors. %: percentage of donors. SD: standard deviation. 

PCR: polymerase chain reaction. d: days. 
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 plethora of data are available regarding the characteristics of 

umoral and cellular immune responses in SARS-CoV-2-infected 

ndividuals ( Altmann and Boyton, 2020 ; Bilich et al., 2021a ; 

ilich et al., 2021b ; Brunk et al., 2021 ; Jarjour et al., 2021 ;

ared et al., 2021 ; Karlsson et al., 2020 ; Nelde et al., 2021 ;

ekine et al., 2020 ; Woldemeskel et al., 2020 ; Woodruff et al., 

020 ). Although antibody titers have been reported to be increased 

n patients with more severe COVID-19 ( Woodruff et al., 2020 ), so 

ar, little is known about the correlation of T cell responses with 

linical symptoms. T cells are not only central for immune modu- 

ation and for guiding B cells to produce antibodies, but they also 

lay an important role in virus clearance by direct killing of SARS- 

oV-2-infected cells ( Grifoni et al., 2020 ; Kared et al., 2021 ). 

Here, we studied the COVID-19 course of 193 individuals dur- 

ng asymptomatic to moderate SARS-CoV-2 infection and their as- 

ociation with SARS-CoV-2-specific antibody and T cell responses 

p to 59 days after acute infection. The documented differences in 

ymptom severity and immune response provide insights into the 

ole of T cell immunity against SARS-CoV-2 for the occurrence and 

everity of clinical symptoms. 

ethods 

onvalescents and blood samples 

Blood and serum samples as well as questionnaire-based as- 

essment of donor characteristics and disease symptoms from con- 

alescent volunteers after asymptomatic to moderate symptomatic 

ARS-CoV-2 infection (n = 193) were collected at the University 

ospital Tübingen from April to July 2020. Informed consent was 

btained in accordance with the Declaration of Helsinki protocol. 

he study was approved by and performed according to the guide- 

ines of the local ethics committees (179/2020/BO2). SARS-CoV-2 

nfection was confirmed by polymerase chain reaction (PCR) test 

fter nasopharyngeal swab. Donor recruitment was performed by 

nline and paper-based advertising (homepage, flyer). Sample col- 

ection in terms of peripheral blood mononuclear cells (PBMCs) 

nd serum was performed approximately 3–8 weeks after the end 

f symptoms and/or negative virus smear. Symptom categories 

ere determined by subjective disease symptoms (no, mild, mod- 

rate, and severe; reported by questionnaire) of individual donors. 

etailed donor characteristics and distribution of symptom sever- 

ty are provided in Tables 1 and 2 . 

 cell and antibody responses 

Data on SARS-CoV-2-specific T cell responses assessed by 

nterferon- γ (IFN- γ ) enzyme-linked immunospot (ELISpot) assay, 

nti-SARS-CoV-2 nucleocapsid antibody titers assessed by Elec- 

ys® anti-SARS-CoV-2 immunoassay (Roche Diagnostics), and anti- 

ARS-CoV-2 spike antibody titers assessed by Euroline Anti-SARS- 

oV-2® (Euroimmune) were retrieved from a previous publication 
Table 2 

Distribution of symptom severity in COVID-19 convalescent

Symptom n Symptom seve

Asymptomatic

Feel sick 193 20 (10) 

Cough 193 65 (34) 

Fever 193 88 (46) 

Sore throat 193 102 (53) 

Headache 192 46 (24) 

Loss of smell or taste 193 70 (36) 

Shortness of breath 192 132 (69) 

Fatigue 192 32 (17) 

n: number of donors. %: percentage of donors. 

188 
 Nelde et al., 2021 ). For this analysis, we considered SARS-CoV-2- 

pecific T cell response intensities against the previously described 

ARS-CoV-2-specific epitope compositions for human leukocyte 

ntigen (HLA) class I and HLA-DR. These SARS-CoV-2-specific epi- 

ope compositions were designed from immunogenic SARS-CoV-2- 

erived T cell epitopes, derived from different open reading frames, 

ncluding spike, nucleocapsid, and membrane proteins, and recog- 

ized exclusively in convalescent patients after SARS-CoV-2 infec- 

ion and not in SARS-CoV-2 unexposed individuals. The HLA class 

 and HLA-DR epitope compositions cover several different HLA 

lass I and HLA-DR allotypes, respectively, to allow for standard- 

zed evaluation and determination of intensities of SARS-CoV-2- 

pecific T cell responses. The intensity of T cell responses was mea- 

ured as mean spot counts of duplicates in the ELISpot assay nor- 

alized to 5 × 10 5 cells minus the normalized mean spot count of 

he respective negative control. 

oftware and statistical analysis 

Data are displayed as mean with standard deviation (SD), 

ox plots as median with 25th or 75th quantiles and min/max 

hiskers. Continuous data were tested for distribution and individ- 

al groups were tested using an unpaired Mann-Whitney U test or 

ruskal-Wallis test and corrected for multiple comparison, if ap- 

licable. Missing data were included in tables and in descriptive 

nalysis. Graphs were plotted using GraphPad Prism v.9.1.2. Statis- 

ical analyses were conducted using JMP Pro (SAS Institute, v.15) 

oftware. P-values < 0.05 were considered statistically significant. 

esults 

linical characteristics of COVID-19 convalescent cohort 

For this study, we analyzed clinical symptoms and SARS-CoV- 

-specific antibody and T cell response data of 193 convalescent 
 donors. 

rity – n (%) 

 Mild Moderate Severe 

39 (20) 86 (45) 48 (25) 

63 (33) 42 (22) 23 (12) 

32 (16) 52 (27) 21 (11) 

49 (25) 28 (15) 14 (7) 

47 (24) 55 (29) 44 (23) 

22 (11) 15 (8) 86 (45) 

32 (17) 26 (13) 2 (1) 

40 (21) 50 (26) 70 (36) 
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Fig. 1. Symptom severity and antibody response in COVID-19. Antinucleocapsid antibody (Ab) response (Elecsys® Anti-SARS-CoV-2 S-test) assessed in COVID-19 convalescent 

donors (n = 193) with different COVID-19 symptoms grouped according to respective symptom severities. Symptoms during COVID-19 (ie, [A] feel sick, [B] cough, [C] fever, 

[D] sore throat, [E] headache, [F] loss of smell or taste, [G] shortness of breath, and [H] fatigue) were assessed by questionnaire and grouped according to self-reported 

severity (no, mild, moderate, severe symptoms). p: p-value. Brackets mark significant p-values between two categories (Kruskal-Wallis test with Dunn correction), continuous 

lines indicate p-values between all categories (Kruskal-Wallis test). Box plots with min/max whiskers. 
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onors with an asymptomatic to moderate COVID-19 course. None 

f the donors were hospitalized, had severe/life-threatening symp- 

oms according to the World Health Organization (WHO) criteria 

 Son et al., 2021 ), or were vaccinated before SARS-CoV-2 infection. 

t is assumed that all infections were caused by the wild type of 

ARS-CoV-2, although samples were not sequenced. Antibody and 

 cell responses were assessed 16–59 days (median 40.5 days) after 

ositive PCR ( Nelde et al., 2021 ). Mean age of convalescents was 

3.3 (SD ± 14) years. The male : female ratio was nearly equally 

istributed with 1 : 1.2. As expected, subjective symptom sever- 

ty was heterogeneously distributed. The most frequent symptoms 

ere “feel sick” (93%), followed by “fatigue” (86%). A total of 6% of 

tudy participants had reported no symptoms. Individuals experi- 

ncing “loss of smell or taste” or “fatigue” graded these symptoms 

ostly severe (45% and 36% of all convalescents, respectively). In- 

erestingly, only two convalescents reported severe dyspnea ac- 

ording to questionnaire. Clinical data and details regarding distri- 

ution of severity of the respective symptom groups are presented 

n Tables 1 and 2 . 

ntibody levels and COVID-19 symptoms 

As a first step, we compared antinucleocapsid-SARS-CoV-2 an- 

ibody titers of convalescent donors ( Nelde et al., 2021 ) with 

he severity of subjective COVID-19 symptoms. In the case of 

he symptom “feel sick”, antibody titers were significantly higher 

n severe than asymptomatic, mild, and moderate cases (p-value 

.0 043, 0.0 023, and 0.044, respectively; Fig 1 A). Regarding “cough”, 

here was a tendency for higher IgG titers in convalescents expe- 
189
iencing severe symptoms than other severity grades but without 

eaching statistical significance ( Fig 1 B). Antibody titers were sig- 

ificantly higher in convalescents reporting mild, moderate, and 

evere “fever” than asymptomatic cases (p-value 0.0 0 03, < 0.0 0 01, 

nd 0.0013, respectively; Fig 1 C). Individuals with no and mild 

sore throat” had significantly higher antibody titers than individ- 

als with moderate symptoms (p-value 0.013 and 0.014, respec- 

ively; Fig 1 D). Convalescents with severe “headache” showed sig- 

ificantly higher antibody levels than convalescents with no, mild, 

r moderate symptoms (p-value 0.011, 0.049, and 0.013, respec- 

ively; Fig 1 E). In individuals reporting “loss of smell or taste”, 

gG levels were significantly higher for convalescents with se- 

ere than for those with no symptoms (p-value 0.0 0 02; Fig 1 F).

onsidering “shortness of breath”, no significant difference be- 

ween asymptomatic, mild, moderate, and severe symptoms was 

bserved ( Fig 1 G). Convalescents experiencing severe or mod- 

rate “fatigue” had significantly higher IgG levels than conva- 

escents without fatigue (p-value 0.016 and 0.026, respectively; 

ig 1 H). In addition, we compared antispike-SARS-CoV-2 antibody 

iters of convalescent donors ( Nelde et al., 2021 ) with severity 

f subjective COVID-19 symptoms. Antibody titers were signifi- 

antly higher in convalescents reporting severe manifestation of 

ll assessed symptoms than asymptomatic individuals (Supple- 

entary Fig 1). Taken together, antinucleocapsid IgG levels were 

ignificantly higher in individuals reporting severe manifestation 

f the symptoms “feel sick”, “fever”, “headache”, “loss of smell 

r taste”, and “fatigue” than in individuals without these symp- 

oms, whereas antispike antibody titers differed for all assessed 

ymptoms. 
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Table 3 

Analysis of symptoms (asymptomatic vs symptomatic convalescents) and antinucleocapsid antibody levels. 

Symptom Asymptomatic COVID-19 convalescent donors Symptomatic COVID-19 convalescent donors p-value 

n 

Mean level of 

antibodies SD n 

Mean level of 

antibodies SD 

Feel sick 20 24.70 29.26 173 37.38 35.03 0.048 

Cough 65 32.61 32.99 128 37.82 35.43 0.25 

Fever 88 23.05 28.26 105 46.97 35.81 < 0.0001 

Sore throat 102 37.21 33.12 91 34.78 36.39 0.38 

Headache 46 31.61 33.41 146 37.72 34.98 0.28 

Loss of smell/taste 70 26.38 31.88 123 41.58 35.04 0.0003 

Shortness of breath 132 34.60 35.2 60 39.88 33.32 0.11 

Fatigue 32 21.92 27.59 160 39.06 35.30 0.0023 

Symptomatic convalescent individuals reported mild, moderate or severe symptoms. n: number of donors. SD: standard deviation; 

p-values calculated with Mann-Whitney-U test. 
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 cell immunity and COVID-19 symptoms 

We compared the severity of COVID-19 symptoms with the in- 

ensity of SARS-CoV-2-specific T cell responses for HLA class I- 

nd HLA-DR-restricted T cell epitopes, assessed by IFN- γ ELISpot 

ssay using SARS-CoV-2-specific epitope compositions in PBMC 

amples of SARS-CoV-2 convalescents ( Nelde et al., 2021 ). Inten- 

ity of HLA class I and HLA-DR T cell responses did not differ 

or the severity of the symptom “feel sick” ( Fig 2 A). Convalescent 

onors with moderate “cough” had a significantly decreased inten- 

ity of T cell responses to HLA class I epitope compositions than 

onvalescents experiencing mild or no symptoms (p-value 0.0049 

nd 0.031, respectively; Fig 2 B). Of note, convalescents with mild 

cough” displayed significantly increased intensity of HLA-DR T cell 

esponses compared with asymptomatic convalescents or conva- 

escents experiencing moderate “cough” (p-value 0.014 or 0.041, 

espectively; Fig 2 B). Regarding the severity of “fever”, T cell re- 

ponses to HLA class I epitope compositions were found to be sig- 

ificantly decreased in severe compared with mild cases (p-value 

.031; Fig 2 C). This was not observed for T cell responses to HLA- 

R epitope compositions ( Fig 2 C). In individuals experiencing “sore 

hroat” and “headache”, the intensity of T cell response did not 

iffer between symptom grades for HLA class I and HLA-DR epi- 

ope compositions ( Fig 2 D and E). When grouped according to the 

everity of “loss of smell or taste”, T cell responses to HLA class 

 epitope composition were significantly decreased in severe com- 

ared with mild cases (p-value 0.031; Fig 2 F). In contrast, T cell re-

ponses to HLA-DR epitope composition were not different among 

he four categories of severity ( Fig 2 F). Intensity of HLA class I

nd HLA-DR T cell responses showed no significant difference be- 

ween symptom severity categories for “shortness of breath” and 

fatigue” ( Fig 2 G and H). Of note, when dividing the study popula- 

ion according to the time of sample collection (cut-off median: 42 

ays) into two groups, we did not observe higher HLA class I nor 

LA-DR T cell response at the earlier time point (Supplementary 

ig 2). In summary, no difference in T cell response intensity be- 

ween different symptom severities was observed for the majority 

f COVID-19 symptoms. However, for “loss of smell or taste” and 

cough”, awareness of more severe symptoms was associated with 

ower HLA class I–restricted T cell response intensities. 

lassification of symptoms and immune response 

When symptom severity was grouped in asymptomatic ver- 

us symptomatic (mild/moderate/severe), antinucleocapsid anti- 

ody titers differed significantly for “feel sick”, “fever”, “loss of 

mell or taste” and “fatigue” (p-value 0.048, < 0.0 0 01, 0.0 0 03, and 

.0023, respectively; Table 3 ). When analyzing the humoral re- 

ponse in symptomatic convalescent donors (mild versus moder- 

te/severe symptoms), no significant difference was observed for 
190 
ost symptoms except for “feel sick”, showing increased antinu- 

leocapsid antibody titers in moderate/severe cases (p-value 0.013; 

able 4 ). 

T cell responses did not differ significantly between asymp- 

omatic and symptomatic (mild/moderate/severe) participants 

 Tables 5 and 6 ). Analyzing T cell responses in symptomatic conva- 

escents (mild versus moderate/severe symptoms) revealed no sig- 

ificant difference for most symptoms ( Fig 3 ), except for “cough”

nd “loss of smell or taste” where the intensity of HLA class I T cell 

esponses was significantly decreased in moderate/severe cases (p- 

alue 0.0095 and 0.025, respectively; Fig 3 B and F). Similar results 

ere observed for the symptom “cough” regarding T cell responses 

o HLA-DR epitope compositions but failed to reach statistical sig- 

ificance ( Fig 3 B). 

iscussion 

Patients with COVID-19 present with a variety of symptoms, 

anging from asymptomatic infections or mild to severe courses of 

isease, potentially being also life-threatening and lethal ( Li et al., 

020 ; Miller and Yan, 2021 ; Qin et al., 2020 ; Zhu et al., 2020 ). Pa-

ients with severe COVID-19 according to the WHO grading scale 

 Son et al., 2021 ) have been reported to develop a potent humoral

mmune response with high antibody titers against SARS-CoV-2 

 Horton et al., 2021 ; Qin et al., 2020 ). In this study, to the best of

ur knowledge, we are the first to report the association between 

ymptom severity of subjective symptoms in 193 individuals with 

symptomatic SARS-CoV-2 infection or mild to moderate COVID- 

9 (according to WHO) ( Son et al., 2021 ) and humoral and cellular

mmune responses to SARS-CoV-2 by assessing both serum anti- 

ody titers as well as SARS-CoV-2-specific T cell responses. “Feel 

ick” and “fatigue” were the most reported symptoms in our co- 

ort, which had also been reported in other large cohort stud- 

es ( Bakılan et al., 2021 ). In line with recent data, regarding el- 

vated antispike antibody levels in severe/life-threatening COVID- 

9 in hospitalized patients ( Horton et al., 2021 ; Woodruff et al., 

020 ), we found serum antinucleocapsid antibody levels to in- 

rease with more severe COVID-19 for most symptoms and serum 

ntispike antibody levels to increase with more severe COVID-19 

or all symptoms. In contrast, T cell immune responses decreased 

r showed no difference between the severity of COVID-19 cases 

 Toor et al., 2021 ). These results indicate that the extent of the 

umoral immune response also appears to be associated with the 

everity of subjective symptoms in mild COVID-19 cases. Assess- 

ent of humoral immune responses to SARS-CoV-2 could therefore 

llow for the identification of asymptomatic individuals or patients 

ith mild COVID-19, who would profit from early vaccination after 

ecovery. This is supported by further data on SARS-CoV-2 anti- 

odies in convalescent individuals, showing a decline in antibody 

iters a few weeks to months after infection ( Bilich et al., 2021a ;
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Fig. 2. Symptom severity and intensity of SARS-CoV-2-specific T cell response in COVID-19. Intensity of SARS-CoV-2-specific HLA class I (left) and HLA-DR (right) T cell 

response in COVID-19 convalescent donors (n = 68 for HLA class I, n = 78 for HLA-DR) with different symptom severities in the course of COVID-19. Symptoms during COVID- 

19 (ie, [A] feel sick, [B] cough, [C] fever, [D] sore throat, [E] headache, [F] loss of smell or taste, [G] shortness of breath, and [H] fatigue) were assessed by questionnaire and 

grouped into four grades according to self-reported severity (no, mild, moderate, severe symptoms). p: p-value. Brackets mark significant p-values between two categories 

(Kruskal-Wallis test with Dunn correction), continuous lines indicate p-values between all categories (Kruskal-Wallis test). Box plots with min/max whiskers. 

191 
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Fig. 3. Grouped symptom severity and intensity of SARS-CoV-2-specific T cell response in COVID-19. Intensity of SARS-CoV-2-specific HLA class I (left) and HLA-DR (right) 

T cell response in symptomatic COVID-19 convalescent donors with different symptom severities (mild versus moderate/severe) in the course of COVID-19. Symptoms 

during COVID-19, such as (A) feel sick (HLA class I: mild n = 10, moderate/severe n = 54; HLA-DR: mild n = 12, moderate/severe n = 62), (B) cough (HLA class I: mild 

n = 28, moderate/severe n = 27; HLA-DR: mild n = 30, moderate/severe n = 32), (C) fever (HLA class I: mild n = 12, moderate/severe n = 29; HLA-DR: mild n = 13, 

moderate/severe n = 34), (D) sore throat (HLA class I: mild n = 19, moderate/severe n = 18; HLA-DR: mild n = 21, moderate/severe n = 21), (E) headache (HLA class I: mild 

n = 15, moderate/severe n = 38; HLA-DR: mild n = 19, moderate/severe n = 45), (F) loss of smell/taste (HLA class I: mild n = 6, moderate/severe n = 42; HLA-DR: mild 

n = 7, moderate/severe n = 48), (G) shortness of breath (HLA class I: mild n = 16, moderate/severe n = 13; HLA-DR: mild n = 17, moderate/severe n = 14), and (H) fatigue 

(HLA class I: mild n = 16, moderate/severe n = 45; HLA-DR: mild n = 17, moderate/severe n = 54) were assessed by questionnaire. Mod./Sev.: Moderate/severe; p: p-value; 

continues lines indicate p-values between all categories (Mann-Whitney U-test). Box plots with min/max whiskers. 

192 
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Table 4 

Analysis of symptoms and antinucleocapsid antibody levels in symptomatic convalescents (mild versus moderate/severe). 

Symptom COVID-19 convalescent donors with mild symptoms 

COVID-19 convalescent donors with 

moderate/severe symptoms p-value 

n 

Mean level of 

antibodies SD n 

Mean level of 

antibodies SD 

Feel sick 39 27.78 32.64 134 40.17 35.33 0.013 

Cough 63 39.14 36.46 65 36.55 34.64 0.65 

Fever 32 47.75 36.55 73 46.63 35.74 0.74 

Sore throat 49 40.92 37.97 42 27.62 33.48 0.053 

Headache 47 37.15 34.93 99 37.98 35.18 0.67 

Loss of smell/taste 22 32.43 31.04 101 43.57 35.68 0.19 

Shortness of breath 32 38.73 33.87 28 41.19 33.26 0.78 

Fatigue 40 31.00 33.44 120 41.74 35.63 0.054 

Symptomatic convalescent individuals reported mild, moderate or severe symptoms. n: number of donors. SD: standard deviation; p-values 

calculated with Mann-Whitney-U test. 

Table 5 

Analysis of symptoms (asymptomatic versus symptomatic convalescents) and HLA class I T cell response. 

Symptom Asymptomatic COVID-19 convalescent donors Symptomatic COVID-19 convalescent donors p-value 

n 

Mean T cell 

intensity SD n 

Mean T cell 

intensity SD 

Feel sick 4 307.54 146.83 64 357.51 268.06 0.82 

Cough 13 352.01 223.15 55 355.17 272.28 0.90 

Fever 27 333.67 274.35 41 368.33 256.15 0.61 

Sore throat 31 395.25 259.97 37 320.48 262.43 0.24 

Headache 15 298.81 250.99 53 370.35 265.28 0.55 

Loss of smell/taste 20 412.42 257.64 48 330.47 262.77 0.20 

Shortness of breath 39 358.69 274.22 29 349.02 249.44 0.97 

Fatigue 7 329.99 226.01 61 357.39 267.39 0.92 

Symptomatic convalescent individuals reported mild, moderate or severe symptoms. n: number of donors. SD: standard deviation; 

p-values calculated with Mann-Whitney U test. The intensity of T cell responses is depicted as mean spot counts of duplicates in the 

ELISpot assay normalized to 5 × 10 5 cells minus the normalized mean spot count of the respective negative control. 

Table 6 

Analysis of symptoms (asymptomatic versus symptomatic convalescents) and HLA-DR T cell response. 

Symptom Asymptomatic COVID-19 convalescent donors Symptomatic COVID-19 convalescent donors p-value 

n 

Mean T cell 

intensity SD n 

Mean T cell 

intensity SD 

Feel sick 4 582.00 316.70 74 745.76 450.41 0.45 

Cough 16 567.47 314.74 62 781.20 464.21 0.07 

Fever 31 648.12 347.04 47 796.22 493.19 0.24 

Sore throat 36 757.99 501.11 42 719.67 394.92 0.67 

Headache 14 728.43 482.18 64 739.31 439.84 0.68 

Loss of smell/taste 23 720.64 556.49 55 744.35 394.16 0.63 

Shortness of breath 47 688.97 392.3 31 810.72 511.72 0.30 

Fatigue 7 663.14 246.99 71 744.67 459.87 0.66 

Symptomatic convalescent individuals reported mild, moderate, or severe symptoms. n: number of donors. SD: standard deviation; 

p-values calculated with Mann-Whitney U test. The intensity of T cell responses is depicted as mean spot counts of duplicates in the 

ELISpot assay normalized to 5 × 10 5 cells minus the normalized mean spot count of the respective negative control. 
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averi et al., 2021 ; Van Elslande et al., 2021 ). Assuming a linear

ecline, patients with high antibody titers would remain seroposi- 

ive longer than those with initially lower antibody titers. This sug- 

ests that patients with asymptomatic or mild COVID-19 are more 

ikely to be earlier seronegative for SARS-CoV-2 antibodies after in- 

ection. Although antibody titers have been shown to rapidly de- 

rease after infection ( Marot et al., 2021 ), T cell responses appear 

o persist longer ( Altmann and Boyton, 2020 ; Bilich et al., 2021a )

nd, in the case of SARS-CoV-1, were still detectable up to 17 years 

fter infection ( Anderson et al., 2020 ). 

So far, the humoral immune response to SARS-CoV-2 is used 

o determine previous infection as well as antiviral immunity af- 

er vaccination ( Polack et al., 2020 ). The underlying reason for el- 

vated antibody titers in patients with severe COVID-19 is not yet 

ully understood and is considered to be the result of a more pro- 

ounced immune activation. A dysregulated immune response re- 
193
ulting in antibody-dependent enhancement (ADE) has been de- 

cribed for patients infected with SARS-CoV-1 ( Karthik et al., 2020 ; 

egro, 2020 ) and might also contribute to disease severity in 

OVID-19. 

So far, limited data have been provided on the association of T 

ell responses and COVID-19 symptoms ( Kim et al., 2021 ). Herein, 

e used previously reported data on SARS-CoV-2-specific T cell re- 

ponses against HLA class I- and HLA-DR-restricted SARS-CoV-2- 

erived epitope compositions ( Nelde et al., 2021 ) for a respective 

orrelative study. Interestingly, in contrast to humoral immune re- 

ponses, intensities of T cell responses were found to be not as- 

ociated with symptom severity or were even decreased in indi- 

iduals with worse symptoms in most cases. This held true for 

oth HLA class I- and HLA-DR-restricted T cell responses, indicat- 

ng that a broad T cell response is induced even after mild disease 

ymptoms. One might speculate that a more symptomatic disease 
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 Karthik et al., 2020 ; Negro, 2020 ), whereas early viral clearance by

 cells might protect against a worse disease course. 

A major problem of COVID-19 is the potential persistence of 

ong-term symptoms ( Huang et al., 2021 ; Mendelson et al., 2020 ), 

hich could be due to a dysregulated or overactive immune re- 

ponse. Whether intensity and characteristics of T cell or antibody 

esponses are associated with occurrence of long-term symptoms 

s yet unclear but constitutes an important question. 

Our study population represents the majority of all COVID- 

9 cases, including asymptomatic to moderate cases accord- 

ng to WHO classification ( Jiang et al., 2020 ; Liu et al., 2020 ;

ulchandani et al., 2021 ; Sattler et al., 2020 ). The severity of 

isease symptoms, however, was assessed using a questionnaire, 

hich had to be taken with caution in consideration of nonob- 

ective individual self-assessment ( Maddox and Douglass, 1973 ; 

ard et al., 2002 ). In conclusion, we showed that in contrast to 

ntibody responses, SARS-CoV-2-directed T cell responses are not 

levated in severe COVID-19 cases but are equally strong for dif- 

erent disease severities, highlighting the strength of T cell-based 

mmunity for viral clearance. 
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Musculoskeletal symptoms and related factors in postacute COVID-19 patients. 
Int J Clin Pract 2021:e14734 . 

ilich T, Nelde A, Heitmann JS, Maringer Y, Roerden M, Bauer J, et al. T cell and
antibody kinetics delineate SARS-CoV-2 peptides mediating long-term immune 

responses in COVID-19 convalescent individuals. Sci Transl Med 2021a;13(590) . 
194 
ilich T, Roerden M, Maringer Y, Nelde A, Heitmann JS, Dubbelaar ML, et al. Pre-
existing and Post-COVID-19 Immune Responses to SARS-CoV-2 in Patients with 

Cancer. Cancer Discov 2021b;11(8):1982–95 . 
runk F, Moritz A, Nelde A, Bilich T, Casadei N, Fraschka SAK, et al. SARS–

CoV-2-reactive T-cell receptors isolated from convalescent COVID-19 patients 
confer potent T-cell effector function. Eur J Immunol 2021 . 

arcía LF. Immune Response, Inflammation, and the Clinical Spectrum of COVID-19. 
Front Immunol 2020;11:1441 . 

rifoni A, Weiskopf D, Ramirez SI, Mateus J, Dan JM, Moderbacher CR, et al. Tar- 

gets of T Cell Responses to SARS-CoV-2 Coronavirus in Humans with COVID-19 
Disease and Unexposed Individuals. Cell 2020;181(7):1489–501 e15 . 

averi A, Ekström N, Solastie A, Virta C, Österlund P, Isosaari E, et al. Persistence
of neutralizing antibodies a year after SARS-CoV-2 infection in humans. Eur J 

Immunol 2021 . 
orton DB, Barrett ES, Roy J, Gennaro ML, Andrews T, Greenberg P, et al. Determi-

nants and dynamics of SARS-CoV-2 infection in a diverse population: 6-month 

evaluation of a prospective cohort study. J Infect Dis 2021 . 
uang C, Huang L, Wang Y, Li X, Ren L, Gu X, et al. 6-month consequences

of COVID-19 in patients discharged from hospital: a cohort study. Lancet 
2021;397(10270):220–32 . 

arjour NN, Masopust D, Jameson SC. T Cell Memory: Understanding COVID-19. Im- 
munity 2021;54(1):14–18 . 

iang Y, Wei X, Guan J, Qin S, Wang Z, Lu H, et al. COVID-19 pneumonia: CD8( + ) T

and NK cells are decreased in number but compensatory increased in cytotoxic 
potential. Clin Immunol 2020;218 . 

ared H, Redd AD, Bloch EM, Bonny TS, Sumatoh H, Kairi F, et al. SARS–
CoV-2-specific CD8 + T cell responses in convalescent COVID-19 individuals. J 

Clin Invest 2021;131(5) . 
arlsson AC, Humbert M, Buggert M. The known unknowns of T cell immunity to 

COVID-19. Sci Immunol 2020;5(53) . 

arthik K, Senthilkumar TMA, Udhayavel S, Raj GD. Role of antibody-dependent en- 
hancement (ADE) in the virulence of SARS-CoV-2 and its mitigation strategies 

for the development of vaccines and immunotherapies to counter COVID-19. 
Hum Vaccin Immunother 2020;16(12):3055–60 . 

im JY, Kwon JS, Bae S, Cha HH, Lim JS, Kim MC, et al. SARS-CoV-2-Specific Anti-
body and T Cell Response Kinetics According to Symptom Severity. Am J Trop 

Med Hyg 2021;105(2):395–400 . 

owalik MM, Trzonkowski P, Łasi ́nska-Kowara M, Mital A, Smiatacz T, Ja- 
guszewski M. COVID-19 - Toward a comprehensive understanding of the dis- 

ease. Cardiol J 2020;27(2):99–114 . 
rämer B, Knoll R, Bonaguro L, ToVinh M, Raabe J, Astaburuaga-García R, et al. Early

IFN- α signatures and persistent dysfunction are distinguishing features of NK 
cells in severe COVID-19. Immunity 2021. 

i LQ, Huang T, Wang YQ, Wang ZP, Liang Y, Huang TB, et al. COVID-19 patients’

clinical characteristics, discharge rate, and fatality rate of meta-analysis. J Med 
Virol 2020;92(6):577–83 . 

iu J, Li S, Liu J, Liang B, Wang X, Wang H, et al. Longitudinal characteristics of lym-
phocyte responses and cytokine profiles in the peripheral blood of SARS-CoV-2 

infected patients. EBioMedicine 2020;55 . 
addox GL, Douglass EB. Self-assessment of health: a longitudinal study of elderly 

subjects. J Health Soc Behav 1973;14(1):87–93 . 
arot S, Malet I, Leducq V, Zafilaza K, Sterlin D, Planas D, et al. Rapid decline of

neutralizing antibodies against SARS-CoV-2 among infected healthcare workers. 

Nat Commun 2021;12(1):844 . 
endelson M, Nel J, Blumberg L, Madhi SA, Dryden M, Stevens W, et al. 

Long-COVID: An evolving problem with an extensive impact. S Afr Med J 
2020;111(1):10–12 . 

iller J, Yan KS. COVID-19 Gastrointestinal Symptoms and Attenuation of the Im- 
mune Response to SARS-CoV-2. Gastroenterology 2021;160(7):2251–4 . 

ulchandani R, Lyngdoh T, Kakkar AK. Deciphering the COVID-19 cytokine storm: 

Systematic review and meta-analysis. Eur J Clin Invest 2021;51(1):e13429 . 
akamichi K, Shen JZ, Lee CS, Lee A, Roberts EA, Simonson PD, et al. Hospitaliza-

tion and mortality associated with SARS-CoV-2 viral clades in COVID-19. Sci Rep 
2021;11(1):4802 . 

egro F. Is antibody-dependent enhancement playing a role in COVID-19 pathogen- 
esis? Swiss Med Wkly 2020;150:w20249 . 

elde A, Bilich T, Heitmann JS, Maringer Y, Salih HR, Roerden M, et al. SARS–

CoV-2-derived peptides define heterologous and COVID-19-induced T cell recog- 
nition. Nat Immunol 2021;22(1):74–85 . 

olack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. 
Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med 

2020;383(27):2603–15 . 
in C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation of Immune Re-

sponse in Patients With Coronavirus 2019 (COVID-19) in Wuhan, China. Clin In- 

fect Dis 2020;71(15):762–8 . 
attler A, Angermair S, Stockmann H, Heim KM, Khadzhynov D, Treskatsch S, et al. 

SARS-CoV-2-specific T cell responses and correlations with COVID-19 patient 
predisposition. J Clin Invest 2020;130(12):6477–89 . 

ekine T, Perez-Potti A, Rivera-Ballesteros O, Strålin K, Gorin JB, Olsson A, et al. 
Robust T Cell Immunity in Convalescent Individuals with Asymptomatic or Mild 

COVID-19. Cell 2020;183(1):158–68 e14 . 

on KB, Lee TJ, Hwang SS. Disease severity classification and COVID-19 outcomes, 
Republic of Korea. Bull World Health Organ 2021;99(1):62–6 . 

an Y, Liu F, Xu X, Ling Y, Huang W, Zhu Z, et al. Durability of neutral-
izing antibodies and T-cell response post SARS-CoV-2 infection. Front Med 

2020;14(6):746–51 . 

https://doi.org/10.1016/j.ijid.2022.04.019
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0001
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0004
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0005
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0006
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0007
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0010
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0011
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0012
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0015
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0016
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0017
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0020
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0021
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0023
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0024
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0025
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0027
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0028
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0030
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0035


C.M. Tegeler, T. Bilich, Y. Maringer et al. International Journal of Infectious Diseases 120 (2022) 187–195 

T  

V  

W

W  

W

W

Z  
oor SM, Saleh R, Sasidharan Nair V, Taha RZ, Elkord E. T-cell responses and thera-
pies against SARS-CoV-2 infection. Immunology 2021;162(1):30–43 . 

an Elslande J, Oyaert M, Ailliet S, Van Ranst M, Lorent N, Vande Weygaerde Y,
et al. Longitudinal follow-up of IgG anti-nucleocapsid antibodies in SARS-CoV-2 

infected patients up to eight months after infection. J Clin Virol 2021;136 . 
ard M, Gruppen L, Regehr G. Measuring self-assessment: current state of the art. 

Adv Health Sci Educ Theory Pract 2002;7(1):63–80 . 
einreich DM, Sivapalasingam S, Norton T, Ali S, Gao H, Bhore R, et al. REGN-COV2,

a Neutralizing Antibody Cocktail, in Outpatients with Covid-19. N Engl J Med 

2021;384(3):238–51 . 
195 
oldemeskel BA, Kwaa AK, Garliss CC, Laeyendecker O, Ray SC, Blankson JN. 
Healthy donor T cell responses to common cold coronaviruses and SARS-CoV-2. 

J Clin Invest 2020;130(12):6631–8 . 
oodruff MC, Ramonell RP, Nguyen DC, Cashman KS, Saini AS, Haddad NS, et al. 

Extrafollicular B cell responses correlate with neutralizing antibodies and mor- 
bidity in COVID-19. Nat Immunol 2020;21(12):1506–16 . 

hu J, Ji P, Pang J, Zhong Z, Li H, He C, et al. Clinical characteristics of 3062
COVID-19 patients: A meta-analysis. J Med Virol 2020;92(10):1902–14 . 

http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0036
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0041
http://refhub.elsevier.com/S1201-9712(22)00219-3/sbref0042

