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Abstract 
Our understanding of the coronavirus disease-19 (COVID-19) immune response is almost exclusively derived 

from studies that examined blood. To gain insight in the pulmonary immune response we analysed BALF 

samples and paired blood samples from 17 severe COVID-19 patients. Macrophages and T cells were the most 

abundant cells in BALF. In the lungs, both CD4 and CD8 T cells were predominantly effector memory cells and 

expressed higher levels of the exhaustion marker PD-1 than in peripheral blood. Prolonged ICU stay associated 

with a reduced proportion of activated T cells in peripheral blood and even more so in BALF. T cell activation in 

blood, but not in BALF, was higher in fatal COVID-19 cases. Increased levels of inflammatory mediators were 

more pronounced in BALF than in plasma. In conclusion, the bronchoalveolar immune response in COVID-19 has 

a unique local profile that strongly differs from the immune profile in peripheral blood.   

Summary 
The bronchoalveolar immune response in severe COVID-19 strongly differs from the peripheral blood immune 

profile. Fatal COVID-19 associated with T cell activation blood, but not in BALF. 

Keywords: COVID-19, pulmonary immune response, immune cell phenotyping  

 
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 29, 2020. ; https://doi.org/10.1101/2020.10.29.360586doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.29.360586
http://creativecommons.org/licenses/by-nc-nd/4.0/


Introduction  
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes coronavirus disease 2019 (COVID-

19) and is responsible for the current pandemic. At the time of writing, 21.6 million confirmed cases with over 

767,000 deaths have been reported in 216 countries.1 The majority of infected individuals experiences no to 

mild symptoms, but 14% of infected persons develop severe and 5-6% critical life-threatening disease.
1,2

 From 

the hospitalized patients 20—30% require respiratory support in the intensive care unit (ICU), with an average 

of 6-8 weeks until clinical recovery,2 leading to an unprecedented strain on healthcare systems.1  

Using the receptor binding domain (RBD) of the spike protein, SARS-CoV-2 infects host cells to ultimately 

induce cell death by pyroptosis,
3
 the most immunogenic form of cell death that induces a strong inflammatory 

response.4 The resulting wave of pro-inflammatory cytokines recruits other immune cells, mostly monocytes 

and T cells that act to clear the infection.3,5,6 It is hypothesized that both cytotoxic and humoral adaptive 

responses are necessary to efficiently control SARS-CoV-2 infection.7 Virus-specific T cells are observed in most 

patients,
8–10

 and we previously reported that the magnitude of antigen-specific T cell responses is unrelated to 

disease severity.11 In some patients, however, excessive release of cytokines is induced, for reasons that are 

currently unknown, giving rise to a cytokine storm that leads to severe lung damage and acute respiratory 

distress syndrome (ARDS).
3,5,6

 Ultimately, in 70% of fatal cases death is caused by respiratory failure due to 

ARDS, whereas 28% of fatal cases is due to sepsis-like cytokine storm associated multi-organ failure.
12

 

Our understanding of the immune response to SARS-CoV-2 is limited by the fact that most studies until 

now have used plasma and blood cells. As characteristics of systemic immunity in ARDS differ strongly from 

responses in the bronchoalveolar compartment,13 these studies may fail to elucidate the main pathological 

feature of COVID-19: development of severe and progressive lung damage.  Bronchoalveolar lavage fluid (BALF) 

of COVID-19 patients appears to be enriched in transcripts of CCL2/MCP-1 and CCL7, chemokines involved in 

recruiting inflammatory CCR2+ monocytes.14 Inflammatory monocyte-derived macrophages were the dominant 

cell type in the lungs during severe and critical COVID-19 in a study utilizing single-cell RNA sequencing.
15

 In 

severe COVID-19 patients, these inflammatory macrophages seemed less abundant, primarily due to clonal 

expansion of CD8 tissue-resident T cells (Trm). Using bulk RNA sequencing of blood and BALF mononuclear cells 

from COVID-19 patients, another study showed striking differences in expression of some of the tested genes in 

these different body compartments.
16

 However, these studies did not allow for definitive conclusions,
15,16

 and 

reports on immune cell profiling in the lungs of COVID-19 patients based on protein expression are lacking and 

our knowledge thus remains limited regarding immunity during COVID-19 at the site of infection. Consequently, 

an urgent need still exists to further our understanding of the pulmonary immune response in COVID-19.  

The current study aimed to decipher the bronchoalveolar immune response during late-stage severe 

COVID-19 disease and to compare this with the systemic peripheral blood immune response. To this end, we 

isolated mononuclear cells from both BALF and blood of COVID-19 patients suffering from persistent ARDS. 

Combining spectral flow cytometry with measurements of soluble inflammatory mediators, we provide a 

comprehensive overview of the pulmonary and systemic immune response during late stage COVID-19.  
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Results 
Patient population 
Blood and BALF samples were obtained from 17 critically ill COVID-19 patients 1 to 31 days after a median ICU 

stay of 15 days [IQR: 9-19.5] (supplemental fig. 3A provides information on time of sampling and number of 

samples per patients). ICU mortality was 23.5% (4 of 17) and 90-day mortality 29.4% (5 of 17). Patient 

characteristics are listed in table 1. One patient used hydrocortisone prior to development of COVID-19 for 

adrenal insufficiency.  

Immune phenotyping in blood and bronchoalveolar lavage 
Paired PBMC and BALFMC samples were clustered unsupervised with overlaid colours of manual gates (Fig 1A-B) 

or staining intensity (supplemental figure 4+5 ). CD3+ T cells – taking into account their high abundance and 

plethora of subpopulations – were clustered separately throughout the manuscript to aid interpretation and 

facilitate more detailed analysis. 

In line with prior reports of lymphopenia in severe COVID-19 cases,7,19 peripheral blood lymphocyte counts were 

low: 0.88 [0.74, 1.40] x 106/L (median, IQR) (Table 1). PBMC cell frequencies were within normal ranges,20–23 

with limited variation between patients (Fig. 1C), but with CD4/CD8 ratios as high as 5 in some patients (normal 

range 1-3.6) (Fig. 1E). Cell composition in BALF, however, varied widely between patients. Macrophages and T 

cells were the most abundant and variable populations (46.7±25.0% and 42.5±23.9%; mean±SD; Fig. 1D). BALF 

CD4/CD8 ratios ranged from 0.1-2.8 and BALFMCs displayed remarkably high percentages of double-negative 

(DN) αβ T cells (8.5±6.8%) and Nδ T cells (22.2±17.7%; normal range 2-10%24) (Fig. 1G). 

The expression of lineage, activation and exhaustion markers by the different cell populations is displayed in 

heat maps (Fig 1I-J). Compared to blood monocytes, monocyte-like cells in BALFMCs (further depicted as 

Mo/MQs) had a completely different expression of molecules such as CD38, CD1c, CD141 and CD11b. Fas 

receptor (CD95) was highly expressed on all, except naïve, T cell subsets in both PBMCs and BALFMCs. CD57, a 

marker for end-stage T cell exhaustion, was expressed in PBMCs on (terminally) differentiated EM3, EM4 and 

TEMRA CD4 and CD8 T cells, while CD57 expression was low in BALFMCs, which may suggest that TEMRA CD8 T 

cells in BALF are of the functional CD57- phenotype, while in circulation exhausted CD57+ TEMRA CD8 T cells 

were present.
25

  

General inflammatory markers linked to COVID-19, (i.e. IL-6, C-X-C motif chemokine (CXCL)-10/IP-10, C-C motif 

ligand (CCL)-2/MCP-1),3,5,6 and also anti-viral IFN-α levels were significantly increased in both plasma and BALF of 

COVID-19 patients compared to healthy controls (Fig. 1K). Interestingly, levels of IL-6, CCL-2/MCP-1 and IL-10, 

but not CXCL10/IP-10, were higher in BALF than in plasma. All patients had developed an IgG antibody response 

targeting RBD of the spike protein and nucleocapsid protein (N) SARS-CoV-2 (Fig. 1K), the two dominant 

immunogenic proteins of SARS-CoV-2.11 

T cell differentiation and phenotypes in PBMCs and BALFMCs 
Differentiation of T cells using CD95, CD28, CD27, CCR7 and CD45RA (see supplementary table 2 for details) 

revealed a high prevalence of central memory CD4 T cells and terminally differentiated CD8 T cells (TEMRA) in 
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PBMCs (Fig. 2A+D). In BALFMCs however, (terminally differentiated) effector memory T cells were dominant 

wherein CD4 T cells were mainly EM2 and EM3 (Fig. 2A+D). In both plasma and BALF levels of interleukin (IL)-4, 

IL-17A and interferon (IFN)-N were all below or around detection limit (Fig. 2I+J, IFN-� below detection limit), 

precluding conclusions on T cell skewing. Granzyme B levels were highly upregulated in both plasma and BALF 

relative to values in control samples, and in patients BALF levels were higher than plasma levels (Fig. 2K). 

Effector CD8 T cells mainly had a Trm, EM4 and TEMRA phenotype. Based on CD38 and HLA-DR expression 

(gating strategy in supplemental Fig. 1+2), naïve and stem-like T cells did not show any activation (data not 

shown), while pronounced activation was observed in the other T cell subsets (Fig. 2B+E). Activated BALF T cells 

had an even higher PD-1 expression than PBMCs. Secretion of the PD-ligand 1 (soluble PD-L1) was significantly 

upregulated in both BALF and plasma of COVID-19 patients. IL-2 and IL-7, both stimulating T cell proliferation 

and differentiation,21,27 were upregulated in COVID-19 patients as compared to healthy control and IL-2 levels 

were higher in COVID-19 BALF as compared to COVID-19 plasma.  

Correlation PBMC and BALF population 
Lymphopenia is a frequently reported phenomenon in COVID-19, which may either be caused by massive T cell 

migration into the lungs or activation-induced apoptosis.
3,7,28

 If lymphopenia would be caused by massive 

migration of a specific T cell subset, relative T cell numbers and CD4/CD8 ratios in PBMCs should inversely 

correlated with BALFMCs. However, relative T cell numbers in blood and BALF did not show any correlation 

(rho= -0.01, p=0.96), while CD4/CD8 ratios correlated significantly between blood and BALF (rho=0.65, 

p=0.0071) (Fig. 3A). CD4/CD8 ratios were lower in BALF, which shows a relative higher abundance of CD8 T cells 

in BALF. To gain insight in immune cell migration and the peripheral immune system versus pulmonary, PBMC 

subsets were correlated to BALFMC subsets (Fig. 3B). When comparing PBMCs to BALFMCs, the activation status 

of peripheral CM CD4 T cells correlated positively with conventional T cells and negatively with mo/MQs in BALF 

(Fig. 3C), which may be caused by activation induced proliferation of CM CD4 T and subsequent migration, 

causing higher T cell numbers in BALF (and consequently other cells will be less abundant). Furthermore, 

peripheral Tregs negatively correlated with DN T cells in BALF, which may indicate impaired induction of Fas-

mediated T cells apoptosis by Tregs what has been shown to cause accumulation of DN T cells.
29

 

Influence of duration of ICU stay on bronchoalveolar and systemic immune responses  
To investigate the change in cellular composition of the immune system during prolonged ICU stay, samples 

were grouped according to ICU stay with a cut-off of 14 days (<14 days: n=10, 9 days [8-12.5]; >14 days: n=9, 18 

days [17-22.5]) (median [interquartile range]) (see supplemental fig. 3B). We included only one sample per 

patient in each group. Unsupervised clusters clearly showed a significant effect of ICU stay on immune cell 

composition, especially in T cells in BALF (Fig. 4). The differences in BALF T cells mainly resulted from lower 

activation of multiple T cell subsets in the ICU stay > 14 days group: CD4 EM2 (1.4±0.7% vs 14.3±4.5% of CD4 

EM2), CD4 EM3 (2.7±1.8% vs 39.1±9.6% of CD4 EM3), CD8 EM4 (3.8±3.2% vs 47.3±11.6% of CD8 EM4), CD8 

TEMRA (2.8±2.6% vs 27.7±9.8% of CD8 TEMRA) (Fig. 4D). Furthermore, conventional (i.e. αβ) T cells were less 

abundant (50.0±7.1% vs 21.5±6.6%), whereas the frequencies of alveolar macrophages, monocyte-like 
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macrophages and Nδ T cells tended to be higher after prolonged ICU stay. PBMCs isolated after >14 days ICU 

stay also exhibited an overall trend towards lower frequencies of activated T cell subsets, but the differences 

were less pronounced than in BALFMCs. Plasma levels of CXCL10/IP-10 were lower with extended ICU stay, 

while in BALF ICU stay only affected TNF-related apoptosis-inducing ligand (TRAIL) levels. IL-6, CCL-2/MCP-1, IL-

2, PD-L1 and granzyme B remained stable during extended ICU stays.  

Association of fatal COVID-19 with bronchoalveolar and systemic immune responses 
To dissect which immunological profile associates with mortality, patients were stratified according to survival 

(13 survivors and 4 non-survivors). Peripheral lymphocyte counts did not differ between survivors (0.85 [0.74, 

1.31] x 106/L) and non-survivors (1.53 [0.69, 2.77] x 106/L, p=0.40). Samples were obtained 15.5 [12.5-17] days 

or 16 [9-22) days (median [interquartile range]) after ICU admission, respectively (see supplemental fig. 3C). 

Clustering surviving and deceased patients separately revealed large differences in both CD3- and CD3+ 

unsupervised clusters of BALFMCs (Fig 5A+D). Activation of different T cell subsets in blood was increased in 

non-surviving patients as compared to surviving patients: CD4 EM4 (32.7±4.3% vs 16.1±2.9% of CD4 EM4), CD4 

EM3 (35.3±6.0% vs 18.2±2.5% of CD4 EM3) and CD8 TEMRA (31.2±6.9% vs 17.3±2.6% of CD8 TEMRA) (Fig. 5B). 

In contrast, activation of different T cells subsets in BALF tended to be reduced in non-surviving patients as 

compared to surviving patients: CD8 TEMRA (2.9±2.8% of CD8 TEMRA vs 17.3±7.6% of CD8 TEMRA), CD4 Trm 

(3.5±3.5% vs 11.8±6.0% of CD4 Trm), CD8 EM4 (12.3±11.7% vs 27.3±10.3% in CD8 EM4), and CD4 EM3 

(12.2±10.9% vs 23.3±8.3% of CD4 EM3) (Fig. 5D). Although hampered by low sample size, the frequency of 

plasmablasts and Nδ T cells tended to be reduced in BALF of fatal cases as compared to surviving cases, while 

basophils were high in some fatal cases (5.1±3.9% vs 0.6±0.1%), which may be interesting to study further given 

the strong IgA response,30 and profound complement activation in COVID-19,29 both capable of stimulating 

histamine release.
31,32

 The levels IL-6, CXCL10/IP-10, CCL2/MCP-1, anti-SARS-CoV-2 IgG antibodies, granzyme B, 

IL-2 and TRAIL were not significantly different in both plasma and BALF of non-surviving compared to surviving 

patients.   
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Discussion 
Although a tremendous global effort of the scientific community has greatly improved our 

understanding of COVID-19, the exact pathophysiology remains to be unravelled. Some studies have reported 

overactivation of the immune system, whereas others have shown T cell exhaustion, dysfunction and/or 

apoptosis.
3,7,8,10,33

 Importantly, however, these earlier investigations were restricted to immune responses in 

blood. The present study shows a highly diverse immune response in COVID-19 patients admitted to the ICU, 

with significant differences between immune cells isolated from blood and BALF. The strongest correlation 

between PBMCs and BALFMCs was the activation status of peripheral CM CD4 T cells, which positively 

correlated with conventional T cells and negatively with mo/MQs in BALF. In COVID-19 patients, proportions of 

macrophages and T cells were highly variable in BALF. When comparing BALF with blood, T cell differentiation 

was highly skewed to an effector memory phenotype with a significantly higher PD-1 expression. These results 

indicate that obtaining cells from the lungs is pivotal in order to fully understand COVID-19 pathophysiology.   

Despite previous reports of significant lymphopenia in COVID-19 patients upon admission,3,7,28,34 

lymphopenia of ICU-admitted COVID-19 patients was only mild in our study. This may have resulted from late 

sampling, as lymphocyte numbers are reported to recover in a subset of patients.34 Severe lymphopenia is 

hypothesized to be caused by activation-induced cell death or massive migration of T cells to the site of 

infection.
7
 Here we show that relative peripheral T cell numbers do not inversely correlate with relative T cell 

numbers in BALF, which renders massive migration of T cells into the lungs an unlikely explanation for 

lymphopenia in prolonged critically ill COVID-19 patients. Fas expression, which has previously been correlated 

to the extent of peripheral lymphopenia,5 was high on all T cells in blood, except naïve T cells, which suggests 

that apoptosis is a more likely cause of T cell lymphopenia in COVID-19. In line with previous reports,
7,8

 PD-1 

expression on activated peripheral blood T cells was high in our study, but it was even higher in BALFMCs, 

reaching over 95% positivity in most samples. This, combined with a lower Fas expression, may indicate that T 

cells in the bronchoalveolar space are more exhausted than those in blood, but less vulnerable to Fas-mediated 

apoptosis.  

Tissue-resident CD8 T cells (CD8 Trm) were recently associated with moderate disease, while the 

inflammatory monocyte-like macrophages (mo/MQs) were more abundant in critical cases.
15

 In the present 

study, however, we did not observe a positive correlation of CD8 Trm with survival. If anything, mo/MQs were 

lower in fatal COVID-19. There are multiple possible explanations for these diverging observations: low sample 

sizes, different clinical comparisons (i.e. disease severity in all COVID-19 patients versus mortality in critical cases 

only), and time of sampling relative to disease onset (4-10 days after hospital admission15 compared to 1-30 

days after ICU admission).  

During COVID-19 a significant differentiation of peripheral blood CD4 and CD8 T cells into an effector 

memory phenotype has been reported,35 but little is known about T cell phenotypes at the primary site of 

infection, i.e. the lungs. The present study shows that differentiation in BALF is even more skewed, with a 

striking 89.6% of CD4 and 96.1% of CD8 T cells in BALF having effector memory phenotypes. T cell activation in 
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both blood and BALF diminished with prolonged ICU stay (i.e. >14 days), which is consistent with suggestions of 

exhausted T cells in COVID-19. Remarkably however, while activation of T cells in the lungs seemed reduced in 

fatal COVID-19, peripheral T cell activation was increased, including activation of CD4 EM3 cells. These cells have 

a high cytolytic activity with corresponding high granzyme B production,36 and granzyme B was increased in both 

BALF and plasma when compared to uninfected controls. Our results show that both T cell activation and PD-1 

expression on T cells are increased during COVID-19. Increased T cell activation in peripheral circulation was 

associated with mortality, with no evidence of activation in the lungs. The contrast in T cell activation in 

surviving versus non-surviving patients could theoretically result from a systemic activation of T cells, or a failure 

of activated T cells to migrate into the lungs in fatal COVID-19 cases, but this requires further investigation.  

By investigating inflammatory markers as well as mononuclear immune cells in both peripheral blood 

and the lungs, our study provides an extensive overview of the immune response in late-stage critically COVID-

19 patients. More importantly, this in-depth comparison of the peripheral blood and pulmonary compartments 

revealed stark differences in immune responses (e.g. T cell activation) that must be taken into account when 

using peripheral blood cells as a surrogate for the entire COVID-19 immune response. Moreover, while previous 

investigations have reported on a so-called systemic cytokine-storm in COVID-19,3,5,6 our study shows that the 

BALF levels of many cytokines are higher than their plasma levels (in spite of the dilution caused by the BAL 

procedure), indicating that a local rather than systemic cytokine storm is at play during late stage COVID-19. The 

present study is limited by its relatively low sample size – due to a rapidly declining incidence of SARS-CoV-2 

infections after governmental measures were introduced – and variation in time of sampling, and these 

limitations necessitate caution when drawing conclusions. 

In conclusion, immune composition in the lungs of COVID-19 patients admitted to the ICU was 

substantially different than in peripheral blood. BALF mainly comprised macrophages and T cells, with high 

percentages of inflammatory monocyte-like macrophages and Nδ T cells especially after prolonged ICU stay. 

Both CD4 and CD8 T cells expressed higher levels of PD-1 in BALF as compared with PBMCs. Surprisingly, total 

CD8 T cell activation in BALF was lower than in peripheral blood. Reduced CD4 and CD8 T cell activation 

associated with extended ICU stay, especially in BALF, while peripheral activation of T cells (CD4 EM3 and EM4 

as well as CD8 TEMRA) associated with mortality.  
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Materials and methods 

Subjects and study approval 

The current study was part of the Amsterdam Study for DEep Phenotyping of COVID-19 disease 

(ArtDECO) 1 study, a cohort study of COVID-19 patients with persistent ARDS (mechanical 

ventilation > seven days). Per clinical protocol obtained left over biological samples were stored in 

the anonymized research Amsterdam UMC COVID-19 biobank (#2020-182). Informed consent for 

the use of samples and data was deferred until discharge from the ICU. In case of death, informed 

consent was requested from the patient’s relatives. Study procedure was approved by the Review 

Committee Biobank of the Amsterdam UMC (2020-065). All patients from whom BALF mononuclear 

cells were available were included in the present study. The study is in accordance with the 

declaration of Helsinki and adheres to Dutch regulations. Healthy controls were recruited as age-

matched controls for two explorative studies, the explorative RILCA and RILCO trials 

(NL48912.018.14 and NL53354.018.15). Healthy controls had no (history of) respiratory disease or 

comorbidities and were 18-50 (RILCA) and 40-70 years (RILCO) of age, non-allergic, non-smoking or 

ex-smokers for at least one year and had a BMI of 17-30 kg.m2. Both the RILCA and RILCO studies 

were approved by the internal IRB and participants provided written informed consent. 

Isolation of BALF, plasma, peripheral blood mononuclear cells and BALF 

mononuclear cells 

Prior to diagnostic bronchoalveolar lavage in COVID-19 patients, venous blood was drawn in EDTA 

and heparin tubes. EDTA blood was centrifuged 10 min at 1800g and supernatant plasma was 

collected and stored at -80°C. Peripheral blood mononuclear cells (PBMCs) were isolated from 

heparinized blood samples using standard Ficoll-Paque density gradient centrifugation (1000g, 

20min, 21°C). During diagnostic bronchoscopy 2 x 20 ml 0,9 % NaCl at a (sub)segmental level, each 

aspirated immediately with low suction. From this, 10ml was used for microbiological diagnostic 

purposes and the remaining (~3-20ml) was centrifuged (300g, 10min, 4°C). BALF supernatant was 

stored at -80° and cell pellet was resuspended in 2mM dithiotreitol (Sigma, Zwijndrecht, the 

Netherlands) to solubilize sputum and mucus. After 30 min at 4°C, cells were washed with 

PBS+1%BSA and mononuclear cells were isolated using Ficoll-Paque density gradient centrifugation. 

PBMCs and BALF mononuclear cells (BALFMCs) were cryopreserved in liquid nitrogen until further 

analysis. Healthy BALF was collected by instilling eight successive 20 ml aliquots of pre-warmed 

0.9% NaCl instilled at a (sub)segmental level, each aspirated immediately with low suction, 

according to the recommendations of the NHLBI and the National Institute of Allergy and Infectious 

Diseases.17 Fractions 3-8 were pooled, centrifuged for 10 minutes at 267g at 4°C and the 

supernatant was stored at -80°C till further analyses. 
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Spectral flow cytometry 

Cells were thawed and subsequently washed in IMDM+10%FCS+75U/ml DNAse (Sigma). To 

minimize day-to-day variation, all samples were thawed and stained on the same day. Next, 1 

million cells (or as many as available in case of BALFMCs) were stained with live/dead stain, and 

subsequently monoclonal antibodies added sequentially: CCR7, Nδ T cell receptor, all non-brilliant 

(ultra) violet (BV/BUV) or non-brilliant blue (BB) labelled markers and finally all BV, BUV and BB 

labelled antibodies. See supplemental table 1 for a list of all antibodies used for this staining. Cells 

were measured using a 5 laser Aurora system (Cytek Biosciences, Fremont, CA) and data analysed 

with SpectroFlo (Cytek Biosciences, Fremont, CA) and OMIQ (OMIQ Inc, Santa Clara, CA). Six of 

thirty-one BALF samples were excluded because too few viable CD45 + cells were measured (i.e. 

less than 2.000) and another five samples were excluded due to active prednisolone therapy as part 

of standard clinical care. PBMC samples were only included if a paired BALF sample was available. 

CD3+ and CD3- cells were analysed separately in each compartment and to cater for the different 

yield of viable CD45+ cells in cluster analyses, a maximum of 45.000 PBMC (both CD3+ or CD3-) and 

10.000 CD3+ and 30.000 CD3- BALFMC were included from each sample. Manual gating strategy is 

depicted in supplemental figure 1 (PBMCs) and 2 (BALFMCs) 

Measurements of soluble immunological mediators 

Cytokines and chemokines were measured using Human Magnetic Luminex Assay according to the 

manufacturer’s instructions (#LKTM014, R&D systems, MN, USA). Samples that were above the 

upper limit of quantification were set at the upper detection limit of the assay, while samples 

below detection limit were set at half of the of the lower detection limit. Anti-RBD and anti-NP IgG 

antibodies were measured in EDTA plasma samples at 100-1200 fold dilutions using ELISA as 

previously described.11 Plates were coated with RBD or N protein and specific IgG antibodies were 

detected using anti-human IgG (MH16, Sanquin). 

Statistical analysis 

To investigate the differences between PBMC and BALF, effect of ICU stay and mortality on cell 

compositions and levels of inflammatory mediators, multiple analyses were performed wherein 

unsupervised clustering with OMIQ tSNE (OmiQ)) was performed. First, frequencies of immune cell 

subset were compared between PBMCs and BALFMCs, and soluble mediators in plasma and BALF. 

To aid comparability, from each patient only one sample was included in this analysis that was 

obtained around 14 days at the ICU and before prednisolone therapy. Statistical significance of 

observed differences were tested using Kruskal-Wallis (T cell differentiation and activation in 

PBMCs vs BALFMCs), Wilcoxon signed-rank (PD-1 expression PBMC vs BALFMC) or Mann Whitney U 

test (soluble mediators). PBMC populations were associated with BALFMC populations using non-

linear regression and spearman correlations without multiple-testing correction for hypothesis 

generation. Correlations are represented using hierarchical edge bundling plot generated using the 
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circlize package in R as previously described.
18

. Second, to investigate the effect of ICU stay on cell 

compositions and inflammatory marker levels, samples were stratified in ICU stay ≤14 days and >14 

days. For patients with more than one sample available in the indicated stratification, only one 

sample was included for the analysis (≤14 days: closest to 7 days at ICU and >14 days: closest to 21 

days at ICU). Third, the association of cell composition and soluble mediators with mortality during 

ICU stay was investigated in both peripheral blood and BALF. In the second and third analyses 

statistical differences were tested using two-way ANOVA with multiple testing correction using 

Holm-Sidak (cell populations) or Mann-Whitney U test (soluble mediators). Statistical analysis was 

performed in the R statistical framework (Version 4.0.1, Vienna, Austria) or Graphad Prism v7.01 

(GraphPad Software, San Diego, California, USA). Graphical presentation was performed using 

Graphpad Prism v7.01 (GraphPad Software), Adobe Illustrator CC v22.1 (Adobe, San Jose, California, 

USA), and R (Version 4.0.1).  
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Figure legends 
Figure 1: BALF predominantly comprises T cells and monocyte-derived and alveolar macrophages. PBMCs and 

BALFMCs isolated from COVID-19 patients admitted to the ICU were measured using spectral flow cytometry 

(n=17). (A+B) unsupervised analysis using omiq is presented in optSNE plots wherein colours are applied to 

clusters after manual gating (see supplementary figures 1+2). CD3+ and CD3- negative cells are depicted in 

separate optSNE plots. The dotted line separates data obtained from PBMCs and BALFMCs (C-H) quantification 

of general immune cell populations, T cell subsets and monocyte/macrophages subsets in PBMCs and BALFMCs. 

(I-J) Expression of lineage and exhaustion markers are depicted for all cell subsets using heat maps. ICU 

mortality was observed in patient 1, 3, 8 and 16. Statistical significance of cytokine levels was tested using Mann 

Whitney test (healthy vs COVID-19) or Wilcoxon (COVID-19 plasma vs BALF). *p<0.05, ** P<0.01, *** P<0.001, 

**** P<0.0001. Abbreviations: PBMC=peripheral blood mononuclear cells, BALFMC= bronchoalveolar lavage 

fluid mononuclear cells, Treg= regulatory T cells, CM= central memory T cells, EM= effector memory T cells, 

TEMRA=RA+ effector memory T cells, SCM=stem-cell like memory T cells, DN=double negative, Trm=tissue-

resident memory T cell, MQ=macrophage, Mo/MQ=monocyte-like macrophage, Clas=classical, 

Int=intermediate, Alt=alternative, ILC=innate lymphoid cells, NK=natural killer cells, DC= dendritic cell, 

cDC=conventional DC, pDC=plasmacytoid DC, Alv=alveolar, αβ=αβ T cell receptor, Nδ=Nδ T cell receptor. 

Figure 2: BALF T cells comprise predominantly effector memory CD4 and CD8 T cells and CD8 Trm. PBMCs and 

BALFMCs isolated from COVID-19 patients admitted to the ICU were measured using spectral flow cytometry 

(n=17). T cells were phenotyped using CD27, CD28, CCR7 and CD45RA and CD95 in naïve 

(CD45RA+CD27+CD28+CD95-), stemcell-like memory (SCM; CD45RA+CD27+CD28+CD95+), effector memory-1 

(EM1) (CD45RA-CD27+CD28+CCR7-), EM2 (CD45RA-CD27-CD28+CCR7+), EM3 (CD45RA-CD27-CD28+CCR7-), EM4 

(CD45RA-CD27-CD28-CCR7-), effector memory RA+ (TEMRA; CD45RA-CD27+CD28+CCR7-), central memory (CM; 

CD45RA-CD27+CD28+CCR7+), tissue-resident memory (Trm; CD103+CD28-; only for BALFMCs) and regulatory T 

cells (Treg; CD25++CD127-; only for CD4 T cells) (A+F). Activation (i.e. HLA-DR+CD38+) is presented for different 

CD4 and CD8 T cell subsets (only for populations with >250 events) (B+F). Representation of PD-1 expression on 

different T cells subsets (C+G) in PBMC and BALFMC with concomitant quantification of total PD-1 expression 

(D+H). Levels of IL-4 (I), IL17-a (J), Granzyme B (K), IL-2 (L), IL-7 (M), IL-10 (N) and soluble PD-L1 (O) are presented 

in plasma and BALF. Box plots represent median±interquartile range. Abbreviations: PBMC=peripheral blood 

mononuclear cells, BALF= bronchoalveolar lavage fluid, DN=double negative, PD-1=programmad death-1, PD-

L1= programmed death-ligand 1, Anti-N=anti-nucleacapsid, Anti-RBD=anti-receptor binding domain of spike 

protein. Statistical significance was tested with Kruskal-Wallis (A+C+E+G), Wilcoxon (D+H, I-O: COVID-19 plasma 

vs BALF) or Mann Whitney test (I-O: healthy vs COVID-19). * p<0.05, ** P<0.01, *** P<0.001, **** P<0.0001 

Figure 3: Correlations between cell populations in PBMCs and BALFMCs. The bronchoalveolar and systemic 

immune response were compared by correlating αβ-T cells and CD4/CD8 in PBMC and BALFMC (A) and 

comparing plasma and BALF cytokine levels (B). Cytokines are ordered in ‘implicated in COVID-19 cytokine 

storm’ (IL-6, CXCL10/IP-10 and CCL2/MCP-1) and ‘anti-viral responses’ (IFN-α, IFN-β, anti-RBD IgG and anti-N 

IgG) with box plots displaying median±interquartile range. All PBMC populations obtained using manual gating 
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were correlated to BALFMC populations using spearman correlation. All significant correlations with a rho>0.6 

are depicted in a circus plot wherein red depicts a positive correlation and blue depicts a negative correlation 

and line thickness resembles the goodness-of-fit (i.e. rho) (C). The four populations with the strongest 

correlation are presented in dot plots (D). Abbreviations: PBMC=peripheral blood mononuclear cells, BALFMC= 

bronchoalveolar lavage fluid mononuclear cells, Treg= regulatory T cells, CM= central memory T cells, EM= 

effector memory T cells, TEMRA=RA+ effector memory T cells, SCM=stem-cell like memory T cells, DN=double 

negative, Trm=tissue-resident memory T cell, MQ=macrophage, Mo/MQ=monocyte-like macrophage, 

Clas=classical, Int=intermediate, Alt=alternative, ILC=innate lymphoid cells, NK=natural killer cells, DC= dendritic 

cell, cDC=conventional DC, pDC=plasmacytoid DC, Alv=alveolar, αβ=αβ T cell receptor, Nδ=Nδ T cell receptor.  

Figure 4: Influence of duration of ICU stay on bronchoalveolar and systemic immune responses. Samples were 

stratified based on moment of sampling in ≤14 days (n=8) and >14 days (n=9). Only one sample per patient was 

included in each group. Immune cell population from PBMCs (A) and BALFMCs (C) were clustered using omiq 

unsupervised clustering and presented as optSNE plots. The ten populations with biggest relative differences 

(sorted from left to right) are depicted for PBMC (B) and BALFMC (D). Cytokine levels in plasma and BALF, as 

measured using luminex, were compared ≤14 days and >14 days of ICU stay wherein box plots represent 

median±interquartile range (E). Abbreviations: PBMC=peripheral blood mononuclear cells, BALFMC= 

bronchoalveolar lavage fluid mononuclear cells, Treg= regulatory T cells, CM= central memory T cells, EM= 

effector memory T cells, TEMRA=RA+ effoctor memory T cells, Trm=tissue-resident memory T cell, 

MN=monocyte, Mo/MQ=monocyte-like macrophage, ILC=innate lymphoid cells, NK=natural killer cells, DC= 

dendritic cell, cDC=conventional DC, pDC=plasmacytoid DC, Alv=alveolar. Statistical significance was tested using 

two-way ANOVA with correction for multiple testing using Holm-Sidak (B+D) or Mann Whitney test (E). * p<0.05, 

** P<0.01, *** P<0.001, **** P<0.0001 

Figure 5: Association of fatal COVID-19 with bronchoalveolar and systemic immune responses. Samples were 

stratified based on ICU mortality (n=4 non-survivors (blue) vs n=13 survivors (red)). Only one samples per 

patient was included in each group N=. (A+C) Immune cell population from PBMCs (A) and BALFMCs (C) were 

clustered using omiq unsupervised clustering and presented as optSNE plots. (B+D) The ten populations with 

biggest relative differences (sorted from left to right) are depicted for PBMC (B) and BALFMC (D). Cytokine and 

antibody levels in plasma and BALF, as measured using Luminex and ELISA respectively, were compared in fatal 

and non-fatal COVID-19 cases and presented in box plots as median±interquartile range. (E). Abbreviations: 

PBMC=peripheral blood mononuclear cells, BALFMC= bronchoalveolar lavage fluid mononuclear cells, Treg= 

regulatory T cells, CM= central memory T cells, EM= effector memory T cells, TEMRA=RA+ effoctor memory T 

cells, Trm=tissue-resident memory T cell, MN=monocyte, Mo/MQ=monocyte-like macrophage, ILC=innate 

lymphoid cells, NK=natural killer cells, DC= dendritic cell, cDC=conventional DC, pDC=plasmacytoid DC. Statistical 

significance was tested using two-way ANOVA with correction for multiple testing using Holm-Sidak (B+D) or 

Mann Whitney test (E). * p<0.05, ** P<0.01, *** P<0.001, **** P<0.0001 
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Tables 
 

Table 1: baseline characteristics and outcome (n=17) 

Age 63.12 (10.39) 

Male sex 16 (94.1) 

Body Mass Index (BMI) 29.12 (4.85) 

Comorbidities  

Diabetes 5 (29.4) 

Chronic lung disease 4 (23.5) 

Cardiovascular disease 5 (29.4) 

Active malignancy 1 (5.9) 

No significant comorbidities 6 (35.3) 

Biochemistry and blood counts  

C-reactive protein (mg/ml) 217.00 [167.00, 334.00] 

Hemoglobin (mmol/L) 7.29 (1.10) 

Platelets (109/L) 270.00 [215.00, 326.00] 

Leukocytes (109/L)  10.42 (3.35) 

Neutrophils (109/L)  7.23 [6.15, 10.25] 

Lymphocytes (109/L) 0.88 [0.74, 1.40] 

Monocytes (109/L) 0.56 [0.36, 0.75] 

Disease severity  

SOFA 9.00 [7.00, 10.00] 

Outcome measures  

Days in ICU 31.00 [19.50, 40.50] 

ICU mortality 4 (23.5) 

90-day mortality 5 (29.4) 
 

Results are reported as n (%), mean (standard deviation) or median [range]. ICU=Intensive care unit, ARB=angiotensin receptor blocker, 

ACEI=angiotensin-converting-enzyme inhibitors. 

 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 29, 2020. ; https://doi.org/10.1101/2020.10.29.360586doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.29.360586
http://creativecommons.org/licenses/by-nc-nd/4.0/


BALFMCsPBMCsA B

C D

I J

E GF H

CD3+ CD3- CD3+ CD3-

CD3+ CD3- CD3+ CD3-

T Cells MQs ILCs Basophils NK Cells B Cells Plasmabl. pDCs cDC
0
1
2
3
4
5

20
40
60
80

100
Cell composition

%
 o

f C
D

45
+ 

liv
in

g 
ce

lls

Mo/MQs Alv MQ CD169+ 
alv MQ

0

20

40

60

80

100

Macrophages

%
 o

f m
ac

ro
ph

ag
es

CD4 CD8 DN γδ
0

20

40

60

80

T cells

%
 o

f T
 c

el
ls

αβ
CD4/CD8

0

1

2

3

4

5

R
atio

T Cells Monocytes ILCs Basophils NK Cells B Cells Plasmabl. pDCs cDC
0
1
2
3
4
5

20
40
60
80

100
Cell composition

%
 o

f C
D

45
+ 

liv
in

g 
ce

lls

Classical Intermediate Alternative
0

20

40

60

80

100

Monocytes

%
 o

f m
on

oc
yt

es

CD4 CD8 DN γδ
0

20

40

60

80

T cells

%
 o

f T
 c

el
ls

αβ

CD4/CD8
0

1

2

3

4

5

R
atio

optSNE2

op
tS

N
E1

optSNE2

op
tS

N
E1

TReg
CD4+ CM
CD4+ EM1
CD4+ EM2
CD4+ EM3

CD4+ TEMRA
CD4+ Naive
CD4+ SCM

DN T cells
ƴδ T cells

CD8+ CM
CD8+ EM1
CD8+ EM2
CD8+ EM3

CD8+ TEMRA
CD8+ Naive
CD8+ SCM

Clas. MN
Int MN
Alt MN

Basophils
ILCs

Early NK
Mature NK

Terminal NK
Plasmablast
IgG+ B cells
IgM+ B cells

IgM-IgG- B cells

cDC1
cDC2
pDCs

CD4+ EM4

CD8+ EM4
DC4

optSNE2

op
tS

N
E1

op
tS

N
E1

optSNE2

TReg
CD4+ CM
CD4+ EM1
CD4+ EM2
CD4+ EM3

CD4+ TEMRA
CD4+ Naive
CD4+ SCM

DN T cells

CD8+ Trm

ƴδ T cells

CD8+ CM
CD8+ EM1
CD8+ EM2
CD8+ EM3

CD8+ TEMRA
CD8+ Naive
CD8+ SCM

Clas. Mo/MQ
Int. Mo/MQ
Alt. Mo/MQ

Basophils
ILCs

Early NK
Mature NK

Terminal NK

CD169+ MQ
Alv. MQ

Plasmablast
IgG+ B cells
IgM+ B cells

IgM-IgG- B cells

cDC1
cDC2
pDCs

DC4

CD4+ EM4

CD8+ EM4

CD4+ Trm

row min row max

C
D

3
C

D
4

C
D

8
C

D
45

R
A

C
D

27
C

C
R

7
C

D
28

C
D

95
C

D
57

C
D

10
3

C
D

12
7

C
D

25
TC

R
gd

TReg
CD4+ CM

CD4+ EM1
CD4+ EM2
CD4+ EM3

CD4+ TEMRA
CD4+ Naive
CD4+ SCM

ƴδ T cells
DN T cells

CD8+ CM
CD8+ EM1
CD8+ EM2
CD8+ EM3

CD8+ TEMRA
CD8+ Naive
CD8+ SCM

CD4+ EM4

CD8+ EM4

H
LA

-D
R

C
D

19
C

D
38

Ig
M

Ig
G

C
D

12
7

C
D

56
C

D
16

C
D

14
C

D
11

c
C

D
1c

C
D

14
1

C
D

16
3

C
D

16
9

C
D

11
b

C
D

20
6

AF

Classical MN
Intermediate MN

Alternative MN
Basophils

ILCs
Early NK

Mature NK
Terminal NK
Plasmablast
IgG+ B cells
IgM+ B cells

IgM-IgG- B cells

cDC1
cDC2
pDCs

DC4

C
D

12
3

C
D

3
C

D
4

C
D

8
C

D
45

R
A

C
D

27
C

C
R

7
C

D
28

C
D

95
C

D
57

C
D

10
3

C
D

12
7

C
D

25
TC

R
gd

TReg
CD4+ CM

CD4+ EM1
CD4+ EM2
CD4+ EM3

CD4+ TEMRA
CD4+ Naive
CD4+ SCM

ƴδ T cells

CD8+ Trm

DN T cells

CD8+ CM
CD8+ EM1
CD8+ EM2
CD8+ EM3

CD8+ TEMRA
CD8+ Naive
CD8+ SCM

CD4+ EM4

CD8+ EM4

CD4+ Trm

H
LA

-D
R

C
D

19
C

D
38

Ig
M

Ig
G

C
D

12
7

C
D

56
C

D
16

C
D

14
C

D
11

c
C

D
1c

C
D

14
1

C
D

16
3

C
D

16
9

C
D

11
b

C
D

20
6

AF

Clas. Mo/MQ
Int. Mo/MQ
Alt. Mo/MQ

Basophils
ILCs

Early NK
Mature NK

Terminal NK

CD169+ MQ
Alveolar MQ

Plasmablast
IgG+ B cells
IgM+ B cells

IgM-IgG- B cells

cDC1
cDC2
pDCs

DC4

C
D

12
3

Cytokines implicated in COVID-19 ‘cytokine storm’

*******

    1

   10

  100

 1000

10000

Plasma BALF

IL−6

******

    1

   10

  100

 1000

10000

Plasma BALF

IP−10

*******

   10

  100

 1000

10000

Plasma BALF

MCP−1

******

  100

 1000

10000

Plasma BALF

IL−10
******* **

 1

 3

10

Plasma BALF

IFN−ß

**

 1

 3

10

Plasma BALF

IFN−α

****

   1

  10

 100

1000

Plasma

Anti−N IgG

Anti-viral response

***

  1

 10

100

Plasma

Anti−RBD IgG

Healthy control

Covid−19

pt 7

pt 14

pt 17
pt 3

pt 1 pt 20

pt 19

pt 22
pt 23

pt 15
pt 16

pt 13

pt 5

pt 21

pt 29pt 18

pt 2

K

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 29, 2020. ; https://doi.org/10.1101/2020.10.29.360586doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.29.360586
http://creativecommons.org/licenses/by-nc-nd/4.0/


PBMCs BALFMCs
0

20

40

60

80

100

CD4 T cells

%
 o

f C
D

4 
ce

lls
****

PBMCs BALFMCs
0

20

40

60

80

100

120 CD8  T cells

%
 o

f C
D

8 
ce

lls

****

TEMRA
CM
EM1
EM2
EM3
RM

PD-1

PD-1

TEMRA
CM
EM1
EM2
EM3
RM

Naive
EM1
EM2
EM3
EM4
CM

Trm

TEMRA
SCM
TRegs

CD4 T cell activation

CD8 T cell activation

CD8: PD-1

CD4: PD-1A C

E G

D

H

B

F

I J K L M N

To
o 

fe
w

 e
ve

nt
s

To
o 

fe
w

 e
ve

nt
s

total EM1 EM2 EM3 EM4 CM  TEMRA Tregs Trm
0

20

40

60

80

100

%
H

LA
D

R
+C

D
38

+ 
of

 p
ar

en
t

* **

PBMC BALFMC
0

20

40

60

80

100

%
 P

D
-1

+ 
of

 a
ct

iv
at

ed
 C

D
4 

T 
ce

lls

**

total EM1 EM2 EM3 EM4 CM TEMRA Trm
0

20

40

60

80

100
%

H
LA

D
R

+C
D

38
+ 

of
 p

ar
en

t ns* ns**

PBMC BALFMC
0

20

40

60

80

100

 PD
-1

+ 
of

 a
ct

iv
at

ed
 C

D
8 

T 
ce

lls

******

PBMCs
BALFMCs

PBMC

BALFMC

PBMC

BALFMC

*****

 0.1

 1.0

10.0

Plasma BALF

IL−7

*****

 0.1

 1.0

10.0

Plasma BALF

IL−2

0.1

0.3

1.0

3.0

Plasma BALF

IL−4

*****

 10

 30

100

300

Plasma BALF

PD−L1

 1

 3

10

Plasma BALF

IL−17A

******

   1

  10

 100

1000

Plasma BALF

Granzyme B
******* ***

Healthy control
Covid−19

O
*******

   0.1

   1.0

  10.0

 100.0

1000.0

Plasma BALF

TRAIL
****

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 29, 2020. ; https://doi.org/10.1101/2020.10.29.360586doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.29.360586
http://creativecommons.org/licenses/by-nc-nd/4.0/


0 1 2 3
0

1

2

3

4

5
CD4/8 ratio

BALFMC
PB

M
C

rho=0.65
p=0.0071

0 20 40 60 80
0

20

40

60

80
αβ-T cells

% of total (BALFMC)

%
 o

f t
ot

al
 (P

BM
C

)

rho= -0.01
p=0.96

BALFMCs

PBMCs

T cells

CD4T cells

CD4memory

CD4 EM

CD8T cellsC
D

8

m
em

ory

C
D

8 
EM

B 
ce

lls

NK ce
lls

ILCBasophils
Monocytes

DCs

MΦ

T cells

CD4 T cells

CD4 memory

CD4 EM

CD8 

T cells

C
D

8

m
em

ory

C
D

8 
EM

B 
ce

lls

NK ce
lls

ILC
Basophils

Monocytes

DCs

conv
DN
gd
Tregs

NaiveTcells
CMTrmTrm aSCMTEMRAEM1EM2EM2a

EM3EM3a

EM4Tcells
Naive

CMCM
a

SC
M

TEM
R

A
Trm
Trm

 a

EM
1

EM
1aEM

2
EM

2a
EM

3
EM

3a
EM

4
EM

4a

Bc
el

lsDNIg
GIg
MPb

NKea
rly

matu
re

ter
mina

lILCsBasoph
AltClasIntMN

cDC1cDC2DC4pDCS
aMF

aMF/169

conv
DN
gd

Tregs

Naive
Tcells

CM
CMa
SCM

TEMRA

TEMRAa

EM1

EM1a

EM2
EM2a
EM3

EM
3a

EM
4

EM
4a

Tcells
Naive
C

M
C

M
a

SC
M

TEM
R

A
TEM

R
Aa EM

1
EM

1a
EM

2
EM

2a
EM

3
EM

3a
EM

4
EM

4a
Bc

el
ls

DNIg
G

IgMPb
NK

ea
rly

mature

term
inal

ILCs

Basoph

Alt
Clas
Int
MN

cDC1
cDC2
DC4
pDCS

0.6

0.8

0.7

-0.6

-0.8

-0.7

rho

0 20 40 60 80
0

5

10

15

20

CM CD4 vs T cells

αβ T cells (% of total BALFMC)

Ac
tiv

at
io

n 
of

 C
D

4 
C

M
 (%

 o
f C

D
4 

C
M

 P
BM

C
)

rho= 0.81
p=0.0002

0 20 40 60
0

2

4

6

8

10

Treg vs DN T cells

DN T cells (% of T cells BALFMC)

Tr
eg

 (%
 o

f C
D

4 
T 

ce
lls

 P
BM

C
)

rho= 0.72
p=0.0016

0 20 40 60 80
0

5

10

15

20

CM CD4 - Mo-MQs

monocyte-like cells (% of total BALFMC)

Ac
tiv

at
io

n 
of

 C
D

4 
C

M
 (%

 o
f C

D
4 

C
M

 P
BM

C
)

rho= -0.76
p=0.0007

BA

C

0 2 4 6 8 10
0

5

10

15

20

CM CD4 - NK cells

NK cells (% of total BALFMC)

Ac
tiv

at
io

n 
of

 C
D

4 
C

M
 (%

 o
f C

D
4 

C
M

 P
BM

C
) rho= 0.71

p=0.0020

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 29, 2020. ; https://doi.org/10.1101/2020.10.29.360586doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.29.360586
http://creativecommons.org/licenses/by-nc-nd/4.0/


optSNE2

op
tS

N
E1

TReg

CD4+ Memory

CD4+ Naive

CD8+ Memory

CD8+

Naive

Clas. MN

Basophils

ILCs

NK

B cells

Alt. MN

ICU stay <14 days ICU stay >14 days

PBMC
CD3+

PBMC
CD3-

Mo/MQ

Alveolar
Macrophages

Basophils

NK

B cells

cDCs

pDCs

TReg

CD4+

Memory

CD8+

Memory

CD8
Trm

CD4
Trm

Overlay

optSNE2

op
tS

N
E1

ICU stay <14 days ICU stay >14 days

BALF
CD3+

BALF
CD3-

Overlay

CD8 EM

CD4 
EM

PD-L1+
Mo/MQ

IgG+IgM+ 
NK cells 

Plasma-
blasts

   1

  10

 100

1000

Plasma BALF

Granzyme B

 3

10

30

Plasma BALF

IL−2

   10

  100

 1000

10000

Plasma BALF

IL−6

*

  300

 1000

 3000

10000

Plasma BALF

IL−10
*

    1

   10

  100

 1000

10000

Plasma BALF

IP−10

  100

 1000

10000

Plasma BALF

MCP−1

 30

100

300

Plasma BALF

PD−L1

*

  10

 100

1000

Plasma BALF

TRAIL

Cytokines implicated in COVID-19 ‘cytokine storm’ T cell functionality markers

A B

E

C D

< 14 days

> 14 days

CD4E
M4

Act.
 of

 C
D4C

M

CD8E
M3

CD8E
M2

CD8E
M4

Act.
 of

 C
D4E

M1

Act.
 of

 C
D4E

M2
B ce

lls
Treg

s

Bas
op

hil
s

0

10

20

30 PBMCs

%
 o

f p
ar

en
t

*

Act.
 of

 C
D4R

Trm

Plas
mab

las
ts

Act.
 of

 C
D4E

M3

Act.
 of

 C
D8E

M4

Act.
 of

 C
D4E

M2

Act.
 of

 C
D8T

EMRA

Bas
op

hil
ls

αβ
T ce

lls

alv
. M

Q

mo-M
Q

γδ
 T ce

lls
0

20

40

60

BALFMCs

%
 o

f p
ar

en
t

≤14 days
>14 days

**** **** * **

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 29, 2020. ; https://doi.org/10.1101/2020.10.29.360586doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.29.360586
http://creativecommons.org/licenses/by-nc-nd/4.0/


optSNE2

op
tS

N
E1

CD4+ Memory

CD4+ Naive

CD8+

Naive

Clas. MN

Basophils

ILCs

NK

B cells

Alt. MN

Non-surivors Survivors

PBMC
CD3+

PBMC
CD3-

Mo/MQ

Alveolar
Macrophages

NK

B cells

cDCs

pDCs

PD-L1+
Mo/MQ

Basophils

TReg

CD4+

Memory

CD8+

Memory

CD8+

Trm
CD4
Trm

Overlay

optSNE2

op
tS

N
E1

BALF
CD3+

BALF
CD3-

CD8 EM3

CD8 TEMRA

CD8 EM

CD4 EM

ƴδ
T cells

 100

 300

1000

Plasma

Anti−N IgG

 30

100

300

Plasma

Anti−RBD IgG

  10

 100

1000

Plasma BALF

TRAIL

  100

 1000

10000

Plasma BALF

MCP−1

   10

  100

 1000

10000

Plasma BALF

IL−6

 3

10

30

Plasma BALF

IL−2

   1

  10

 100

1000

Plasma BALF

Granzyme B

Plasma-
blasts

IgG+IgM+ 
NK cells 

CD4+ TEMRA

Non-survivors
Survivors

CD4T
EMRA

Act.
 of

 C
D4E

M3

Act.
 of

 C
D4E

M4

Act.
 of

 C
D4T

EMRA

Act.
 of

 C
D8T

EMRA

CD8E
M2

B ce
lls

CD8E
M3

DC4

Act.
 of

 C
D8C

M
0
1

10

20

30

40

50
** ** *

PBMCs

%
 o

f p
ar

en
t

Plas
mab

las
ts

CD4C
M

Bas
op

hil
s

Act.
 of

 C
D8T

EMRA

Act.
 of

 C
D4T

rm

CD4 T
rm

Act.
 of

 C
D8E

M4

Mo-M
Q

γδ
 T ce

lls

Act.
 of

 C
D4E

M3
0
1

10

20

30

40 BALFMCs

%
 o

f p
ar

en
t

    1

   10

  100

 1000

10000

Plasma BALF

IP−10

Cytokines implicated in COVID-19 ‘cytokine storm’ T cell functionality markersAnti-corona antibody response

A B

E

C DNon-surivors Survivors Overlay

 30

100

300

Plasma BALF

PD−L1

Non-survivors

Survivors

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 29, 2020. ; https://doi.org/10.1101/2020.10.29.360586doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.29.360586
http://creativecommons.org/licenses/by-nc-nd/4.0/

