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 18
Abstract:19
Severe COVID-19 is characterized by persistent lung inflammation, inflammatory cytokine production, viral RNA, 20
and sustained interferon (IFN) response all of which are recapitulated and required for pathology in the SARS-21
CoV-2 infected MISTRG6-hACE2 humanized mouse model of COVID-19 with a human immune system1-20. 22
Blocking either viral replication with Remdesivir21-23 or the downstream IFN stimulated cascade with anti-IFNAR2 23
in vivo in the chronic stages of disease attenuated the overactive immune-inflammatory response, especially 24
inflammatory macrophages. Here, we show SARS-CoV-2 infection and replication in lung-resident human 25
macrophages is a critical driver of disease. In response to infection mediated by CD16 and ACE2 receptors, 26
human macrophages activate inflammasomes, release IL-1 and IL-18 and undergo pyroptosis thereby 27
contributing to the hyperinflammatory state of the lungs. Inflammasome activation and its accompanying 28
inflammatory response is necessary for lung inflammation, as inhibition of the NLRP3 inflammasome pathway 29
reverses chronic lung pathology. Remarkably, this same blockade of inflammasome activation leads to the 30
release of infectious virus by the infected macrophages. Thus, inflammasomes oppose host infection by SARS-31
CoV-2 by production of inflammatory cytokines and suicide by pyroptosis to prevent a productive viral cycle. 32
 33
Introduction:34
Acute SARS-CoV-2 infection resolves in most patients but becomes chronic and sometimes deadly in about 10-35
20%1-7,14-16,20,24-27. Two hallmarks of severe COVID-19 are a sustained interferon (IFN) response and viral RNA 36
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persisting for months1-18,20,24-28. This chronicity is recapitulated in SARS-CoV-2 infected MISTRG6-hACE2 37
humanized mice19. Copious interleukin (IL)-1 , IL-18 and lactate dehydrogenase (LDH) correlate with COVID-38
19 severity in patients, suggesting a role for inflammasome activation and pyroptosis in pathology5-7,14-18,29. Here, 39
we show that human lung macrophages are infected by SARS-CoV-2. Replicating SARS-CoV-2 in these human 40
macrophages activates inflammasomes and initiates an inflammatory cascade with a unique transcriptome, 41
results in pyroptosis, and contributes to the downstream type-I-IFN response. Blocking either viral replication, 42
the downstream IFN response or inflammasome activation in vivo during the chronic phase of the disease 43
attenuates many aspects of the overactive immune-inflammatory response, especially the inflammatory 44
macrophage response, and disease. 45
 46
Results:47
Viral replication and the IFN response48
Chronic interferon is associated with disease severity and impaired recovery in influenza infection30. To test 49
whether a viral RNA-dependent type-I IFN response was a driver of chronic disease, we treated SARS-CoV-2 50
infected MISTRG6-hACE2 mice with Remdesivir21-23 and/or anti-IFNAR2 antibody (Fig. 1a) to inhibit viral 51
replication and the IFN-response downstream of chronic infection, respectively. As control, we used 52
dexamethasone, which reverses many aspects of immunopathology in infected MISTRG6-hACE2 mice19 and in 53
patients31. Although Remdesivir and anti-IFNAR2 alone were partially therapeutic, combined therapy achieved 54
more rapid weight recovery and suppression of the immune inflammatory response, especially macrophages, 55
as effectively as dexamethasone (Fig. 1b-c, Extended data Fig. 1a-f), suggesting a combinatorial effect of 56
Remdesivir and anti-IFNAR2 in chronic infection. 57

We assessed the impact of therapeutics on the lung transcriptome. Both dexamethasone and the 58
combined therapy reversed overactive immune transcripts to uninfected animal levels (Fig. 1d, Extended data 59
Fig. 2a, b Table S1). The reduced transcripts were enriched for chemokine and cytokine networks (CXCL10, 60
CXCL8, CCL2), inflammatory (TLR7, NLRP3, CASP1) and anti-viral (MPO, OAS1, OAS2) response, and 61
interferon stimulated genes (ISGs) (IFITM3, IFITM2, IRF7) (Table S1, Extended data Fig. 2c, d), emphasizing 62
the central role of IFN signaling and inflammatory cytokine-chemokines in chronic COVID-19. Comparison of 63
single-cell transcriptomes of human immune cells from infected mice with their uninfected counterparts (Fig. 1e,-64
g, Extended data Fig. 2e) showed tissue-resident macrophages, such as alveolar macrophages (AMs), activated 65
at the peak of infection, followed by an inflammatory response with infiltrating monocytes and monocyte-derived 66
macrophages (Fig. 1g, Extended data figure 3a-c, Table S2). As macrophages differentiated, they maintained 67
their inflammatory signature and activated status throughout infection (Extended data Fig.3a-c, Table S2). All 68
macrophage subsets were enriched for ISGs at all timepoints (Extended data Fig. 3c). These ISGs were 69
suppressed upon anti-IFNAR2/Remdesivir combination therapy (Fig. 1h, Extended data Fig. 4, Table S3). Yet, 70
key anti-viral responses such as IFNG primarily produced by cytotoxic T cells were spared (Extended data Fig. 71
5a), highlighting the selective effects of combined anti-IFNAR2/Remdesivir therapy on chronic COVID-19 72
pathology. Consistent with the fibrosis, seen both in patients32-36 and humanized mice19, alveolar self-renewal 73
and differentiation programs were inhibited, resulting in the accumulation of pre-alveolar type 1 transitional cell 74
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state (PATS) program in pneumocytes7,37-39 that was reversed in infected MISTRG6-hACE2 mice by anti-75
IFNAR2/Remdesivir combination therapy, restoring self-renewal and differentiation programs (Extended data 76
Fig. 5b). Overall, reducing chronic inflammation enhanced lung tissue recovery, and prevented transition to 77
fibrosis seen in humanized mice19 (and humans32-36) (Fig. 1i, Extended data Fig. 5c). 78
 79
SARSCoV2 replicates in human macrophages 80
To determine the cellular source of persistent viral RNA and replication, we measured genomic (gRNA) and 81
subgenomic viral RNA (sgRNA)40 in lung tissue or in sorted lung epithelial cells or human immune cells from 82
infected MISTRG6-hACE2 mice (Extended Data Fig. 6a-d). Surprisingly, epithelial cells and human immune cells 83
had similar levels of viral RNA (Extended Data Fig. 6d). Although gRNA was abundant, we could not discern 84
sgRNA in either cell type. We tracked infected cells in MISTRG6-hACE2 mice using a reporter strain of virus, 85
SARS-CoV-2-mNG41, which encodes the fluorescent protein mNG in infected cells. By this assay, most epithelial 86
cells in bronchioalveolar lavage (BAL) but only few total lung epithelial cells were infected with SARS-CoV-2 87
(Extended Data Fig. 6e). Strikingly, human macrophages were strongly mNG positive throughout disease (Fig. 88
2a, Extended Data Fig. 6f,g). No mouse immune cells expressed mNG (Fig. 2a, Extended Data Fig. 6f). To 89
address whether the SARS-CoV-2 viral RNA replicates in these cells or is acquired by phagocytosis, we 90
measured the mNG signal in human macrophages from infected MISTRG6 mice untransduced with hACE2. In 91
these mice, epithelial cells were not infected or infected poorly with SARS-CoV-219,42 (Extended Data Fig. 6h). 92
These mice had, however, similar levels of mNG+ human macrophages as AAV-hACE2 mice, suggesting viral 93
uptake by macrophages is independent of infected epithelial cells (Extended Data Fig. 6i). To determine whether 94
SARS-CoV-2 replicates in human macrophages, we quantified gRNA and sgRNA40 in mNG+ vs mNG- epithelial 95
or human immune cells at 4dpi or 14dpi (Extended data Fig. 6j). Only mNG+ , not mNG-, epithelial and immune 96
cells had sgRNA (Fig. 2b). Second, we stained for dsRNA, diagnostic of viral replication (Fig. 2c). As expected, 97
mNG and dsRNA were detected/colocalized in human macrophages (Fig. 2c, Extended data Fig. 7a). Third, we 98
detected viral RdRp in human macrophages, which colocalized with a viral Spike protein supporting specificity 99
(Fig. 2d, Extended data figure 7b, 8a-c). Viral RdRp and Spike were also present in human macrophages of 100
human autopsy lungs with SARS-CoV-2 pneumonia (Extended Data Fig. 9). Thus, the mouse model 101
observations reflected human disease. Remdesivir reduced the mNG signal and viral titers by the same amount 102
in infected MISTRG6-hACE2 mice (Fig. 2e, Extended Data Fig. 10a). Thus, SARS CoV-2 appeared to replicate 103
in human immune cells. 104
 105
SARS-CoV-2 infects via ACE2 and CD16 106
The ACE2 receptor utilized by SARS-CoV-2 to infect lung epithelium can be expressed in macrophages43. We 107
measured ACE2 expression by flow cytometry and immunofluorescence staining in mouse epithelial cells and 108
human lung macrophages (Extended Data Fig. 10b-f). Human lung macrophages from both MISTRG6 and 109
MISTRG6-hACE2 mice, but only epithelial cells from MISTRG6-hACE2 mice expressed human ACE2 (Extended 110
Data Fig. 10b-e). Interestingly, ACE2 expression was higher in both infected (mNG+) human macrophages and 111
epithelial cells (Extended Data Fig. 10b-e). We treated SARS-CoV-2 infected MISTRG6 mice with a blocking 112
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antibody against human ACE2. In these mice only, SARS-CoV-2 infects epithelial cells poorly19,42 as the mice 113
did not receive AAV-ACE2 and only human macrophages express human ACE2 (Extended Data Fig. 6h). ACE2 114
blockade significantly diminished infected human macrophages (Fig 2f), suggesting ACE2 can mediate viral 115
entry in human lung macrophages. 116
 117
Antibodies can also mediate viral uptake by macrophages (e.g., Dengue virus44). To test the role of antibody-118
mediated viral entry to macrophages, we treated infected mice with monoclonal antibodies (mAb)45 against 119
SARS-CoV-2-Spike protein early (35hpi) when effects of endogenous antibodies are minimal or late (7dpi) 120
(Extended Data Fig. 10g). Indeed, mAb treatments increased infected lung macrophages (Fig. 2g, Extended 121
Data Fig. 10h). Immune cells express a wide range of surface Fc  receptors (Fc Rs) which interact with the Fc 122
moiety of antibodies. These interactions lead to multiple protective or pathological effector functions44,46. COVID-123
19 severity correlates with high serum IgG levels and specific IgG-Fc structures and interactions47-49. One such 124
Fc-interaction is mediated by CD16, expressed at high levels in mNG+ macrophages. We treated mice early 125
(2dpi, low antibody levels) as proof of concept, or late (7dpi and 11dpi, high antibody levels) as a possible 126
therapeutic with anti-CD16 antibody. Anti-viral antibody levels in lung tissue were sufficient to mediate viral 127
uptake and positively correlated with mNG levels at 4dpi (Extended Data Fig. 10g, i). With dosing optimized, 128
CD16 blockade which did not alter distribution of macrophages, however resulted in significantly fewer infected 129
human macrophages at both timepoints (Fig. 2h and Extended Data Fig. 10j). 130
 131
To elucidate whether viral replication products are the result of bona-fide infection, we cultured bone-marrow 132
derived macrophages (BMDM) with SARS-CoV-2 in vitro. Indeed, SARS-CoV-2 were taken up by BMDM and 133
replicated in these cells as measured by mNG signal (Extended data Fig. 10k) and high levels of sgRNA 134
(Extended data Fig. 10l). This was true for multiple types of macrophages (Extended data Fig. 10m). As in vivo, 135
in vitro macrophage infection enhanced by antibodies (convalescent plasma or mAbs) was reduced by CD16, 136
ACE2, or RdRp blockade (Extended data Fig. 10n,o). SgRNA levels in these macrophages were also reduced 137
by these treatments (Extended data Fig. 10l), further supporting a role for both ACE2 and CD16 in viral uptake 138
and RdRp in viral replication. SARS-CoV-2 infection in human macrophages was not productive or produced 139
very little as indicated by undetectable infectious virus, titered in culture, from sorted immune cells from infected 140
mice at 4dpi and in vitro infected macrophages at 48hpi (Extended data Fig. 10p-r). 141
 142
Transcriptome of infected macrophages 143
We next determined the consequences of infection of human macrophages by SARS-CoV-2. Infected 144
macrophages preferentially produced CXCL10, a chemokine which recruits many types of immune cells (Fig. 145
3a), but not TNF. Like mNG positivity itself, CXCL10 production by human macrophages was also enhanced by 146
antibodies and inhibited by Remdesivir, also reflected in serum levels and in vitro (Fig. 3b,c, Extended data Fig. 147
11a-c). Thus, we used CXCL10 as a proxy for SARS-CoV-2-infected macrophages and determined a unique 148
transcriptional signature enriched for genes encoded by tissue-resident macrophages, in particular AMs50 149
(APOC1, MRC1, ALOX5AP, FABP5, INHBA), chemokines of interstitial macrophages (CCL18, CCL3, CCL7, 150
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CCL8, CCL20, CXCL8), inflammatory cytokines (IL1A, IL18, IL27), complement genes (C1QA, C1QB) and ISGs 151
(ISG20, IFI27) (Fig. 3d, Extended data Fig. 11d,e, 12a,b, Table S4). Further flow cytometric characterization of 152
mNG+ cells also confirmed enrichment for CD16+ AMs, which produced more CXCL10 (Fig. 3e, Extended data 153
Fig. 12c). In line with our findings, CD14hiCD16hi cells and AMs enriched with viral RNA in autopsy lungs of 154
COVID-19 patients7,20 also had distinct transcriptomes which were largely recapitulated in what we construe as 155
CXCL10-associated genes (CXCL11, CCL18, CCL8, ISG15, CD83). Interestingly, this strong network of 156
CXCL10 specific gene signature was no longer restricted to AMs later in infection as different macrophage 157
subsets continuously differentiate, evident in high IL7R expression by developing lung macrophages50 158
(CXCL10+ and AM) at all timepoints (Fig. 1g, 3d, Extended data Fig. 12d). 159
 160
SARS-CoV-2 activates inflammasomes 161
Morphological analysis of sorted mNG+ cells revealed the appearance of membrane bubbles, a characteristic of 162
pyroptosis and prompted us to investigate inflammasome activation as part of the inflammatory cascade initiated 163
by infection. Inflammasomes are dynamic multiprotein complexes in which specific NOD-like receptors (NLRs) 164
and adaptor molecules are assembled to activate caspases, the central effector proteins. We sorted mNG+ and 165
mNG- human immune cells, mNG+ epithelial cells, and mouse immune cells (Extended data Fig. 6j) and assayed 166
for sensors, adaptors, and effectors of the inflammasome pathway. First, focusing on adaptor molecule 167
apoptosis-associated speck-like protein containing a CARD (ASC) as the common adaptor molecule with a 168
pivotal role in inflammasome assembly and activation, we found that infected (mNG+) human cells exclusively 169
showed significant inflammasome activation, quantified by ASC speck formation (Fig.3f, Extended Data Fig. 170
13a,b). ASC specks co-localized with both NLRP3 and active caspase-1 (visualized by fluorochrome-labeled 171
inhibitor of caspases assay (FLICA)) (Fig 3f, g, Extended Data Fig. 13a-d). Inflammasome activation in infected 172
human macrophages was sustained during disease (4-14dpi; Fig 3f,g, Extended Data Fig. 13c). 173

174
Once inflammasome complexes are formed, active caspase-1 cleaves and proteolytically activates the pro-175
inflammatory IL1-family cytokines, IL-1  and IL-18, typically elevated and characteristic of severe COVID-19 in 176
patients. IL-18 levels in blood and lungs were significantly elevated in SARS-CoV-2 infected mice and correlated 177
well with proportions of infected (mNG+) macrophages (Fig. 3h, Extended Data Fig. 13e). Although IL-1  levels 178
in serum in vivo were not detectable, we measured IL-1RA. This specific receptor antagonist, induced by IL-1 , 179
served as a proxy of IL-1  and it paralleled enhanced IL-18 levels and correlated with mNG+ cells (Fig 3h, 180
Extended Data Fig. 13f). 181
 182
Finally, we assayed for pyroptosis by detecting LDH and gasdermin D (GSDMD) in serum. GSDMD, a substrate 183
of active caspase-1 and pore-forming executer of pyroptosis, and LDH, released by pyroptosis, were particularly 184
enriched in serum of infected mice at late timepoints (14dpi-Fig.3h, Extended Data Fig. 13g), further supporting 185
continuous inflammasome activation during infection. In addition, infected lung macrophages showed higher 186
incorporation of a small fixable dye (Zombie Aqua) that enters dying cells with a compromised cell membrane, 187
consistent with the pore-forming function of GSDMD and pyroptosis (Extended Data Fig. 13h). 188
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 189
All aspects of inflammasome activation were also recapitulated in vitro when BMDM were infected in vitro with 190
SARS-CoV-2. Active caspase-1 in infected BMDM was dependent on viral replication was inhibited by 191
Remdesivir (Extended Data Fig. 13i). High levels of inflammasome products IL-18, IL-1 , and IL-1RA (in 192
response to IL-1 ) and two measures of pyroptosis, GSDMD and LDH, were detected at high levels in 193
supernatants of infected BMDM were also inhibited by remdesivir (Extended data Fig. 13j-n). In vitro infected 194
cells also had higher incorporation of Zombie-Aqua consistent with pyroptosis (Extended Data Fig. 13o). 195
 196
Infection impacts macrophage response 197
To determine the role of viral infection on the inflammatory macrophage response, we first blocked viral entry 198
and replication in vivo and measured inflammatory cytokines and chemokines. Blocking viral entry (CD16 or 199
ACE2 blockade) or inhibiting viral replication (Remdesivir) all reduced IL-18, IL-1RA, and CXCL10 levels, 200
paralleling mNG levels (Fig 3i, Extended Data Fig. 14a-e). Depletion of CD16+ cells in vivo (Extended Data Fig. 201
14f,g) resulted in complete loss of IL-18 and IL-1RA in serum consistent with the concept that viral replication 202
and inflammasome activation occurred mainly in myeloid cells (Fig 3i). On the other hand, mAbs which promoted 203
viral infection of human macrophages (Fig. 2g, Extended data Fig. 10h) enhanced systemic IL-18, IL-1RA, and 204
CXCL10 particularly in early disease (Extended Data Fig. 14h-k). Nonetheless, despite changes in levels of the 205
inflammatory cytokines and chemokines, neither mAbs nor CD16 blockade impacted lung pathology potentially 206
because of the conflicting role of these antibodies on viral titers vs. inflammation (Extended Data Fig. 14l, m). In 207
line with the in vivo studies, IL-18, IL-1 , IL-1RA, and CXCL10 levels were also reduced in supernatants of in 208
vitro infected BMDM upon CD16, ACE2 or RdRp inhibition, again paralleling the reduced viral replication inferred 209
from mNG levels (Extended Data Fig. 10o, 14n-q). 210
 211
Inflammasome inhibition in COVID-19 212
Finally, to assess the causal role of NLRP3 and caspase-1 activation in inflammasome mediated inflammation 213
and disease, we treated mice with caspase-1 and NLRP3 inhibitors (Fig.4a). As expected, the proportion of 214
infected cells did not diminish, but the inflammatory profile of these cells and other lung macrophages was 215
drastically attenuated (Fig. 4b). In inhibitor treated mice, mNG+ cells produced less CXCL10 which was also 216
reflected in reduced serum levels (Fig. 4c, Extended Data Fig. 15a-c). Lung macrophages (mNG-) also produced 217
less TNF (Fig. 4c, Extended Data Fig. 15a). Overall, inhibitor treated mice had lower levels of caspase-1 218
activation, IL-18, IL-1RA and GSDMD levels (Fig. 4d-g). The cumulative decrease in proinflammatory cytokines 219
and chemokines upon inflammasome inhibition reversed the immune-pathological state of the lung, measured 220
by scoring of lung histopathology (Fig. 4h). Inflammasome inhibition reduced immune cell infiltration and 221
enhanced tissue recovery to homeostasis in lungs despite persistently high levels of mNG+ human immune cells 222
in lungs. 223
 224
Caspase-1 and NLRP3 inhibitors blocked inflammasomes in vitro but did not impact macrophage infection, 225
measured as mNG+ macrophage frequency, and reduced the inflammatory response to infection (Extended 226
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Data Fig. 15d). All parameters of inflammasome activation: active caspase-1, IL-1 , IL-18, GSDMD and LDH 227
were significantly reduced upon caspase-1 and NLRP3 inhibition in vitro (Extended Data Fig. 15e-i). Consistent 228
with decreased pyroptosis, inflammasome blockade significantly reduced Zombie Aqua positive cells (Extended 229
Data Fig. 15j). As seen in vivo, in-vitro infected BM macrophages produced less CXCL10 and IL-1RA (Extended 230
Data Fig. 15k,l). 231
 232
Finally, we tested whether inflammasome activation translated to any changes in infectious virus levels. We 233
therefore first measured viral titers in lungs of caspase-1 inhibitor treated mice. Indeed, caspase-1 treated mice 234
had higher viral load at 14dpi in vivo (Extended Data Fig. 15m). Given that, reduced inflammatory response could 235
result in deficient viral clearance, we infected macrophages in vitro and treated them with caspase-1 or NLRP3 236
inhibitors to test the direct effect of inflammasome activation on infectious virus. Analysis of supernatants of 237
these cultures showed that inhibitor treated cells produce substantially higher amounts of virus than the 238
uninhibited controls (Fig. 4i, Extended Data Fig. 15n). Thus, the activation of inflammasomes in infected 239
macrophages plays two protective functions- attenuates virus production and signals infection to the immune 240
system by releasing inflammatory cues to recruit and activate more immune cells at the site of infection. 241
 242
Overall, these findings suggest that infection of macrophages by SARS-CoV-2 activates inflammasomes and 243
drives pyroptosis. Pyroptosis interrupts the viral replication cycle and prevents viral amplification; in parallel it 244
releases immune cell activators and recruiters. Viral RNA/PAMPs and proinflammatory cytokines released from 245
these cells likely shape the hyperinflammatory macrophage response sustained by infiltrating monocytes and 246
MDMs and drive immunopathology. 247
 248
Discussion:249
The MISTRG6 COVID-19 model faithfully reflects many of the chronic immunoinflammatory features of the 250
human disease such as chronic viral RNA, IFN-response, and inflammatory state in macrophages19. Overall, our 251
mechanistic study of this model defines a cascade of events, which initiates with infection of lung macrophages 252
generating replicative intermediates and products including RdRp, dsRNA, sgRNA. SARS-CoV-2 replication 253
activates an inflammatory program with activation of inflammasomes, production, and release of inflammatory 254
cytokines and chemokines, and pyroptosis. We established all steps of inflammasome activation by visualizing 255
ASC oligomerization, colocalization with active caspase-1 and NLRP3, maturation of inflammasome-mediated 256
cytokines IL-1  and IL-18, and pyroptosis assayed by GSDMD and LDH release. Inhibitors of both caspase-1 257
and NLRP3 blocked the downstream aspects of inflammasome activation and the inflammatory cascade both in258
vivo and in vitro. More importantly, targeting inflammasome mediated hyperinflammation or combined targeting 259
of viral replication and the downstream interferon response in the chronic phase of the disease prevented 260
immunopathology associated with chronic SARS-CoV-2 infection in vivo. 261
 262
Unlike epithelial cells, infected macrophages produce little virus. Strikingly however, inhibition of the 263
inflammasome pathway led to a substantial increase in infectious virus produced by infected macrophages; 264
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though the degree these macrophages contribute, if at all, to high titers of virus production is unclear. 265
Remarkably, inflammasome activation denies the virus the opportunity to replicate productively in these sentinel 266
immune cells, and instead broadcasts inflammatory signals which inform the immune system of the infectious 267
menace. While this is potentially beneficial, excessive inflammation that occurs through this mechanism coupled 268
with the dysregulated interferon response may be the key factor which leads to the excessive inflammation that 269
typifies chronic COVID-192,5,51-54. Indeed, attenuation of the inflammasome in vivo blocks the inflammatory 270
infiltrates in the lungs of infected mice in vivo. We speculate that, by contrast, an early interferon response, as 271
may occur in the majority of patients who rapidly clear infection, and in the acute mouse models of infection 272
where human immune cells that can be infected are not present, leads to viral elimination before this 273
inflammatory chain reaction can occur. 274
 275
Viral RNA and particles can be detected by a variety of innate immune sensors. Inflammasome sensor NLRP3 276
is both upregulated and activated by replicating SARS-CoV-2. NLRP3 inflammasome can directly sense viral 277
replication/RNA or can rely on other viral RNA sensors like MDA5 or RIG-I55-57. Loss of IL-18/IL-1  production 278
upon Remdesivir treatment in our studies strongly suggest viral replication is involved. Recent reports have 279
also identified a possible role for NLRP3 driven inflammasome activation in SARS-CoV-2 infected myeloid cells 280
in post-mortem tissue samples and PBMC58 . Although many candidates have been proposed (lytic cell death 281
upon infection, N protein59, ORF3A60), the exact mechanism of NLRP3 activation is still poorly understood29. 282
Activation of other NLRs may also contribute to the process, as inhibition of caspase-1 was stronger than 283
NLRP3 alone. Finally, there may be other mechanisms that enhance SARS-CoV-2 infection or the downstream 284
inflammatory response in human macrophages that are unexplored here. 285

286
A role for inflammasome driven hyperinflammation in COVID-19 pathophysiology in patients is now recognized 287
5-7,14-18. Targeting inflammasome pathways in patients may provide alternative therapeutic options for resolving 288
chronicity in COVID-19. However, the increased virus production seen upon inflammasome blockade could 289
pose a significant risk to the benefit of wholesale inhibition of the pathway. The findings from our study and its 290
implications provide alternative therapeutic avenues to be explored in the clinic and may guide novel 291
therapeutic developments and prompt clinical trials to investigate combinatorial therapies that target viral RNA, 292
inflammasome activation or its products and sustained IFN response. 293
 294
Data Availability 295
All data that support the findings of this study are available within the paper, its supplementary Information 296
files, and source files. All 10x Genomics single cell RNA sequencing and bulk RNA sequencing data that 297
support the findings of this study are deposited in the Gene Expression Omnibus (GEO) repository with 298
accession codes GSE186794 and GSE199272. 299
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Materials and Methods 412

Mice413

MISTRG6 was generated by the R. Flavell laboratory by combining mice generated by this lab, the 414

laboratory of Markus Manz and Regeneron Pharmaceuticals based on the Rag2-/- IL2rg-/-129xBalb/c 415

background supplemented with genes for human M-CSF, IL-3, SIRP , thrombopoietin, GM-CSF and 416

IL-6 knocked into their respective mouse loci61,62. MISTRG6 mice are deposited in Jackson 417

Laboratories and made available to academic, non-profit, and governmental institutions under a Yale-418

Regeneron material transfer agreement (already approved and agreed to by all parties). Instructions 419

on obtaining the material transfer agreement for this mouse strain will be available along with strain 420

information and upon request. CD1 strain of mice acquired from Charles River Laboratories were used 421

for cross-fostering of MISTRG6 pups upon birth to stabilize healthy microbiota. All mice were 422

maintained under specific pathogen free conditions in our animal facilities (either Biosafety Level 1, 2 423

or 3) under our Animal Studies Committee-approved protocol. Unconstituted MISTRG6 mice were 424

maintained with cycling treatment with enrofloxacin in the drinking water (Baytril, 0.27 mg/ml). All animal 425

experimentations were performed in compliance with Yale Institutional Animal Care and Use 426

Committee protocols. For SARS-CoV-2–infected mice, all procedures were performed in a Biosafety 427

Level 3 (BSL-3) facility with approval from the Yale Institutional Animal Care and Use Committee and 428

Yale Environmental Health and Safety. 429

 430

Transplantation of human CD34+ hematopoietic progenitor cells into mice 431

Fetal liver samples were cut in small fragments, treated for 45 min at 37 °C with collagenase D (Roche, 432

200 g/ml), and prepared into a cell suspension. Human CD34+ cells were purified by performing 433

density gradient centrifugation (Lymphocyte Separation Medium, MP Biomedicals), followed by positive 434

immunomagnetic selection with EasySep™ Human CD34 Positive Selection Kit (StemCell). For intra-435

hepatic engraftment, newborn 1–3-day-old pups were injected with 20,000 fetal liver CD34+ cells in 20 436

l of PBS into the liver with a 22-gauge needle (Hamilton Company). All use of human materials was 437

approved by the Yale University Human Investigation Committee. 438

 439

AAV-hACE2 administration 440

AAV9 encoding hACE219,63 was purchased from Vector Biolabs (AAV9-CMV-hACE2). Animals were 441

anaesthetized using isoflurane. The rostral neck was shaved and disinfected. A 5-mm incision was 442

made, and the trachea was visualized. Using a 32-G insulin syringe, a 50-μl injection dose of 1011 443

genomic copies per milliliter of AAV-CMV-hACE2 was injected into the trachea. The incision was closed 444
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with 4–0 Vicryl suture and/or 3M Vetbond tissue adhesive. Following administration of analgesic 445

animals were placed in a heated cage until full recovery. Mice were then moved to BSL-3 facilities for 446

acclimation. 447

 448

In vivo SARS-CoV-2 infection 449

SARS-CoV-2 isolate USA-WA1/2020 was obtained from BEI reagent repository. SARS-CoV-2 mNG 450

was obtained from Dr. P.Y. Shi (UTMB)41. All infection experiments were performed in a BSL-3 facility, 451

licensed by the State of Connecticut and Yale University. Mice were anesthetized using 20% vol/vol 452

isoflurane diluted in propylene glycol. Using a pipette, 50 μl of SARS-CoV-2-WA1 or SARS-CoV-2-453

mNG (1-3x106 PFU) was delivered intranasally. 454

455

Therapeutics456

SARS-CoV-2 infected MISTRG6-hACE2 were treated intraperitoneally daily with dexamethasone at 457

10mg/kg for 3 days starting at 7dpi. Mice were treated subcutaneously with Remdesivir at 25mg/kg 458

dosing as has been previously described22 for 3 consecutive days starting at 7dpi (Fig. 1) or 1dpi (Fig. 459

2- for human macrophage infection studies mice were treated twice, daily). Mice were treated with anti-460

IFNAR2 antibody at 1.5mg/kg dosing on days 7 and 11 post infection. Weight changes post-infection 461

were plotted as percent change compared with pre-infection weight. 462

 463

Infected MISTRG6-hACE2 mice were treated with two different clones of anti-human CD16 antibodies. 464

For CD16 blockade experiments, mice were treated with anti-CD16 (Abcam, clone SP175) antibody 465

early and late. For early CD16 blockade studies mice were treated with anti-CD16 antibody at 2dpi with 466

a single dose (20μg per mouse) and euthanized at 4dpi. For late CD16 blockade studies mice were 467

treated with anti-CD16 antibody at 7dpi and 11dpi and euthanized at 14dpi. For depletion experiments 468

mice were treated with anti-CD16 (ThermoFisher, clone 3G8) antibody with a daily dose of 20μg for 3 469

days starting 1dpi. Rabbit IgG, monoclonal [EPR25A] Isotype Control (ab172730) and Mouse IgG1 470

kappa Isotype Control (P3.6.2.8.1) were used. 471

 472

Infected MISTRG6 (without AAV-hACE2) mice were treated with monoclonal antibody against human 473

ACE2 (clone MM0073-11A31, Abcam-ab89111) for 3 days i.p. with a daily dose of 20μg starting at 474

1dpi. In these mice only, epithelial cells were not infected or infected poorly with SARS-CoV-2 with 475

undetectable titers using standard plaque assays19 presumably due to differences between mouse 476

and human ACE2 that limit viral entry and replication42. Mouse IgG2 Isotype was used as control. 477
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 478

Infected MISTRG6-hACE2 mice received a mixed cocktail of monoclonal antibodies clone 135 (m135) 479

and clone 144 (m144) at 20mg/kg at 35hpi or 7dpi. Monoclonal recombinant antibodies (mAbs) used 480

in this study were cloned from the convalescent patients (whose plasma was used for in vitro studies 481

infecting BMDM) and had high neutralizing activity against SARS-CoV-2 in vitro and in vivo in mouse 482

adapted SARS-CoV-2 infection and ancestral stain of SARS-CoV-2/WA119,45,64. 483

 484

For NLRP3 inhibitor experiments, Infected MISTRG6-hACE2 mice were treated with MCC950 (R&D 485

Systems) at a dose of 8 mg/kg intraperitoneally on days 6, 8, 10,12- post infection and euthanized on 486

day 1465-67. For caspase-1 inhibitor experiments, infected MISTRG6-hACE2 mice treated with VX-765 487

(Invivogen) at a dose of 8 mg/kg on days 6, 8, 10,12 post infection and euthanized on day 1467. Control 488

infected mice were treated with PBS. 489

490

Viral titers 491

Mice were euthanized in 100% isoflurane. Approximately half of the right lung lobe was placed in a 492

bead homogenizer tube with 1 ml of DMEM+2% FBS. After homogenization, 300 l of this mixture 493

was placed in 1mL Trizol (Invitrogen) for RNA extraction and analysis. Remaining volume of lung 494

homogenates was cleared of debris by centrifugation (3,900 g for 10 min). Infectious titers of SARS-495

CoV-2 were determined by plaque assay in Vero E6 (standard) or Vero ACE2+TMPRSS2+ 496

(sensitive) cells in DMEM 4% FBS, and 0.6% Avicel RC-58168. Plaques were resolved at 48 hours 497

after infection by fixing in 10% formaldehyde for 1 hour followed by staining for 1 hour in 0.5% crystal 498

violet in 20% ethanol. Plates were rinsed in water to visualize plaques. Multiple dilutions of lung 499

homogenates were used to quantify Infectious titers (minimum number of plaques that can be 500

quantified= 10 per ml of lung homogenate or ml of supernatant). Viral titers from supernatants of 501

bone-marrow derived macrophage cultures were determined by plaque assay in Vero 502

ACE2+TMPRSS2+ (sensitive) cells following the same protocols described for lung homogenates. 503

VERO C1008 (Vero 76, clone E6, Vero E6) were obtained from ATCC. Vero ACE2+ TMPRSS2+ cells 504

were obtained from B. Graham (NIAID). None of the cell lines were authenticated or tested for 505

mycoplasma contamination. 506

507

Viral RNA analysis 508

RNA was extracted with the RNeasy mini kit (Qiagen) per the manufacturer’s protocol. SARS-CoV-2 509

RNA levels were quantified using the Luna Universal Probe Onestep RT-qPCR kit (New England 510
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Biolabs) and US CDC real-time RT-PCR primer/probe sets for 2019-nCoV_N1. For each sample, 1 μg 511

of RNA was used. Subgenomic viral RNA was quantified using primer and probe sets targeting E gene 512

as has been previously described40,69. The primer-probe sequences were as follows: E_Sarbeco_F 513

primer: ACAGGTACGTTAATAGTTAATAGCGT (400 nM per reaction). E_Sarbeco probe _P1: FAM-514

ACACTAGCCATCCTTACTGCGCTTCG-BBQ (200nM per reaction); E_Sarbeco_R primer 515

ATATTGCAGCAGTACGCACACA (400 nM per reaction); E leader specific primer sgLead-F: 516

CGATCTCTTGTAGATCTGTTCTC (400 nM per reaction). 517

 518

Histology and immunofluorescence519

Yale pathology kindly provided assistance with embedding, sectioning of lung tissue. A pulmonary 520

pathologist reviewed the slides blinded and identified immune cell infiltration and other related 521

pathologies. Paraffin embedded lung tissue (fixed in 4% paraformaldehyde for no more than 24 hours) 522

sections were deparaffinized in xylene and rehydrated. After antigen retrieval with 10 mM Sodium 523

Citrate pH 6 and permeabilization with 0.1% Triton-X for 10 min the slides were blocked with 5% BSA 524

in PBS with 0.05% Tween 20 for an hour. Then the samples were stained with primary antibodies 525

against SARS-CoV-2-dsRNA; SARS-CoV2-RNA-dependent RNA Polymerase, SARS-CoV-2-Spike, 526

human CD68, human ACE2 their isotype controls diluted in 1%BSA overnight at 2-8 °C. The next day, 527

the samples were washed and incubated with fluorescent secondary antibodies. After washes, samples 528

were treated with TrueBlack lipofuscin autofluorescence quencher for 30 seconds and mounted on 529

DAPI mounting media (Sigma). Images were acquired using Keyence BZ-X800 Fluorescence 530

Microscope or Nikon ECLIPSE Ti Series Confocal Microscope. Pseudo-colors were assigned for 531

visualization. 532

 533

Isolation of cells and flow cytometry 534

All mice were analyzed at approximately 9-14 weeks of age. Single cell suspensions were prepared 535

from blood, spleen, bronchioalveolar lavage (BAL) and lung. Mice were euthanized with 100% 536

isoflurane. BAL was performed using standard methods with a 22G Catheter (BD). Blood was collected 537

either retro-orbitally or via cardiac puncture following euthanasia. BAL was performed using standard 538

methods with a 22G Catheter (BD)70. Lungs were harvested, minced, and incubated in a digestion 539

cocktail containing 1 mg/ml collagenase D (Sigma) and 30 μg/ml DNase I (Sigma-Aldrich) in RPMI at 540

37°C for 20 min with gentle shaking. Tissue was then filtered through a 70 or 100-μm filter. Cells were 541

treated with ammonium- chloride-potassium buffer and resuspended in PBS with 1% FBS. 542

Mononuclear cells were incubated at 4°C with human (BD) and mouse (BioxCell, BE0307) Fc block for 543
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10 min. After washing, primary antibody staining was performed at 4°C for 20 min. After washing with 544

PBS, cells were fixed using 4% paraformaldehyde. For intracellular staining, cells were washed with 545

BD permeabilization buffer and stained in the same buffer for 45 min at room temperature. Samples 546

were analyzed on an LSRII flow cytometer (BD Biosciences). Data were analyzed using FlowJo 547

software. 548

 549

For cell sorting experiments, single cell suspensions from digested lungs were stained with antibodies 550

against human CD45, mouse CD45, mouse EPCAM and sorted using BD FACS Aria II which is 551

contained in a Baker BioProtect IV Biological Safety Cabinet. Cell viability was assessed with DAPI 552

when applicable. 553

 554

For imaging flow cytometry, cells from SARS-CoV-2 infected humanized mice were sorted based on: 555

human immune cells (hCD45+); mouse immune cells (mCD45+) or epithelial mouse cells (EPCAM+). 556

A- mNG+ epithelial cells (SARS-CoV-2-mNG+ mCD45(PE)- EPCAM(APC)+ hCD45(PB)-; B-total 557

mouse immune cells (mCD45(PE)+ EPCAM(APC)- hCD45(PB-); C- mNG+ human immune cells 558

(SARS-CoV-2-mNG+ mCD45(PE)- EPCAM(APC)- hCD45(PB)+); D- mNG- human immune cells 559

(SARS-CoV-2-mNG- mCD45(PE)-EPCAM(APC)- hCD45(PB)+). These sorted cells (epithelial or 560

immune cells) were fixed in 4% paraformaldehyde (PFA) for at least 30 minutes.  Fixed sorted cells 561

(epithelial or immune cells) were permeabilized, stained with unconjugated primary antibodies for ASC 562

(1:200, rabbit), NLRP3 (1:200, goat), then stained with secondary antibodies (donkey anti-rabbit or goat 563

conjugated with AlexaFluor 546 or 647, at 1:1000). Cells data were acquired using an ImageStream X 564

MKII (Amnis) with 63X magnification and analyzed using Ideas software (Amnis). ASC, NLRP3 specks 565

were gated and quantified based on fluorophore intensity/max pixels. For FLICA-Caspase1 566

colocalization, macrophages were pretreated with FLICA prior to sorting. 567

568

In vitro infection with SARS-CoV-2 569

Using aseptic techniques under sterile conditions, bone marrow cells were isolated from femurs of 570

reconstituted MISTRG6 mice. For differentiation into macrophages, bone marrow cells were incubated 571

in media supplemented with 10% FBS, 1% penicillin/streptomycin and recombinant human M-CSF 572

(50ng/ml), GM-CSF (50ng/ml) and IL-4 (20ng/ml) at 1x106 per ml concentration for 6 days in 5% CO2 573

incubator at 37°C. Media supplemented with 10% FBS was replenished with new media every 3–4 574

days. Prior to infection, cells were monitored for granularity, elongated morphology, and stronger 575

adherence to the plate. Human macrophages were then cultured with SARS-CoV-2-mNG in presence 576

or absence of COVID patient plasma, healthy plasma, monoclonal antibodies (mix of clones 135 and 577

ACCELE
RATED ARTIC

LE
 PREVIEW



144, described as therapeutics), Remdesivir, anti-CD16 antibody, anti-ACE2 antibody, control isotype 578

antibody, caspase-1 inhibitor (VX-76571) or NLRP3 inhibitor (MCC950). 579

 580

Ex vivo lung macrophage cultures: To enrich for human macrophages and monocytes, lung cells from 581

uninfected MISTRG6 mice were sorted based on CD11B and human CD45 expression. These cells 582

were then incubated with GM-CSF and IL-4 for 48 hours to mature macrophages. Non-adherent cells 583

were aspirated prior to culturing with SARS-CoV-2. 584

 585

Bone-marrow derived macrophages (BMDM) in vitro or lung macrophages ex vivo were cultured with 586

a viral inoculum at 10^4 PFU of SARS-CoV-2-mNG (~ MOI=0.1). These macrophage cultures were 587

then incubated at 37 C, 5% CO2 for 24, 48 and 72 hours at which time cells were harvested. Cells were 588

dissociated from culture plate with 10 mM EDTA or Accutase (ThermoFisher) cell dissociation reagent 589

(10-20 minutes). For studies pertaining to the mechanism of viral entry, viral replication and 590

inflammasome activation, infected macrophages were treated with Remdesivir (10uM), anti-CD16 591

(Abcam clone, 10μg/ml) and anti-ACE2 (10 μg/ml), caspase-1 inhibitor (VX765, 20μM) and NLRP3 592

inhibitor (MCC950, 20μg/ml) in culture. Cells were stained when applicable and fixed for 30 min with 593

4% PFA. Convalescent plasma samples from the top 30 neutralizers in a cohort of 148 individuals were 594

pooled to create a mixture with an NT50 titer of 1597 against HIV-1 pseudotyped with SARS-CoV-2 S 595

protein45. We used this pooled serum at a concentration of 5μl-plasma/ml for in vitro experiments and 596

refer to it as COVID patient plasma. Healthy plasma was collected from healthy volunteers and pooled 597

prior to COVID-19 pandemic and used at a concentration of 5μl-plasma/ml. Monoclonal antibodies (a 598

mix of clones 135 and 144) were used at 4 μg per ml concentration. 599

 600

Zombie Aqua and Annexin V staining 601

Single cell suspension from in vitro cultures or enzymatically dissociated lungs were washed and 602

stained for viability with Zombie Aqua ((Biolegend- 423101) in PBS (1:400) for 15 min at 4°C. Without 603

washing the cells, cell surface antibody cocktail was added, and cells were incubated for another 15 604

minutes. Cells were then washed with PBS twice and resuspended in Annexin V binding buffer. Cells 605

were stained with Annexin V PE (1:400) in binding buffer for 15 min at 4°C. Cells were then washed 606

with Annexin V buffer and fixed in 4% PFA. 607
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FLICA assay 609

Single cell suspension from in vitro cultures or enzymatically dissociated lungs were resuspended in 610

RPMI 10% FBS with FLICA substrate (BioRad-FLICA 660 caspase-1 kit- ICT9122) and cultured for 611

1h (for microscopy) or 30 min (for flow cytometry) at 37°C. Cells were then washed twice with PBS 612

and stained with Zombie Aqua and Annexin V as described. Cells were then fixed with 1x Fixative 613

(provided in BioRad-FLICA caspase-1 kit) for at least 1 hour not exceeding 16 hours. Cells were kept 614

at 4°C until further staining and analysis. FLICA 660 caspase-1 kit uses a target sequence (YVAD) 615

sandwiched between a far-red fluorescent 660 dye (excitation max 660nm, emission max 685nm). 616

617

LDH measurement 618

LDH levels were measured from freshly collected supernatant of infected cells (BMDM) or freshly 619

collected serum using CyQUANT LDH Cytotoxicity Assay (ThermoFisher- C20300) following 620

manufacturer’s instructions under BSL3 conditions. 621

 622

Human Samples 623

For this study we have acquired six control uninfected, and two SARS-CoV-2 infected deidentified 624

lung (4 different cuts) specimens as paraffin embedded tissues from autopsies of individuals admitted 625

to Yale New Haven Hospital. Lungs were fixed in 10% Formalin (see Table S5 for  details of patient 626

specimens). 627

628

Cytokine, chemokine, and IgG quantification 629

Human IL-18 (Sigma or RND), human CXCL10 (RND), human IL-1RA(Abcam), Human Gasdermin D 630

(MyBioSource) were quantified from supernatants of BMDM infected (or not) with SARS-CoV-2-mNG 631

or from serum or lung homogenates of SARS-CoV-2-mNG infected (or not) MISTRG6 or MISTRG6-632

hACE2 mice following manufacturer’s instructions. Human IL-1  was quantified from supernatants of 633

BMDM infected with SARS-CoV-2-mNG using cytometric bead array for human IL-1B (BD) following 634

manufacturer’s instructions. Human anti-Spike-RBD IgG (Biolegend) was quantified from sera and lung 635

homogenates of infected or uninfected MISTRG6-hACE2 mice. 636

 637

Antibodies638

Flow cytometry: 639

All antibodies used in flow cytometry were obtained from Biolegend, unless otherwise specified. 640

ACCELE
RATED ARTIC

LE
 PREVIEW



Antibodies against the following antigens were used for characterization or isolation of cells by flow 641

cytometry: 642

Mouse antigens: 643

CD45(Clone: 30-F11, Cat# 103130), CD45(Clone: 30-F11, Cat# 103108), CD45(Clone, 30-F11, Cat# 644

103147), CD326(Clone: G8.8, Cat# 118218), F4/80 (Clone: BM8, Cat# 123117). 645

Human antigens: CD45(Clone: Hl30, Cat# 304044), CD45(Clone: Hl30, Cat# 304029), CD3(Clone: 646

UCHT1, Cat# 300408), CD14(Clone: HCD14, Cat# 325620),CD16(Clone: 3G8, Cat# 302030), 647

CD16(Clone: 3G8, Cat# 302006), CD19(Clone: HIB19, Cat# 302218), CD19(Clone: HIB19, Cat# 648

302226), CD33(Clone: WM53, Cat# 983902), CD20(Clone: 2H7, Cat# 302313), CD20(Clone: 2H7, 649

Cat# 302322), CD206(Clone: 15-2, Cat# 321106), CD206(Clone: 15-2, Cat# 321109), CD86(Clone: 650

BU63, Cat# 374210), CD123(Clone: 6H6, Cat# 306006), CD11B(Clone: M1/70, Cat# 101242), 651

CD11C(Clone: 3.9, Cat# 301608), HLA-DR(Clone: LN3, Cat# 327014), HLA-DR(Clone: LN3, Cat# 652

327020), HLA-DR(Clone: LN3, Cat# 327005), CD183(Clone: G025H7, Cat# 353720), CD335-653

NKp46(Clone: 9E2, Cat# 331916), CD4(Clone: OKT4, Cat# 317440), CD8(Clone: SK1, Cat# 344718), 654

CD8(Clone: SK1, Cat# 344748), CD68(Clone: Yl/82A, Cat# 333828). 655

Immunofluorescence: 656

Anti-dsRNA antibody (Clone: rJ2,) was purchased from Sigma (Cat# MABE1134) or Antibodies online 657

(Cat# Ab01299-23.0). Polyclonal SARS-CoV-2 RNA-dependent RNA Polymerase antibody was 658

purchased from CellSignaling (Cat#  67988S). Monoclonal SARS-CoV-2 RNA-dependent RNA 659

Polymerase antibody was purchased from Kerafest (Cat# ESG004). Anti-Spike (Spike 1) antibody 660

(clone: 1A9, Cat# GTX632604) was obtained from GeneTex. Anti-Spike (Spike 2) antibody (clone: 661

T01Khu, Cat# 703958) was obtained from ThermoFisher. 662

 663

Image Flow Cytometry: 664

Mouse anti-human PE-Cy7 CD16(Clone 3G8) was purchased from Biolegend (Cat# 302016). Rabbit 665

anti-human ASC(Polyclonal) was purchased from Santa Cruz (Cat# sc-22514-R). Goat anti-human 666

NLRP3(Polyclonal) was purchased from Abcam(Cat# ab4207). Donkey anti-Rabbit IgG (H+L) Highly 667

Cross-Adsorbed Secondary Antibody(Polyclonal) was purchased from ThermoFisher (Cat# A-31573). 668

Donkey anti-Rabbit IgG (H+L) Cross-Adsorbed Secondary Antibody (Polyclonal) was purchased from 669

ThermoFisher (Cat# A-10040). Donkey anti-Goat IgG (H+L) Cross-Adsorbed Secondary 670

Antibody(Polyclonal) was purchased from ThermoFisher(Cat# A-21447). 671 ACCELE
RATED ARTIC

LE
 PREVIEW



Therapeutic antibodies: 672

Monoclonal antibody against human CD16 used in blocking experiments were purchased from Abcam 673

(SP175). Monoclonal antibody against human ACE2 was purchased from Abcam. Anti-CD16 antibody 674

used in depletion experiments was purchased from ThermoFisher (3G8). Monoclonal antibodies 675

(clones 135 and 144) were acquired from M. Nussenzweig as has been previously described45. Anti-676

IFNAR2 antibody was purchased from PBL Assay science (Cat# 21385-1). 677

 678

Gene expression 679

RNA was extracted with the RNeasy mini kit (Qiagen) per the manufacturer’s protocol High-Capacity 680

cDNA Reverse Transcription Kit was used to make cDNA. Quantitative reverse transcription PCR (qRT-681

PCR) was performed using an SYBR FAST universal qPCR kit (KAPA Biosystems). Predesigned 682

KiCqStart primers for DDX58, IL6, IFITM3, IRF7, IFIH1, IFNA6, IFNG and HPRT1 were purchased from 683

Sigma. 684

 685

Bulk whole tissue RNA-sequencing 686

RNA isolated from homogenized lung tissue, also used for viral RNA analysis, was prepared for whole 687

tissue transcriptome analysis using low input (14dpi) or conventional (28dpi) bulk RNA sequencing. 688

Libraries were made with the help of the Yale Center for Genomic Analysis. Briefly, libraries were 689

prepared with an Illumina rRNA depletion kit and sequenced on a NovaSeq. Raw sequencing reads 690

were aligned to the human-mouse combined genome with STAR72, annotated and counted with 691

HTSeq73, normalized using DESeq274 and graphed using the Broad Institute Morpheus web tool. 692

Heatmaps visualize normalized counts of duplicates as min-max transformed values, calculated by 693

subtracting row mean and diving by SD for each gene. Rows (genes) were clustered by hierarchical 694

clustering (one-minus Pearson) or K-means clustering as indicated in the figure legends. Differential 695

expression analysis was also performed with DESeq2. For IFN-stimulated gene identification, 696

http://www.interferome.org was used with parameters -In Vivo, -Mus musculus or Homo sapiens -fold 697

change up 2 and down 2. 698

 699

Single Cell RNA Sequencing 10X Genomics 700

Sorted human lung immune cells (hCD45+ in uninfected, 14dpi and 28dpi) were stained with TotalSeq 701

(TotalSeq™-B0251 anti-human Hashtag 1 Antibody: GTCAACTCTTTAGCG; TotalSeq™-B0252 anti-702

human Hashtag 2 Antibody: TGATGGCCTATTGGG) antibodies (Biolegend) prior to processing for 703

droplet based scRNA-seq. 10X Chromium GEM technology. Single cell transcriptomes and associated 704
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protocols of 4dpi lungs (total lung cells as opposed to sorted human immune cells analyzed) were 705

previously described19.  Duplicates from each condition/time point were pooled in equal numbers to 706

ensure 10000 cells were encapsulated into droplets using 10X Chromium GEM technology. Libraries 707

were prepared in house using Chromium Next GEM Single Cell 3  Reagent Kits v3.1 (10X Genomics). 708

scRNA-seq libraries were sequenced using Nova-Seq. Raw sequencing reads were processed with 709

Cell Ranger 3.1.0 using a human-mouse combined reference to generate a gene-cell count matrix. To 710

distinguish human and mouse cells, we counted the number of human genes (nHuman) and mouse 711

genes (nMouse) with nonzero expression in each cell, and selected cells with nHuman > 20 * nMouse 712

as human cells. The count matrix of human cells and human genes was used in the downstream 713

analysis with Seurat 3.275. Specifically, this matrix was filtered to remove low quality cells, retaining 714

cells with > 200 and < 5,000 detected genes and < 20% mitochondrial transcripts. We then log 715

normalized each entry of the matrix by computing log (CPM/100 + 1), where CPM stands for counts 716

per million. To visualize the cell subpopulations in two dimensions, we applied principal component 717

analysis followed by t-SNE, a nonlinear dimensionality reduction method, to the log-transformed data. 718

Graph-based clustering was then used to generate clusters that were overlaid on the t-SNE coordinates 719

to investigate cell subpopulations. Marker genes for each cluster of cells were identified using the 720

Wilcoxon test (two-tailed) with Seurat. For the adjusted P values the Bonferroni correction was used. 721

In this analysis, uninfected: 438 cells, 4dpi: 336 cells, 14dpi: 793 cells, 28dpi: 1368 cells were included. 722

 723

To identify differentially abundant (DA) subpopulations not restricted to clusters, we applied DA-seq76, 724

a targeted, multiscale approach that quantifies a local DA measure for each cell for comprehensive and 725

accurate comparisons of transcriptomic distributions of cells. DA measure defined by DA-seq. shows 726

how much a cell’s neighborhood is enriched by the cells from either uninfected or infected lungs. DA-727

seq analysis where on our data revealed that T cells, monocytes and macrophages were responsible 728

for most of the chronic infection driven changes. Red coloring signify enrichment at 28dpi lungs and 729

blue coloring mark enrichment in uninfected lungs 730

 731

To combine cells from different DPIs (uninfected, 4dpi, 14dpi, 28dpi), we applied the integration 732

method75 in Seurat to remove batch effects. We then performed principal component analysis and 733

retained top 30 PCs as the input to tSNE, a nonlinear dimensionality reduction method, to embed the 734

data onto 2-dimensional space for visualization. Graph-based clustering with a resolution of 0.8 was 735

then used to generate clusters that were overlaid on the t-SNE coordinates to investigate cell 736

subpopulations. Marker genes for each cluster of cells were identified using the Wilcoxon test (two-737

tailed) with Seurat (For the adjusted P values the Bonferroni correction was used). After cell type 738

identification, we separated out macrophage populations from all DPIs, and applied the same 739
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procedures as described above to re-preprocess and visualize the data. Clusters were redefined based 740

on a resolution of 0.3. 741

 742

Statistics and Reproducibility 743

Unpaired or paired t-test (always two-tailed) was used to determine statical significance for changes in 744

immune cell frequencies and numbers while comparing infected mice to uninfected control mice or 745

treated mice to untreated mice. To determine whether the viral RNA quantification is statistically 746

significant across treatment groups or timepoints, Mann-Whitney, two-tailed test was used. Wilcoxon 747

test (two-tailed) or ratio paired t-test (two-tailed) was used to determine whether the viral titer 748

quantification of the untreated condition is significantly different from the treated groups. For Pearson’s 749

test, significance was deemed using t-test. The test statistic is based on Pearson's product-moment 750

correlation coefficient cor(x, y) and follows a t distribution with length(x)-2 degrees of freedom. For 751

Spearman's test, p-values are computed using algorithm AS 89 with exact = TRUE. All micrographs 752

presented in the study were representative of at least 3 animals or specimens. Each experiment was 753

repeated independently at least two times. All attempts yielded similar results. In in vivo studies, each 754

dot represents a biologically independent mouse. 755
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853
Figure Legends: 854
Figure 1. Targeting viral replication and downstream interferon signaling ameliorates chronic COVID-19. 855

a. Therapy Schematic: SARS-CoV-2 infected MISTRG6-hACE2 mice were treated with 856
Dexamethasone(dex) and Remdesivir(RDV) at 7,8,9 dpi, with anti-IFNAR2 at 7, 11dpi and analyzed at 857
14 or 28dpi. 858

b. Post-infection weight changes. 28dpi: CTRL-infected n=5, Dex, anti-IFNAR2+RDV n=4, RDV, anti-859
IFNAR2 n=3 mice examined over at least 2 experiments. Means with SD. Unpaired, two-tailed t-test. 860

c. Human macrophages in lungs. Uninfected: n=10; 14dpi: CTRL-infected n=7 Dex, RDV, anti-IFNAR, anti-861
IFNAR+RDV n=4; 28dpi: CTRL-infected, Dex n=4, RDV, anti-IFNAR n=3, anti-IFNAR+RDV n=6 mice 862
examined over 3 experiments. Means with datapoints. Unpaired, two-tailed t-test. 863

d. Heatmap of genes suppressed by therapy in lungs (Log2, Foldchange >1; P-adj with the Bonferroni 864
correction <0.05). Differential expression by DESeq2. Statistics by Wald-test. Transformed (min-max), 865
normalized counts of duplicates. Hierarchical clustering (one-minus Pearson). 866

e. t-distributed stochastic neighbor embedding (t-SNE) plot of human immune cells from uninfected or 867
infected lungs (28dpi). Pooled duplicates. Cluster marker genes identified with Wilcoxon-test (Extended 868
data Fig. 2e). Uninfected=3,655, 28dpi=3,776 cells analyzed. 869

f. t-SNE plots highlighting differentially abundant (DA) human immune cell populations identified by DA-870
seq76. Top: Distribution/enrichment of DA-populations. Bottom: DA-clusters. 871

g. t-SNE plots of human monocyte/macrophage clusters from 4dpi, 14dpi and 28dpi and uninfected lungs. 872
Left: dpi, right: clusters. Different conditions integrated as described in methods75. Marker genes identified 873
with Wilcoxon-test (Extended data Fig.3a,b). P-adj with the Bonferroni correction. Uninfected=438, 874
4dpi=336, 14dpi=793, 28dpi=1368 cells analyzed. 875

h. Heatmap visualizing response to the combined therapy based on DEGs associated with monocytes and 876
macrophages. Transformed (min-max), normalized expression of duplicates. Hierarchical clustering 877
(one-minus Pearson). 878

i. Representative H&E staining and box plot of histopathological scores. Uninfected n=6, CTRL-infected 879
n=7, anti-IFNAR2+RDV n=4 mice examined over 3 experiments. Whiskers: smallest/minimum to the 880
largest/maximum value. Box: 25th-75th percentiles. Center line: median. Unpaired, two-tailed, t-test. 881
Data associated with dexamethasone used here as a control have been reported19.  882
 883

Figure 2. SARS-CoV-2 replicates in human macrophages. 884
a. Representative flow cytometry plots and frequencies of mNG+ human (CD68+) or mouse (F4/80+) lung 885

macrophages in SARS-CoV-2-mNG infected MISTRG6-hACE2 mice. Human n=7, mouse n=6 mice over 886
at least 3 experiments. Unpaired, two-tailed t-test. 887

b. Quantification of gRNA and sgRNA (E-gene)40,69 in sorted mNG+ or mNG- epithelial cells or human 888
immune cells. N=3 mice over 2 experiments. Means with datapoints. 889
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c. Representative fluorescent microscopy images of dsRNA (rJ2), CD68 and DAPI staining in fixed lung 890
tissues from SARS-CoV-2 infected MISTRG6-hACE2 mice. Representative of n=5 mice examined over 891
3 experiments. Yellow rectangle: higher magnification view of the selected area. Yellow arrow: 892
colocalization of CD68 with dsRNA. Pseudo-colors were assigned. 893

d. Representative fluorescent microscopy images of RdRp, CD68 and DAPI staining in fixed lung tissues 894
from SARS-CoV-2 infected MISTRG6-hACE2 mice. Representative of n=5 mice examined over 3 895
experiments. Yellow arrows: colocalization of human CD68 with dsRNA. Yellow rectangle: higher 896
magnification view of the selected area. Pseudo-colors were assigned. 897

e. Frequencies of mNG+ human immune cells in Remdesivir treated (1-3dpi) or control MISTRG6-hACE2 898
mice infected with SARS-CoV-2-mNG. N=6 mice examined over 3 experiments. Means with datapoints. 899
Paired t-test, two-tailed. 900

f. Frequencies of mNG+ human immune cells upon ACE2 blockade (1-3dpi) in MISTRG6 (no AAV) mice 901
infected with SARS-CoV-2-mNG. CTRL-infected n=5, anti-ACE2 treated n=6 mice examined over 2 902
experiments. Means with datapoints. Paired t-test, two-tailed. 903

g. Representative flow cytometry plots and frequencies of mNG+ macrophages in infected MISTRG6-904
hACE2 mice treated with monoclonal antibodies (mAb)19,45,64 at 35hpi. CTRL-infected n=7, treated n=4 905
mice examined over 2 experiments. Means with datapoints. Unpaired, two-tailed t-test. 906

h. Frequencies of mNG+ human immune cells in MISTRG6-hACE2 mice after CD16 blockade (Abcam, 907
2dpi). N=6 mice examined over 3 experiments. Means with datapoints shown. Paired t-test, two-tailed. 908

909
Figure 3. SARS-CoV-2 infection of human macrophages activates inflammasomes and pyroptosis. 910

a. CXCL10+ or TNF+ human macrophages. Representative of n=6 mice over 3 experiments. 911
b. CXCL10+ lung macrophage frequencies upon mAb or Remdesivir therapy. CTRL-infected n=9, mAb n=4, 912

RDV n=6 mice over 2 experiments. Means with datapoints. Unpaired, two-tailed-t-test. 913
c. Serum CXCL10 levels upon mAb or Remdesivir therapy. Means with datapoints. Uninfected, mAb n=4; 914

CTRL-infected n=7, RDV n=3 mice examined over 2 experiments. Unpaired, two-tailed-t-test. 915
d. Correlation (Pearson and Spearman) of each gene with CXCL10, TNF or TLR7 in human lung monocytes 916

and macrophages. K-means clustering. P-values: T-distribution with length(x)-2 degrees of freedom or 917
algorithm AS 89 with exact = TRUE. Two-tailed. 918

e. Representative plots and AM frequencies within mNG+ or mNG-macrophages. N=8 mice examined over 919
4 experiments. 920

f. ASC speck visualization/quantification and colocalization with active caspase-1 (FLICA) in mNG+ or 921
mNG-human immune cells from MISTRG6-hACE2 mouse lung. Cells sorted based on Extended data 922
Fig. 6j. 1000-cells analyzed/per condition. ASC+specks: 4dpi n=3(A), 5(B-D); 14dpi n=3 mice, FLICA: 923
n=3 mice examined over at least 2 experiments. Means with datapoints, SD. Unpaired, two-tailed-t-test. 924

g. ASC speck visualization/quantification and colocalization with NLRP3 oligomerization in sorted mNG+ or 925
mNG-human lung immune cells. 1000-cells analyzed/per condition. N=3 mice over 2 experiments. Means 926
with datapoints, SD. Unpaired, two-tailed-t-test. 927
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h. Serum IL-18, IL-1RA and GSDMD levels. IL-18: n =4 mice examined over 2 experiments. IL-1RA: 928
Uninfected n=5, 4dpi n=7, 14dpi n=4 mice examined over 3 experiments. GSDMD: uninfected, 4dpi n=4, 929
14dpi n=5 mice over 3 experiments. Means with datapoints. Unpaired, two-tailed t-test. P-930
value<0.0001=3.32x10-7. 931

i. Serum IL-18 and IL-1RA levels in mice treated with CD16-blocking (Abcam) or depleting (ThermoFisher), 932
antibodies or Remdesivir. IL-18: uninfected, CD16-blocking, CD16-depletion n=4, CTRL-infected n=7, 933
RDV n=3; IL-1RA: uninfected n=5, CTRL-infected n=7, RDV n=6, CD16-blocking, CD16-depletion n=4 934
mice examined over at least 2 experiments. Means with datapoints. Unpaired, two-tailed t-test. P-935
values<0.0001:uninfected=3.28x10-5, CD16-depl=7.92x10-7. 936

937
Figure 4. Inflammasome inhibition ameliorates inflammation and disease in infected MISTRG6-hACE2 938
mice.939

a. Schematic of inflammasome inhibition in vivo. SARS-CoV-2 infected MISTRG6-hACE2 mice treated with 940
caspase-1 or NLRP3 inhibitors, 6-12dpi. 941

b. Frequencies of mNG+ human immune cells upon inflammasome inhibition. CTRL-infected n=5, caspase-942
1 inhibitor n=6, NLRP3 inhibitor n=4 mice examined over at least 2 experiments. Means with datapoints. 943
Paired, two-tailed t-test. 944

c. Frequencies of CXCL10+ or TNF+ human lung macrophages upon inflammasome inhibition. CTRL-945
infected n=5, caspase-1 inhibitor n=5, NLRP3 inhibitor n=4 mice examined over at least 2 experiments. 946
Means with datapoints. Unpaired, two-tailed t-test. 947

d. Quantification of active caspase-1 in mNG+ human macrophages upon inflammasome inhibition. CTRL-948
infected n=5, Casp1-inhibitor n=5, NLRP3-inhibitor n=4 mice examined over at least 2 experiments. 949
Means with datapoints. Unpaired, two-tailed t-test. 950

e. Serum human IL-18 levels upon inflammasome inhibition. CTRL, NLRP3: n=4, Casp1 n=5 mice 951
examined over 2 experiments. Means with datapoints. Unpaired, two-tailed t-test. 952
P<0.0001=1.00114x10-5. 953

f. Human IL-1RA levels in lung homogenates upon inflammasome inhibition. N=4 mice examined over 2 954
experiments. Means with datapoints. Unpaired, two-tailed t-test. 955

g. Serum GSDMD levels upon inflammasome inhibition. CTRL-infected n=5, Casp1, NLRP3 inhibitors n=4 956
mice examined over 2 experiments. Means with datapoints. Unpaired, two-tailed t-test. 957

h. Box and whisker plot of histopathological scores upon inflammasome inhibition. CTRL-infected n=4, 958
Casp1-inhibitor n=6, NLRP3-inhibitor n=4 independent mice over at least 2 experiments. Whiskers: 959
smallest (minimum) to the largest value (maximum). Box: 25th-75th percentiles. Center line: median. 960
Unpaired, two-tailed t-test. 961

i. Viral titers from supernatants of BMDM infected with SARS-CoV-2-mNG in vitro and treated with Casp1 962
or NLRP3 inhibitors. CTRL-infected: n=13, Casp1-inhibitor-: n=8, NLRP3 inhibitor: n=5 independent 963
datapoints collected over 3 experiments. Means with datapoints. Unpaired two-tailed t-test. 964

965
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966
Extended Data Figures: 967
Extended data figure 1.  Targeting viral replication and the downstream interferon response attenuates 968
the hyperactive immune/inflammatory response (matched to figure 1). 969

a. Representative gating strategy of human immune cells in the lungs of SARS-CoV-2 infected MISTRG6-970
hACE2 mice. Cells isolated from lungs or bronchioalveolar lavage (BAL) were stained with antibodies 971
against human CD45, HLA-DR, CD68, CD16, CD14, CD206, CD86, CD11B, CD11C, CD123, CD3, and 972
mouse CD45. Cell numbers were calculated using counting beads.973

b. Human immune cells (numbers) in BAL (14dpi) or lungs (14 and 28dpi) of SARS-Cov-2 infected 974
MISTRG6-hACE2 mice treated with dexamethasone (Dex), Remdesivir (RDV), anti-IFNAR2 or a 975
combined therapy of Remdesivir (RDV) and anti-IFNAR2. 14dpi, BAL: CTRL-infected n=5, Dex; RDV 976
anti-IFNAR2 n=3; anti-IFNAR2+RDV n=4 biologically independent mice examined over 2 independent 977
experiments. 14dpi, Lung: CTRL-infected n=7; Dex, RDV, anti-IFNAR2, anti-IFNAR2+RDV n=4 978
biologically independent mice examined over 3 independent experiments. 28dpi, lung: CTRL infected 979
n=5, Dex n=4, RDV n=3, anti-IFNAR2 n=3, anti-IFNAR2+RDV n=6 biologically independent mice 980
examined over 3 independent experiments. Means with individual datapoints plotted. Unpaired, two-981
tailed t-test. P<0.0001=8.19x10-5. 982

c. Representative flow cytometry plots and frequencies of alveolar macrophages (AMs) (middle: 983
hCD206hihCD86+hCD68+) or inflammatory macrophages (bottom: hCD206lo/-hCD86+hCD68+) in 14dpi or 984
28dpi lungs of treated or untreated MISTRG6-hACE2 mice. 14dpi: CTRL infected n=5, Dex n=4, RDV 985
n=4, anti-IFNAR2 n=4, anti-IFNAR2+RDV n=4 biologically independent mice examined over at least 2 986
independent experiments. 28dpi: CTRL infected n=5, Dex n=4, RDV n=3, anti-IFNAR2 n=3, anti-987
IFNAR2+RDV n=6 biologically independent mice examined over 3 independent experiments. Means with 988
individual datapoints. Unpaired, two-tailed t-test. P<0.0001=4.67x10-5. 989

d. Frequencies (left) and numbers (right) of lung pDCs at 14dpi. CTRL-infected n=6, Dex n=4, RDV, anti-990
IFNAR2 n=3, anti-IFNAR2+RDV n=6 mice examined over at least 2 experiments. Means with datapoints. 991
Unpaired, two-tailed t-test. P<0.0001=7.29x10-5. 992

e. IFNA transcript levels measured by qPCR in treated or control untreated MISTRG6-hACE2 mice infected 993
with SARS-CoV-2: Uninfected n=5; CTRL infected: 4dpi n=8, 14dpi n =9, 28dpi n=: 6; Dex 14dpi n=4, 994
Dex 28dpi= 4; RDV 14 and 28dpi n=3, anti-IFNAR2 14 and 28dpi n=3, anti-IFNAR2+ Remdesivir 14 and 995
28dpi n=4 biologically independent mice examined over at least 2 independent experiments. Normalized 996
to HPRT1. Violin plots with individual datapoints. Unpaired, two-tailed t test. 997

f. Representative histograms and frequencies of HLA-DR+ activated T cells in treated or control mice. 14dpi: 998
CTRL-infected n=5, Dex, RDV, anti-IFNAR2, anti-IFNAR2+RDV n=4; 28dpi: CTRL infected, Dex, anti-999
IFNAR2+RDV n=4, RDV, anti-IFNAR2 n=3 biologically independent mice examined over 3 independent 000
experiments. Means with datapoints. Unpaired, two-tailed t-test. 001
Some of the data associated with dexamethasone therapy used here as a control have been reported19. 002

 003
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Extended data figure 2. Anti-IFNAR2 and Remdesivir therapy reverses infection induced 004

transcriptional changes (matched to figure 1). 005

a. Similarity comparison of uninfected, infected, and therapeutically manipulated lungs based on 006
dexamethasone suppressed genes. Pearson correlation. Duplicates analyzed for each condition. 007

b. Genes suppressed by both dexamethasone and combined therapy of Remdesivir and anti-IFNAR2 008
(Log2, Foldchange <-1, P adj<0.05). P adj: For the adjusted P values the Bonferroni correction was 009
used. Duplicates analyzed for each condition. Dexamethasone suppressed genes significantly 010
overlapped with genes significantly suppressed by combined anti-IFNAR2 and Remdesivir therapy 011
(64% overlap).  See Table S1 for a full list of genes and their normalized expression.  012

c. Network analysis (STRING v11.0) of genes suppressed by both dexamethasone and combined therapy 013
of Remdesivir and anti-IFNAR2 (as shown in Extended data figure 2b). Duplicates analyzed for each 014
condition. K- means clustering (n=4).  015

d. Pathway (Ingenuity) analysis of genes suppressed by both dexamethasone and combined therapy of 016
Remdesivir and anti-IFNAR2 (as shown in Extended data Fig. 2b). Duplicates analyzed for each 017
condition. Fisher's Exact Test was used to determine statistical significance in the overlap between the 018
dataset genes and the genes suppressed by therapy. 019

e. Transcriptional landscape of human immune cells at single cell level in uninfected or infected (28dpi). 020
MISTRG6-hACE2 mice. Cluster identifying genes comparing human immune cells from infected (28dpi) 021
or uninfected lungs for 17 clusters shown in Fig 1e. Marker genes for each cluster of cells were 022
identified using the Wilcoxon test with Seurat. Pooled duplicates analyzed for each condition.  023

Extended data figure 3. Deeper characterization of monocyte/macrophage clusters at early (4dpi) or 024
late (14 and 28dpi) SARS-CoV-2 infection(matched to figure 1). 025

a. Heatmap visualizing cluster identifying genes comparing human monocytes and macrophages from 026
infected (4, 14 or 28dpi) or uninfected lungs (as shown in Fig 1g). Pooled duplicates. Uninfected: 438 027
cells, 4dpi: 336 cells, 14dpi: 793 cells, 28dpi: 1368 cells were analyzed. This analysis allowed step by 028
step characterization of the inflammatory macrophage response. Marker genes for each cluster of cells 029
were identified using the Wilcoxon test (two-tailed) with Seurat. 030

b. Temporal distribution of transcriptional changes associated with monocytes and macrophages in 031
infected (4, 14 or 28dpi) or uninfected lungs (as shown in Fig 1g). Pooled duplicates analyzed. 032
Uninfected: 438 cells, 4dpi: 336 cells, 14dpi: 793 cells, 28dpi: 1368 cells included in analysis.  033

c. Top: Heatmap of representative genes that are differentially regulated (DEGs) in human macrophages 034
from 4, 14, 28dpi lungs compared with uninfected lungs. Uninfected: 438 cells, 4dpi: 336 cells, 14dpi: 035
793 cells, 28dpi: 1368 cells included in analysis. Bottom: Distribution of interferon stimulated genes 036
within these DEGs. Pooled duplicates analyzed .  037
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Extended data figure 4. Therapeutics reduced expression of a representative list of interferon 039
stimulated genes- ISGs (DDX58, IFIH1, IFITM3, IRF7) or inflammatory markers (IL6) (matched to figure 040
1).041
Relative expression of interferon inducible or inflammatory genes in treated or untreated MISTRG6- hACE2 042
mice infected with SARS-CoV-2 mice at 14dpi or 28dpi. Uninfected baseline expression values are presented 043
as reference. The distribution of cells that preferentially express these genes is overlayed on the tSNE plots 044
showing 14dpi and 28dpi human immune cells. IFITM3 and IL6 were particularly enriched in 045
macrophage/monocyte clusters, while IRF7, DDX58 and IFIH1 were enriched in multiple immune cells such as 046
T cells, B cells, and myeloid cells. Normalized to HPRT1. DDX58: uninfected n=3; CTRL-infected: 14dpi n=8, 047
28dpi n=: 5; Dex 14dpi n=3, 28dpi n= 6; RDV 14 and 28dpi n=3; anti-IFNAR2 14 and 28 dpi n=3, anti-IFNAR2+ 048
Remdesivir 14 and 28dpi n=5 biologically independent mice examined over at least 2 independent 049
experiments. IFIH1: uninfected n=5; CTRL-infected: 14dpi n =11, 28dpi n=: 3; Dex 14 and 28dpi n=4; RDV 14 050
and 28dpi n=3; anti-IFNAR2 14 and 28 dpi n=3, anti-IFNAR2+ Remdesivir 14 dpi n=4 and 28dpi n=5 051
biologically independent mice examined over at least 2 independent experiments. IFITM3: uninfected n=4; 052
CTRL-infected: 14dpi n =7, 28dpi n=: 4; Dex 14 and 28dpi n=4; RDV 14 and 28dpi n=3; anti-IFNAR2 14 and 28 053
dpi n=3, anti-IFNAR2+ Remdesivir 14 and 28dpi n=4 biologically independent mice examined over at least 2 054
independent experiments. IRF7: uninfected n=4; CTRL-infected: 14dpi n =7, 28dpi n=: 5; Dex 14 and 28dpi 055
n=4; RDV 14 and 28dpi n=3; anti-IFNAR2 14 and 28 dpi n=3, anti-IFNAR2+ Remdesivir 14dpi n=4, 28dpi n=5 056
biologically independent mice examined over at least 2 independent experiments. IL6: uninfected n=5; CTRL-057
infected: 14dpi n =9, 28dpi n=: 4; Dex 14dpi n=3, 28dpi n=4; RDV 14 and 28dpi n=3; anti-IFNAR2 14 and 28 058
dpi n=3, anti- IFNAR2+ Remdesivir 14dpi n=4, 28dpi n=5 biologically independent mice examined over at least 059
2 independent experiments. Unpaired, two-tailed t-test.  060

Extended data figure 5. Anti-IFNAR2 and Remdesivir combined therapy reverses fibrotic transcriptional 061
signature and prevents the transition to fibrosis seen in the infected mice (matched to figure 1). 062

a. Relative expression of IFNG in treated or untreated MISTRG6-hACE2 mice infected with SARS-CoV-2 063
mice at 14dpi or 28dpi. Uninfected baseline expression values are presented as reference. Normalized 064
to HPRT1. Uninfected n=7; CTRL infected: 14dpi n =7, 28dpi n=: 6; Dex 14dpi=3, 28dpi= 5; anti-065
IFNAR2+ Remdesivir 14dpi n=4, 28dpi n=6. over at least 2 independent experiments. Unpaired, two-066
tailed t-test. 067

b. Heatmap of AT2 cell self-renewal and AT1 differentiation and pre-alveolar type 1 transitional cell state 068
(PATS) associated genes at in uninfected or infected (14dpi) lungs in response to therapeutics. AT2 069
cell self-renewal and AT1 differentiation gene signature was inhibited while PATS gene signature was 070

enriched in autopsy lungs of patients with severe COVID-197. Top differentially expressed genes in 071

epithelial cluster 7 of autopsy lungs7 were used in the analysis. Duplicates were analyzed for each 072
condition. Normalized counts of duplicates visualized as min-max transformed values, calculated by 073
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subtracting row mean and diving by SD for each gene. Rows (genes) clustered by hierarchical 074
clustering (one-minus Pearson).  075

c. Representative images of Trichrome staining and box and whisker plot (min to max, with all datapoints) 076
of the trichrome scoring of MISTRG6-hACE2 mice treated with a combined therapy of Remdesivir and 077
anti-IFNAR2 or not (CTRL infected). The whiskers go down to the smallest value (minimum) and up to 078
the largest value (maximum). The box extends from the 25th to 75th percentiles. The median is shown 079
as a line in the center of the box. N=4 biologically independent mice examined over 2 independent 080
experiments. Unpaired, two-tailed t-test. 081

082
Extended data figure 6. Cellular source of persistent SARS-CoV-2 viral RNA and sustained viral 083
replication in lungs (matched to figure 2). 084

a. Quantification of genomic (gRNA) and subgenomic (sgRNA) viral RNA (E-gene) in whole homogenized 085
lung tissue at 4, 14 and 28dpi. 4dpi: n=7, 14dpi n=5, 28dpi n=4 biologically independent mice examined 086
over 3 independent experiments. Means with all datapoints and SD. 087

b. Quantification of genomic (gRNA) and subgenomic (sgRNA) viral RNA (E-gene) in whole homogenized 088
lung tissue at 14dpi in mice treated with combined therapy of Remdesivir and anti-IFNAR2. CTRL: n=4, 089
anti-IFNAR2+RDV: n=4 biologically independent mice examined over 2 independent experiments. N.D.= 090
not detected. 091

c. Quantification of genomic (gRNA) and subgenomic (sgRNA) viral RNA (E-gene) in whole homogenized 092
lung tissue at 28dpi in mice treated with Remdesivir, anti-IFNAR2 or combined therapy of Remdesivir 093
and anti-IFNAR2. N=3 biologically independent mice representative of 2 independent experiments. N.D.= 094
not detected. 095

d. Representative gating strategy for sorting human immune cells (human CD45+) or epithelial cells (mouse 096
EPCAM+) from lungs of mice infected with SARS-CoV-2 and quantification of viral RNA (E and N genes) 097
in these sorted cells. N gene: 4dpi n=3, 14dpi n=6(epithelial), n=5 (immune), 28dpi n=4 (epithelial) n=3 098
(immune) biologically independent mice analyzed over 3 independent experiments. E gene: 4dpi n=3, 099
14dpi n=7 (epithelial), n=6 (immune), 28dpi n=4 (epithelial) n=3 (immune) biologically independent  mice 100
analyzed over 3 independent experiments. 101

e. mNG signal in epithelial (EPCAM+) cells from lungs and BAL of mice infected with reporter SARS-CoV-102
2-mNG or control wild type SARS-CoV-2/WA1. mNG is expressed in infected cells following viral 103
replication. Representative of n=4 biologically independent mice examined over 2 independent 104
experiments. 105

f. Representative histograms of mNG expression in human or mouse lung macrophages isolated from BAL 106
of infected MISTRG6-hACE2 mice at 4dpi. Representative of n=3 biologically independent mice 107
examined over 2 independent experiments. 108 ACCELE
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g. Frequencies of mNG+ cells within human lung immune cells (hCD45+) of SARS-CoV-2-mNG infected 109
MISTRG6-ACE2 mice at 4dpi and 14dpi. 4dpi n=4, 14dpi n=6 biologically independent mice examined 110
over at least 2 experiments. Unpaired, two-tailed t-test. P value=0.066. 111

h. Viral titers measured as PFU using Vero ACE2+ TMPRSS2+ cells that over express ACE2 from lung 112
homogenates of MISTRG6 mice transduced with AAV-hACE2 (+AAV) or not (-AAV) and infected with 113
SARS-CoV-2. MISTRG6-hACE2 (+AAV): 2dpi n=2, 4dpi n=5, 7dpi n=2, 14dpi n=6 MISTRG6(-AAV): 2dpi 114
n=4, 4dpi n=10 and 7, 14 dpi n=2, biologically independent mice representative of at least 2 independent 115
experiments. Viral titers using standard Vero E6 cells do not have any detectable titers (previously 116
reported19) in MISTRG6 mice without AAV. Some of the MISTRG6-hACE2 data presented here have 117
been previously reported as part of the characterization of the model19. 118

i. Frequencies of mNG+ cells within human macrophages (human CD68+) isolated from lungs of infected 119
MISTRG6 mice transduced with AAV-hACE2 (AAV+) or not (AAV-). MISTRG6 mice with and without 120
AAV-hACE2 were reconstituted with human progenitor cells from the same donor. AAV+ n=6, AAV- n=5 121
biologically independent mice examined over 3 independent experiments. 122

j. Representative gating strategy for sorting mNG+ and mNG- human immune cells, mNG+ and mNG- 123
mouse epithelial cells and mouse immune cells. Lung cells from SARS-CoV2-mNG infected MISTRG6- 124
hACE2 mice were stained with antibodies against human CD45, mouse CD45, and mouse EPCAM. 125
Sorted cells were used for viral quantification (Fig. 2) and characterization of the inflammasome pathway 126
(Fig. 3).  127

Extended figure 7. Viral replication products are detected in human lung macrophages of infected 128
MISTRG6-hACE2 mice (matched to figure 2).  129

a. Representative fluorescent microscopy images showing colocalization of double stranded RNA (clone 130
rJ2) staining, mNG signal and DAPI staining in fixed lung tissue at 4dpi. Representative of n=4 131
biologically independent mice examined over 2 independent experiments.  132

b. Representative fluorescent microscopy images of RNA dependent RNA polymerase (RdRp), anti- 133
human CD68 and DAPI staining in fixed lung tissue from SARS-CoV-2 infected or control MISTRG6- 134
hACE2 mice (Non-SARS-CoV-2 pneumonia). Representative of n=7 biologically independent SARS- 135
CoV-2 infected mice examined over 3 independent experiments. Yellow arrows mark RdRp+ human 136
macrophages. Blue arrows mark RdRp- human macrophages. Isotype controls (bottom panels) and 137
non- COVID pneumonia lungs (bacterial infection, top panels) n=3 biologically independent mice are 138
presented as controls. Pseudo-colors were assigned for visualization.  139

Extended figure 8. Viral RNA dependent RNA polymerase (RdRp) and Spike in human lung 140
macrophages of MISTRG6-hACE2 mice infected with SARS-CoV-2 (matched to figure 2).  141

a. Representative fluorescent microscopy images of Spike (S), human CD68, and DAPI staining in fixed 142
lungs of SARS-CoV-2- infected MISTRG6-hACE2 mice. Yellow rectangle provides a higher 143
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magnification view of the selected area. Pseudo-colors were assigned for visualization. Representative 144
of n=5 biologically independent mice examined over 3 independent experiments.  145

b. Quantification of viral replication products or machinery in human lung macrophages from SARS-CoV- 146
2 infected MISTRG6-hACE2 mice measured by immunofluorescent staining. Quantification was 147
performed based on representative high-power images (40x) in areas showing diffuse alveolar damage. 148
Frequencies of dsRNA, mNG, RdRp, and Spike positive human macrophages out of hCD68+DAPI+ 149
cells are plotted. dsRNA: 20, 81, 133, 135, 52 human macrophages were counted. mNG: 30, 103, 110 150
human macrophages were counted. RdRp monoclonal: 187, 59, 85, 106, 142, 63, 59 human 151
macrophages were counted. RdRp polyclonal: 134, 21, 22, 218, 44 human macrophages were 152
counted. Spike (antibody 1): 21, 22, 218, 44 total human macrophages were counted. Spike (antibody 153
2): 63, 83, 163, 101, 57 human macrophages were counted. N=5 (dsRNA+), N=3 (mNG), N=7 (RdRp+ 154
monoclonal), N=5 (RdRp+ polyclonal), N=4 (Spike-1), N=5 (Spike-2) biologically independent mice 155
representative of at least 2 independent experiment. Means with all datapoints are shown. See 156
supplementary methods for details of antibodies used.  157

c. Representative fluorescent microscopy images and quantification of colocalization of Spike (S), RNA 158
dependent RNA polymerase (RdRp), human CD68, and DAPI staining in fixed lungs of SARS-CoV-2- 159
infected MISTRG6-hACE2 mice. Top panel: isotype control staining of SARS-CoV-2- infected lungs. 160
Middle panel: control lungs with Non-SARS-CoV-2, bacterial pneumonia. Bottom panels: SARS-CoV-2- 161
infected MISTRG6-hACE2 mice. Yellow rectangle provides a higher magnification view of the selected 162
area. Pseudo-colors are assigned for visualization. Representative of n=5 biologically independent 163
mice over 3 independent experiments.  164

165
Extended data figure 9. Viral RNA dependent RNA polymerase (RdRp) and Spike in human macrophages 166
of human autopsy lungs with SARS-CoV-2 pneumonia (matched to figure 2). 167

Representative fluorescent microscopy images and quantification of colocalization of Spike (S), RNA 168
dependent RNA polymerase (RdRp), human CD68 and DAPI staining in fixed human autopsy lungs with 169
SARS-CoV-2 pneumonia or non-SARS-CoV-2 pneumonia. Quantification was performed based on 170
representative high-power images (40x) in areas showing diffuse alveolar damage. Top panels: 171
Representative of RdRp staining with human CD68; middle panels: Representative of Spike staining with 172
CD68; bottom panels: RdRp and Spike staining in SARS-CoV-2- infected autopsy lungs. Yellow rectangle 173
provides a higher magnification view of the selected area. Pseudo-colors are assigned for visualization. 174
SARS-CoV-2 pneumonia n=4, non-SARS-CoV-2 pneumonia n=3 biologically independent specimens. 175

 176
Extended data figure 10. Human lung macrophage infection was enhanced by antibodies and reduced 177
by CD16, ACE2, or RdRp blockade in vivo and in vitro (matched to figure 2). 178 ACCELE
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a. Viral titers in lung homogenates of Remdesivir (RDV) treated or control untreated MISTRG6-hACE2 mice 179
infected with SARS-CoV-2-mNG. CTRL infected n=6, RDV treated n=6 biologically independent mice 180
examined over 3 independent experiments. 181

b. Representative histograms and mean florescent intensity (MFI) for ACE2 expression in mNG+ or mNG- 182
epithelial cells from MISTRG6-hACE2 mice or total epithelial cells from MISTRG6 (AAV-) mice infected 183
with SARS-CoV-2-mNG. AAV+ N=10, AAV- N=6 biologically independent mice examined over at least 3 184
independent experiments. Paired, two-tailed t-test. 185

c. Representative histograms for ACE2 expression in mNG+ or mNG- human macrophages, human B cells 186
(CD19+) or mouse immune cells isolated from MISTRG6-hACE2 mice infected with SARS-CoV-2-mNG. 187
Representative of N=10 for epithelial cells, N=7 for human macrophages biologically independent mice 188
examined over at least 3 independent experiments. 189

d. MFI of ACE2 expression in mNG+ or mNG- human macrophages or mouse epithelial cells isolated from 190
SARS-CoV-2-mNG infected MISTRG6-hACE2 mice. Epithelial cells n=10, human macrophages n=7 191
biologically independent mice examined over at least 3 independent experiments. Paired, two-tailed t-192
test. 193

e. MFI of ACE2 expression in mNG+ or mNG- human macrophages isolated from MISTRG6 (AAV-) mice 194
infected with SARS-CoV-2-mNG. Epithelial cells are virtually not infected with SARS-CoV-2-mNG in 195
MISTRG6 mice without transduced hACE2. N=8 biologically independent mice examined over at least 3 196
independent experiments. Paired, two-tailed t-test. 197

f. Representative fluorescent microscopy images showing colocalization of human ACE2 and human CD68 198
cells in SARS-CoV-2 infected MISTRG6-hACE2 mice. Representative of 3 independent mice over 2 199
independent experiments. 200

g. Anti-Spike (RBD) IgG levels measured by ELISA in serum or lung homogenates of SARS-CoV-2 infected 201
(4 and 14dpi) or uninfected MISTRG6-hACE2 mice treated therapeutically with mAbs (treated at 35hpi 202
or 7dpi) or not. Lung homogenates: Uninfected n=5, 4dpi n=8, 14dpi n=8, 4dpi+mAB n=2, 14dpi+mAB 203
n=2 biologically independent mice representative of at least 2 experiments. Serum: Uninfected n=3, 4dpi 204
n=3, 14dpi n=3, 4dpi+mAB n=3, 14dpi+mAB n=2 biologically independent mice representative of at least 205
2 experiments. Unpaired, two-tailed t-test. 206

h. Frequencies of mNG signal in human immune cells in infected mice (14dpi) treated therapeutically with 207
monoclonal antibodies45,64 (mAb) at 7dpi. CTRL infected n=5, mAb treated n=4 biologically independent 208
mice examined over 2 independent experiments. Means with datapoints and SD. Paired, two-tailed t-209
test. 210

i. Two-way plot showing anti-Spike (RBD) IgG levels and corresponding mNG+ human immune cell 211
proportions in lungs of infected MISTRG6-hACE2 mice at 4dpi. Pearson’s correlation value =0.70. N=8 212
biologically independent mice examined over 4 independent experiments. 213

j. Frequencies of mNG+ human macrophages in human immune cells in SARS-CoV-2-mNG infected 214
MISTRG6-hACE2 mice treated with anti-CD16 antibody (Abcam-clone SP175) at 7dpi and 11 dpi and 215
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analyzed at 14dpi. n=6 biologically independent mice examined over 3 independent experiments. 216
Unpaired, two-tailed t-test. 217

k. Representative histograms and frequencies of mNG+ cells in BMDM cultured (or not) with SARS-CoV-218
2-mNG for 48 hours. Cells were treated with pooled plasma from healthy controls (prior to COVID-19 219
pandemic) or convalescent COVID-1945 patients. Uninfected n=3, infected+ healthy plasma n=7, 220
infected+ COVID plasma n=10 independent samples cultured and analyzed over at least 3 experiments. 221
Means with datapoints. Unpaired t-test. P<0.0001=1.57x10-5. 222

l. Quantification of genomic (gRNA) and subgenomic (sgRNA) viral RNA (E gene) in infected BMDM at 223
48hpi. Cells were treated with plasma from healthy controls or convalescent COVID-19 patients. Healthy 224
plasma: n=4, COVID plasma n=6, RDV: n=6, anti-CD16+anti-ACE2 n=4 independent samples analyzed 225
over at least 2 independent experiments. Means with datapoints. Mann-Whitney, two-tailed, t-test. 226

m. Representative histograms and frequencies of mNG+ cells in BMDM and lung macrophages cultured 227
with SARS-CoV-2 in presence of plasma of convalescent COVID-19 patients. mNG+ macrophages were 228
pre-gated on live (live-dead stain negative) cells at 48hpi. BMDM N=6, Lung macrophages N=4 229
independent samples analyzed over 2 independent experiments. Unpaired, two-tailed t-test. 230

n. Frequencies of mNG+ cells in BMDM cultured with SARS-CoV-2 or not in presence of healthy patient 231
plasma, COVID plasma, monoclonal antibodies (clones 135 and 144) or no antibodies. COVID plasma 232
n=5, mAb n=4, healthy plasma n=4, no Ab n=5 independent samples analyzed over 2 independent 233
experiments. Means with datapoints and SD. The same monoclonal antibody cocktail used was used in 234
vivo (Fig. 3). Unpaired, two-tailed t-test. 235

o. Representative histograms and frequencies of mNG+ cells in BMDM cultured with SARS-CoV-2-mNG 236
(or not) in presence or absence of COVID plasma. Cultures were treated with Remdesivir, anti-human 237
CD16 antibody and/or anti-human ACE2 antibody. Healthy plasma n=5, COVID plasma n=10, RDV 238
n=5, anti-CD16 n=6, anti-ACE2 n=4, anti-CD16+ACE2 n=4 independent samples analyzed over at 239
least 2 independent experiments. Means with datapoints. Unpaired two-tailed t-test. P values<0.0001: 240
anti-CD16 vs COVID plasma= 1.98x10-5, RDV vs. COVID plasma= 5.24x10-6. 241

p. Viral titers and representative plaque images from supernatants of human or mouse BMDM infected with 242
SARS-CoV-2 mNG in vitro (without COVID plasma). Infectious virus from supernatants of infected 243
macrophage cultures collected at 24hpi, 48hpi and 72 hpi was plaqued using Vero ACE2+TMPRSS2+ 244
cells. Supernatant collected from Vero E6 cell cultures were provided as reference. Human: 24hpi n=9, 245
48 hpi n=13, 72hpi n=4. Mouse: 24hpi n=6 independent samples analyzed over at least 2 independent 246
experiments. 247

q. Viral titers from supernatants of BMDM infected with SARS-CoV-2 mNG in vitro and treated with 248
Remdesivir (RDV) or a combination of anti-CD16 and anti-ACE2 antibodies. Cultures were not 249
supplemented with COVID plasma. Infectious virus from supernatants of infected macrophage cultures 250
collected at 24hpi was plaqued using Vero ACE2+TMPRSS2+ cells. CTRL n=9, RDV n=4, anti-CD16 251
and anti-ACE2 n=4 independent samples representative of 2 independent experiments. Means with 252
datapoints. 253
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r. Viral titers measured as PFUs using supernatants containing concentrations of Remdesivir (1μm) or anti-254
ACE2 (1μg/ml) and anti-CD16 antibodies diluted to (1:10) allow quantification of PFUs at 24hpi from 255
macrophage cultures. Supernatants were applied on Vero ACE2+ TMPRSS2+ cells which were then 256
infected with a matched inoculum of SARS-CoV-2 mNG (103 PFU quantified in Vero-E6 cells) to test 257
carry over effect in plaque quantification. Untreated N=9, RDV N=6, anti-ACE2+anti-CD16 n=4 258
independent datapoints collected over 3 independent experiments. Means with datapoints. Unpaired, 259
two-tailed, t-test. 260
 261

Extended data figure 11. SARS-CoV-2 infected human macrophages have a unique transcriptional 262
signature (matched to figure 3).263

a. Representative gating strategy of CXCL10 or TNF producing human macrophages in MISTRG6- 264
hACE2 mice infected with SARS-CoV-2-mNG.  265

b. Representative flow cytometry plots of CXCL10 and TNF staining in mice therapeutically treated with 266
mAb or control untreated mice. Representative of n=4 biologically independent mice. 267
C. CXCL10 production measured by ELISA in supernatants of BM-macrophages infected with SARS- 268
CoV-2 in vitro. Infected BM-macrophage cultures were supplemented with pooled plasma from COVID-269
19 and were treated with Remdesivir or not. Uninfected n=5, CTRL infected n=12, RDV n=4 over 3 270
independent experiments. Means with individual values are plotted. Unpaired, two-tailed t-test.  271

c. Spearman correlation values of each gene based on its correlation with CXCL10 or TNF or TLR7. 272
d. Expression and distribution of CXCL10, TNF and TLR7 in human immune cells from infected (4, 14 and 273

28dpi) MISTRG6-hACE2 mice.  274

Extended data figure 12. CXCL10-associated genes(matched to figure 3). 275

a. Network (STRING v11.0) analysis of top CXCL10-associated genes (top 200 genes). K-means 276
clustering. Clusters and their corresponding pathway analysis are available as source files. Top genes 277
that correlate with CXCL10 (4dpi, Pearson and Spearmen correlation combined) are enriched for 278
distinct inflammatory molecules. 279

b. Network (STRING) analysis of genes that are preferentially associated with CXCL10 but not with TLR7 280
or TNF. Disconnected nodes in the network are not displayed. K-means clustering. Clusters and their 281
corresponding pathway analysis are presented as source files.  282

c. Proportions of TNF or CXCL10 producing macrophages among alveolar (CD206hiCD68+) 283
macrophages. Unpaired, two-tailed t-test. N=6 biologically independent mice examined over 3 284
independent experiments. MISTRG6-hACE2 mice were infected with SARS-CoV-2-mNG and lungs 285
were analyzed at 4dpi.  286

d. Distribution of CXCL10 or TNF associated genes at 4, 14, 28 dpi in lungs infected with SARS-CoV-2 or 287
not. Analysis performed on macrophages of 4dpi lungs in Fig 4D was extended to more timepoints. 288
Pearson (right) and Spearman (left) correlation values were calculated for each gene for its correlation 289
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with CXCL10 or TNF in human monocytes and macrophages isolated from uninfected and infected (4, 290
14 and 28 dpi) lungs. K-means clustering analysis.  291

 292
Extended data figure 13. SARS-CoV-2 infection of human macrophages activates inflammasomes and 293
leads to death by pyroptosis in vivo and in vitro (matched to figure 3). 294

a. Representative images of single stained cells for ASC specks, NLRP3, CD14, human CD45, mouse 295
CD45 and mouse EPCAM. Cells from SARS-CoV-2 infected humanized mice were sorted based on 296
(Extended data Fig. 6j): human immune cells (hCD45+); mouse immune cells (mCD45+) or epithelial 297
mouse cells (EPCAM+). Sorted cells were stained with single antibodies against ASC, CD14 or NLRP3. 298
Left panel shows human immune cells and right panel shows mouse immune cell (mCD45+) and mouse 299
epithelial cell (EPCAM+). Representative of n=5 independent mouse examined over 3 independent 300
experiments. 301

b. Visualization of ASC specks as a measure of inflammasome activation in mNG+ (SARS-Cov2+) or 302
mNG- (SARS-Cov2-) human immune cells at 4dpi. Human immune cells were sorted from SARS-CoV-303
2 infected humanized mice were sorted based on expression of human CD45 and mNG and lack of 304
mouse CD45 and EPCAM expression (Extended data Fig. 6j). Representative of n=5 biologically 305
independent mice examined over 3 independent experiments. 306

c. Left: Representative flow cytometry plot displaying SARS-CoV-2-mNG and Casp1-FLICA staining of 307
CD11b+ human immune cells. Right: quantification of FLICA+ cells (%) as a measure of active caspase-308
1 in infected (mNG+) and uninfected (mNG-) human lung macrophages (CD11b+hCD45+) at 4dpi and 309
14dpi. 4dpi: n=3 biologically independent mice examined over 2 independent experiments, 14dpi n=5 310
biologically independent mice examined over 3 independent experiments. Lung cells were incubated 311
with FLICA-Casp1 substrate for 30 minutes. Means with individual datapoints plotted. Paired, two-tailed 312
t-test. P<0.0001=4.29x10-9. 313

d. Quantification of Casp1-FLICA staining as a measure of active caspase-1 in infected (mNG+) human or 314
total mouse CD11b+ cells at 4dpi. Mouse cells: mCD45+CD11b+hCD45-. Human cells: mCD45-315
CD11b+hCD45+mNG+. N=6 biologically independent mice examined over 3 independent experiments. 316
Means with individual datapoints plotted. Paired, two-tailed t-test. P<0.0001=1.79x10-9. 317

e. Human IL-18 (measured by ELISA) in lungs and serum and corresponding mNG levels (measured as 318
percent within human immune cells by flow cytometry) in lungs of infected MISTRG6-hCE2 mice at 4dpi. 319
Lung: Pearson’s correlation value=0.69. N=8 biologically independent mice examined over 3 320
independent experiments. Serum: Pearson’s correlation value=0.75. n=7 biologically independent mice 321
examined over 3 independent experiments. Unpaired, two-tailed t-test. 322

f. Human IL-1RA (measured by ELISA) in lungs and serum and corresponding mNG levels (measured as 323
percent within human immune cells by flow cytometry) in lungs of infected MISTRG6-hCE2 mice at 4dpi. 324
Lung: Pearson’s correlation value=0.82 n=8 biologically independent mice examined over 3 independent 325
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experiments. Serum: Pearson’s correlation value=0.46 n=8 biologically independent mice examined over 326
3 independent experiments. Unpaired t-test, two-tailed. 327

g. LHD levels measured as absorbance at OD 490nm in serum of uninfected or infected MISTRG6-hACE2 328
mice at 4dpi and 14dpi. Fresh serum was assayed for LDH. Uninfected n=3, 4dpi n=4, 14dpi n=4 329
biologically independent mice examined over 2 independent experiments. Means with individual 330
datapoints. Unpaired, two-tailed t-test. 331

h. Zombie Aqua incorporation in infected (mNG+) or uninfected (mNG-) CD16+CD11b+ or CD16-CD11b+ 332
human myeloid cells. Frequencies of Zombie+ cells were measured in Annexin V- cells. N=5 biologically 333
independent mice examined over 2 independent experiments. Means with individual datapoints. Paired, 334
two-tailed t-test. 335

i. Representative histograms and quantification of Casp1-FLICA staining as a measure of active 336
caspase-1 in bone marrow derived macrophages (BMDM) infected with SARS-CoV-2 in vitro or not for 337
48 hours. BMDM cultures were either supplemented with healthy or COVID plasma or monoclonal 338
antibodies for the duration of the infection. Cultures were treated with Remdesivir, anti-ACE2 and anti-339
CD16 to block viral replication or viral entry. Coloring on the histograms matches the bar graph legend. 340
Uninfected n=4; healthy plasma CTRL infected n=9, anti-ACE2 n=4, RDV n=4; mAb n= 4; COVID 341
plasma CTRL infected n=12, anti-ACE2+anti-CD16 n=6, RDV n=5 independent datapoints collected 342
over at least 2 independent experiments. Means with all datapoints. Unpaired, two-tailed t-test. P- 343
values< 0.0001: COVID plasma vs. RDV: 5.85x10-6. 344

j. Representative histograms and quantification of IL-1  in supernatants of BMDM infected with (or not) 345
SARS-CoV-2 in vitro for 48 or 72 hours. Uninfected n=7, 48hpi n=10, 72hpi n=5 independent datapoints 346
collected over 3 independent experiments. Means with SD and individual datapoints. Unpaired, two-tailed 347
t-test. P- values< 0.0001: uninfected vs 72hpi= 4.96x10-7, 48hpi vs 72hpi=1.17 x10-8. 348

k. Human IL-18 levels at 48hpi in supernatants of BMDM infected or not with SARS-CoV-2 in vitro. BMDM 349
cultures were supplemented with COVID plasma for the duration of the infection. Uninfected n=4, 48hpi 350
n=7 independent datapoints collected over at least 2 independent experiments. Unpaired, two-tailed t-351
test. Means with individual datapoints. Unpaired, two-tailed t-test. 352

l. Human IL-1RA levels at 48hpi in supernatants of BMDM infected with SARS-CoV-2 in vitro or not. 353
Uninfected n=3, infected n=7 independent datapoints collected over at least 2 independent experiments. 354
Unpaired, two-tailed t-test. Means with individual datapoints. Unpaired, two-tailed t-test. 355

m. Gasdermin D (GSDMD) levels in supernatants of BMDM infected with (or not) SARS-CoV-2 in vitro for 356
48 hours. BMDM cultures were supplemented with COVID plasma for the duration of the infection. 357
Cultures were treated with Remdesivir to block viral replication. Uninfected N=3, CTRL infected n=10, 358
RDV n=3 independent datapoints collected over at least 2 independent experiments. Means with 359
individual datapoints. Unpaired, two-tailed t-test. 360

n. LHD levels measured by absorbance at OD 490nm in supernatants of infected or uninfected. Infected 361
BMDM were treated with caspase-1 inhibitor or not. Uninfected n=6, Infected n=11 independent 362
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datapoints collected over 3 independent experiments. Means with individual datapoints. Unpaired, two-363
tailed t-test. P-value= 7.38x10-6. 364

o. Zombie Aqua incorporation in uninfected or SARS-CoV-2-mNG infected BMDM. Frequencies of Zombie+ 365
cells within Annexin V- population at 48hpi are presented. Uninfected n=4, infected n=7 independent 366
datapoints collected over 3 independent experiments. Means with individual datapoints. Unpaired, two-367
tailed t-test. 368

369
Extended data figure 14. Promoting or blocking viral entry or replication in human macrophages in vivo 370
and in vitro impacts inflammatory profile of macrophages (matched to figure 3). 371

a. Human IL-18 levels measured in lung homogenates of infected (4dpi) MISTRG6-hACE2 mice treated (or 372
not) with CD16 blocking antibody (Abcam). CTRL-infected N=7, ant-CD16 n=5 biologically independent 373
mice examined over 3 independent experiments. Means with datapoints. Unpaired, two-tailed t-test. 374

b. Human IL-1RA levels measured in lung homogenates of infected (4dpi) MISTRG6-hACE2 mice treated 375
(or not) with CD16 blocking antibody (Abcam). N=4 biologically independent mice examined over 2 376
independent experiments. Means with all datapoints. Unpaired, two-tailed t-test. 377

c. Human CXCL10 levels measured in serum of infected (4dpi) MISTRG6-hACE2 mice treated (or not) with 378
CD16 blocking antibody (Abcam). CTRL infected N=7, anti-CD16 n=4 biologically independent mice 379
examined over at least 2 experiments. Mean with individual values. Unpaired, two-tailed t-test. 380

d. Human IL-18 levels measured in serum of infected (14dpi) MISTRG6-hACE2 mice treated (or not) with 381
CD16 blocking antibody (Abcam). Mice were treated with anti-CD16 blocking antibody at 7dpi and 11dpi. 382
CTRL infected N=4, anti-CD16 n=4 biologically independent mice examined over 2 independent 383
experiments. Means with individual datapoints. Unpaired, two-tailed t-test. 384

e. Human IL-18 levels measured in serum of infected (4dpi) MISTRG6 mice treated (or not) with anti-ACE2 385
antibody (Abcam). Mice were treated with anti-ACE2 antibody at 1,2,3 dpi. Uninfected n=4, CTRL infected 386
n=5, anti-ACE2 n=4 biologically independent mice examined over 2 independent experiments. Means 387
with individual datapoints. Unpaired, two-tailed t-test. P<0.0001= uninfected vs CTRL-infected=1.43x10-388
5, CTRL-infected vs anti-ACE2=6.95x10-5. 389

f. Representative flow cytometry plots of CD14 staining on total human immune cells (hCD45+) as a proxy 390
for myeloid cells in infected MISTRG6-hACE2 mice (4dpi) treated (or not) with a depleting antibody 391
against CD16 (ThermoFisher, clone 3G8). MISTRG6-hACE2 mice were infected with SARS-CoV-2-392
mNG. Representative of n=4 biologically independent mice examined over 2 independent experiments. 393

g. Frequencies of mNG+ cells in infected MISTRG6-hACE2 mice at 4dpi treated (or not) with a depleting 394
antibody against CD16 (ThermoFisher, clone 3G8). N=4 biologically independent mice examined over 2 395
independent experiments. Means with datapoints. Unpaired, two-tailed t-test. 396

h. Human IL-18 levels in serum of infected or uninfected MISTRG6-hACE2 mice that were therapeutically 397
treated with monoclonal antibodies (mAb) at 36hpi or not. Sera from infected mice were analyzed at 4dpi. 398
N=4 biologically independent mice examined over 2 independent experiments. Means with datapoints. 399
Unpaired, two-tailed t-test. 400
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i. Human IL-1RA levels in serum of infected (4dpi) or uninfected MISTRG6-hACE2 mice that were 401
therapeutically treated with mAb at 36hpi or not. Uninfected and mAB treated N=4, CTRL infected n=3 402
(matched to mAb treatment) biologically independent mice examined over 2 independent experiments. 403
Means with datapoints. Paired, two-tailed t-test. 404

j. Human IL-18 levels measured in serum of infected (14dpi) MISTRG6-hACE2 mice treated (or not) with 405
mAb (clone 135+ clone 144) at 7dpi and analyzed at 14dpi. N=3 biologically independent mice examined 406
over 2 independent experiments. Mean with individual datapoints. Unpaired, two-tailed t-test. 407

k. Frequencies of CXCL10+ macrophages within total human macrophages (hCD45+hCD68+) in lungs of 408
infected MISTRG6-hACE2 mice treated (or not) with mAb (clone 135, clone 144) at 7dpi and analyzed at 409
14dpi. Mean with individual values. Unpaired, two-tailed t-test. CTRL-infected N=5, mAb N=4 biologically 410
independent mice examined over 2 independent experiments. 411

l. Box and whisker plot (min to max, with all datapoints) of the histopathological scoring of the H&E staining 412
of infected MISTRG6-hACE2 lungs at 4dpi. Mice were either treated with monoclonal antibodies at 35hpi 413
or anti-CD16 at 2dpi. CTRL infected N=9, mAb treated n=6, anti-CD16 treated n=3 biologically 414
independent mice examined over at least 2 independent experiments. The whiskers go down to the 415
smallest value (minimum) and up to the largest value (maximum). The box extends from the 25th to 75th 416
percentiles. The median is shown as a line in the center of the box. Unpaired t-test, not significant. 417

m. Box and whisker plot (min to max, with all datapoints) of the histopathological scoring of the H&E staining 418
of infected MISTRG6-hACE2 lungs at 14dpi. Mice were either treated with monoclonal antibodies at 7dpi 419
or anti-CD16 at 7 and 11dpi. CTRL infected N=4, mAb treated n=4, anti-CD16 treated n=4 biologically 420
independent mice examined over 2 independent experiments. The whiskers go down to the smallest 421
value (minimum) and up to the largest value (maximum). The box extends from the 25th to 75th 422
percentiles. The median is shown as a line in the center of the box. Unpaired, two-tailed t-test, not 423
significant. 424

n. Human IL-18 levels in supernatants of SARS-CoV-2 infected BMDM treated with anti-CD16 and anti-425
ACE2 antibodies to block viral entry or with Remdesivir to block viral replication. CTRL infected n=8, anti-426
CD16+anti-ACE2 n=5, RDV n=5 independent datapoints over 3 independent experiments. Means with 427
all datapoints. Unpaired, two-tailed t-test. P<0.0001= 5.0x10-5. 428

o. Human IL-1  levels in supernatants of SARS-CoV-2 infected BMDM treated with anti-CD16 and anti-429
ACE2 antibodies to block viral entry or with Remdesivir to block viral replication. N=4 independent 430
datapoints over 2 independent experiments. Means with all datapoints. Unpaired, two-tailed, t-test. 431

p. Human IL-1RA in supernatants of SARS-CoV-2 infected BMDM treated with anti-CD16 and anti-ACE2 432
antibodies to block viral entry or with Remdesivir to block viral replication. CTRL infected n=7, anti-433
CD16+anti-ACE2 N=3, RDV n=3 independent datapoints over 2 independent experiments. Means with 434
all datapoints. Unpaired, two-tailed, t-test. 435

q. Human CXCL10 levels in supernatants of BMDM infected in vitro in presence or absence of anti-CD16 436
and anti-ACE2 antibodies to block viral entry. CTRL infected N=12, anti-ACE2+ anti-CD16 treated n=6 437
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independent datapoints over 2 independent experiments. Means with all datapoints. Unpaired, two-tailed, 438
t-test. 439

440
Extended data figure 15. Blockade of inflammasome activation leads to reduced cytokine production in 441
vitro (matched to figure 4). 442

a. Representative flow cytometry plots of CXCL10 and TNF staining in total macrophages and histograms 443
of CXCL10 expression in infected (mNG+) and uninfected (mNG-) macrophages from lungs of SARS-444
CoV-2-mNG infected MISTRG6-hACE2 mice treated with caspase-1 (Casp1) or NLRP3 inhibitors in vivo. 445
Mice were treated on days 6,8,10,12 post-infection and analyzed at 14dpi. Representative of n=5 446
biologically independent mice. 447

b. Mean fluorescent intensity (MFI) of CXCL10 expression in human macrophages isolated from infected 448
MISTRG6-hACE2 mice treated with Casp1 inhibitor or left untreated. N=3 biologically independent mice. 449
Representative of 3 independent experiments. Means with all datapoints and SD. Unpaired, two-tailed t-450
test. 451

c. CXCL10 levels in serum of SARS-CoV-2-mNG infected MISTRG6-hACE2 mice (14dpi) treated with 452
Casp1 or NLRP3 inhibitors. n=4 biologically independent mice examined over 2 independent 453
experiments. Means with all datapoints and SD. Unpaired, two-tailed t-test. 454

d. Frequencies of mNG+ bone marrow-derived macrophages (BMDM) infected with SARS-CoV-2-mNG in 455
vitro. BMDM were treated with caspase-1 (Casp1) or NLRP3 inhibitors or left untreated and analyzed at 456
48hpi. CTRL infected n=22, Casp1 inhibitor n=17, NLRP3 inhibitor n=6 independent datapoints collected 457
over at least 3-experiments. Means with all datapoints and SD. Unpaired, two-tailed t-test. 458

e. Frequencies of FLICA+ BMDM infected with SARS-CoV-2 in vitro for 48 hours. BMDM were treated with 459
Casp1 or NLRP3 inhibitors or left untreated. CTRL infected n=13, Casp1 inhibitor n=12, NLRP3 inhibitor 460
n=6 independent datapoints collected over at least 3 independent experiments. Means with all 461
datapoints. Unpaired, two-tailed t-test. P<0.0001=3.33x10-5. 462

f. Human IL-18 levels in supernatants of SARS-CoV-2-mNG infected BMDM treated with caspase-1 463
(Casp1) inhibitor or left untreated. CTRL infected n=8, Casp1 inhibitor-treated n=6 independent 464
datapoints collected over 2 independent experiments. Means with all datapoints and SD. Unpaired, two-465
tailed t-test. 466

g. Representative histograms and quantification of IL-1  in supernatants of BMDM infected with SARS-467
CoV-2 in vitro. Cultures were treated with caspase-1 (Casp1) inhibitor. over at least 2 independent 468
experiments. Uninfected n=7; 48hpi CTRL infected n=10, Casp1 inhibitor n=9, NLRP3 inhibitor n=3; 72hpi 469
CTRL infected n=5 Casp1 inhibitor n=3, NLRP3 inhibitor n=3 independent datapoints collected over at 470
least 2 experiments. Means with all datapoints and SD. Unpaired, two-tailed t-test. P<0.0001=4.96x10-7. 471

h. Human Gasdermin D (GSDMD) levels at 48hpi in supernatants of SARS-CoV-2-mNG infected BMDM 472
treated with Casp1 inhibitor or left untreated. CTRL infected n=10, Casp1 inhibitor-treated n=6 473
independent datapoints collected over at least 3 independent experiments. Means with all datapoints. 474
Unpaired, two-tailed t-test. 475
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i. LDH levels measured as absorbance at OD 490nm in supernatants of uninfected or SARS-CoV-2-mNG 476
infected BMDM treated with Casp1 or NLRP3 inhibitor or left untreated in vitro. Uninfected n=6, CTRL 477
infected (48hpi) n=11, Casp1 inhibitor-treated(48hpi) n=9, NLRP3 inhibitor-treated (48hpi) n=5 478
independent datapoints collected over 2 independent experiments. Means with all datapoints and SD. 479
Unpaired, two-tailed t-test. P<0.0001=7.38x10-6. 480

j. Zombie Aqua incorporation in SARS-CoV-2-mNG infected BMDM treated with Casp1 or NLRP3 inhibitor 481
or left untreated (CTRL infected). Frequencies of Zombie+ cells within Annexin V- population at 48hpi 482
are reported. Uninfected n=4, CTRL infected n=7, Casp1 inhibitor n=4, NLRP3 inhibitor n=3 over 2 483
experiments. Means with all datapoints. Unpaired, two-tailed t-test. 484

k. Human CXCL10 levels in supernatants of infected human BMDM treated with Casp1 inhibitor or NLRP3 485
inhibitor or left untreated. Supernatants were collected at 48hpi. Uninfected n=5, CTRL infected n=12, 486
Casp1 inhibitor n=5, NLRP3 n=4 independent datapoints over at least 2 independent experiments. Means 487
with all datapoints and SD. Unpaired, two-tailed t-test. 488

l. Human IL-1RA levels in supernatants of SARS-CoV-2-mNG infected human BMDM treated with Casp1 489
inhibitor or not. BMDM were treated with Casp1 inhibitor. Supernatants were collected at 48hpi. CTRL 490
infected n=7, Casp1 inhibitor-treated n=6, NLRP3 inhibitor-treated n=4 independent datapoints collected 491
over at least 2 independent experiments. Means with all datapoints. Unpaired, two-tailed t-test. 492

m. Viral titers measured as PFU in lung homogenates of MISTRG6-hACE2 mice infected with SARS-CoV-493
2 and treated with caspase-1 inhibitor in vivo. Infected MISTRG6-hACE2 mice were treated with Caspase 494
1 inhibitor on days 6,8,10,12 post-infection and analyzed at 14dpi. Lung homogenates were plaqued 495
using Vero ACE2+TMPRSS2+ cells. of CTRL infected: n=7, Casp1 inhibitor-treated: n=6 biologically 496
independent mice examined over 3 independent experiments. Box and whisker plot (min to max, with all 497
datapoints) The whiskers go down to the smallest value (minimum) and up to the largest value 498
(maximum). The box extends from the 25th to 75th percentiles. The median is shown as a line in the 499
center of the box. Ratio paired, two-tailed t-test. 500

n. Representative images of plaque assays used to quantify infectious virus in supernatants of BMDM 501
infected with SARS-CoV-2-mNG and treated with caspase-1 or NLRP3 inhibitors. Supernatants of 502
infected macrophage cultures were collected at 48hpi and plaqued using Vero ACE2+TMPRSS2+ cells. 503
Plaques were resolved at 48hpi. Representative of CTRL infected: n=13, Casp1 inhibitor-treated: n=8, 504
NLRP3 inhibitor-treated: n=5 independent datapoints collected over 3 independent experiments. 505

506
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Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Research policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection Flow cytometric data was collected in BD-LSRII instrument using Diva software. 

Data analysis Single Cell RNA Sequencing 10X Genomics: 
Raw sequencing reads were processed with Cell Ranger 3.1.0 using a human-mouse combined reference to generate a gene-cell count matrix. 
To distinguish human and mouse cells, we counted the number of human genes (nHuman) and mouse genes (nMouse) with nonzero 
expression in each cell, and selected cells with nHuman > 20 * nMouse as human cells. The count matrix of human cells and human genes was 
used in the downstream analysis with Seurat 3.260. Specifically, this matrix was filtered to remove low quality cells, retaining cells with > 200 
and < 5,000 detected genes and < 20% mitochondrial transcripts. We then log normalized each entry of the matrix by computing log 
(CPM/100 + 1), where CPM stands for counts per million. To visualize the cell subpopulations in two dimensions, we applied principal 
component analysis followed by t-SNE, a nonlinear dimensionality reduction method, to the log-transformed data. Graph-based clustering 
was then used to generate clusters that were overlaid on the t-SNE coordinates to investigate cell subpopulations. Marker genes for each 
cluster of cells were identified using the Wilcoxon test with Seurat. For the adjusted P values the Bonferroni correction was used. In this 
analysis, uninfected: 438 cells, 4dpi: 336 cells, 14dpi: 793 cells, 28dpi: 1368 cells were included. 
 
To identify differentially abundant (DA) subpopulations not restricted to clusters, we applied DA-seq59, a targeted, multiscale approach that 
quantifies a local DA measure for each cell for comprehensive and accurate comparisons of transcriptomic distributions of cells. DA measure 
defined by DA-seq. shows how much a cell’s neighborhood is enriched by the cells from either uninfected or infected lungs. DA-seq analysis 
where on our data revealed that T cells, monocytes and macrophages were responsible for most of the chronic infection driven changes. Red 
coloring signify enrichment at 28dpi lungs and blue coloring mark enrichment in uninfected lungs 
 
To combine cells from different DPIs (uninfected, 4dpi, 14dpi, 28dpi), we applied the integration method60 in Seurat to remove batch effects. 
We then performed principal component analysis and retained top 30 PCs as the input to tSNE, a nonlinear dimensionality reduction method, 
to embed the data onto 2-dimensional space for visualization. Graph-based clustering with a resolution of 0.8 was then used to generate 
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clusters that were overlaid on the t-SNE coordinates to investigate cell subpopulations. Marker genes for each cluster of cells were identified 
using the Wilcoxon test (two-tailed) with Seurat (For the adjusted P values the Bonferroni correction was used). After cell type identification, 
we separated out macrophage populations from all DPIs, and applied the same procedures as described above to re-preprocess and visualize 
the data. Clusters were redefined based on a resolution of 0.3. 
 
Bulk whole tissue lung RNA-sequencing: 
RNA isolated from homogenized lung tissue, also used for viral RNA analysis, was prepared for whole tissue transcriptome analysis using low 
input (14dpi) or conventional (28dpi) bulk RNA sequencing. Libraries were made with the help of the Yale Center for Genomic Analysis. Briefly, 
libraries were prepared with an Illumina rRNA depletion kit and sequenced on a NovaSeq. Raw sequencing reads were aligned to the human-
mouse combined genome with STAR68, annotated and counted with HTSeq69, normalized using DESeq270 and graphed using the Broad 
Institute Morpheus web tool. Differential expression analysis was also performed with DESeq2. For IFN-stimulated gene identification, http://
www.interferome.org was used with parameters -In Vivo, -Mus musculus or Homo sapiens -fold change up 2 and down 2.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A description of any restrictions on data availability

All data that support the findings of this study are available within the paper, its supplementary Information files, and source files. The data supporting this 
publication and presented as part of the supplementary information is available at Figshare.com under the project entitled, “Viral replication in human 
macrophages enhances an inflammatory cascade and interferon driven chronic COVID-19 in humanized mice” (https://doi.org/10.6084/m9.figshare.19401335). All 
10x Genomics single cell RNA sequencing and bulk RNA sequencing data that support the findings of this study are deposited in the Gene Expression Omnibus (GEO) 
repository with accession codes GSE186794 and GSE199272.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size Littermate MISTRG6 mice transplanted with  fetal liver derived CD34+ cells were infected (livermate) or left as uninfected controls. At least 
three fetal liver samples (purchased) were used to account for variability and at least 8-10 mice were transplanted and analyzed to account 
for reproducibility. 

Data exclusions Humanized mice which had lower than 30% humanization in blood were not included in the study or data collection. 

Replication All experiments described were repeated at least two times, mostly three or four times with matching littermate and livermate (engrafted 
with HSPCs isolated from the same donor)  controls. These matched controls were carried for across infection time points or control and 
treated groups.

Randomization Mice with humanization comparable (+/- 10% of mean) humanization value (% of human immune cells/ total immune cells) in blood were 
included in control vs treated groups. All these mice had >30% humanization  at 8 weeks post-engraftment.

Blinding All histopathological assessment and scoring of H&E and trichrome stained slides were performed on blinded samples by a board certified 
pathologist. Experimenters were not blinded to group allocation during sample collection of flow cytometric studies but were blinded during 
data analysis. For all other assays experimenters were blinded to group allocation for both data collection and analysis. 

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used Flow cytometry:  

All antibodies used in flow cytometry were obtained from Biolegend, unless otherwise specified.  
Antibodies against the following antigens were used for characterization or isolation of cells by flow cytometry:  
Mouse antigens: CD45(Clone: 30-F11, Cat #103130), CD45(Clone: 30-F11, Cat #103108), CD45(Clone, 30-F11, Cat #103147), 
CD326(Clone: G8.8, Cat #118218), F4/80 (Clone: BM8, Cat #123117). 
Human antigens: CD45(Clone: Hl30, Cat #304044), CD45(Clone: Hl30, Cat #304029), CD3(Clone: UCHT1, Cat #300408), CD14(Clone: 
HCD14, Cat #325620),CD16(Clone: 3G8, Cat #302030), CD16(Clone: 3G8, Cat #302006), CD19(Clone: HIB19, Cat #302218), 
CD19(Clone: HIB19, Cat #302226), CD33(Clone: WM53, Cat #983902), CD20(Clone: 2H7, Cat #302313), CD20(Clone: 2H7, Cat 
#302322), CD206(Clone: 15-2, Cat #321106), CD206(Clone: 15-2, Cat #321109), CD86(Clone: BU63, Cat #374210), CD123(Clone: 6H6, 
Cat #306006), CD11B(Clone: M1/70, Cat #101242), CD11C(Clone: 3.9, Cat #301608), HLA-DR(Clone: LN3, Cat #327014), HLA-
DR(Clone: LN3, Cat #327020), HLA-DR(Clone: LN3, Cat #327005), CD183(Clone: G025H7, Cat #353720), CD335-NKp46(Clone: 9E2, Cat 
#331916), CD4(Clone: OKT4, Cat #317440), CD8(Clone: SK1, Cat #344718), CD8(Clone: SK1, Cat #344748), CD68(Clone: Yl/82A, Cat 
#333828). 
 
Immunofluorescence: Anti-dsRNA antibody (Clone: rJ2,) was purchased from Sigma(Cat# MABE1134) or Antibodies online(Cat# 
Ab01299-23.0). Polyclonal SARS-CoV-2 RNA-dependent RNA Polymerase antibody was purchased from CellSignaling (Cat # 67988S). 
Monoclonal SARS-CoV-2 RNA-dependent RNA Polymerase antibody was purchased from Kerafest. Anti-Spike (Spike 1) antibody 
(clone: 1A9, Cat# GTX632604) was obtained from GeneTex. Anti-Spike (Spike 2) antibody (clone: T01Khu, Cat# 703958) was obtained 
from ThermoFisher.  
 
Image Flow Cytometry: 
Mouse anti-human PE-Cy7 CD16(Clone 3G8) was purchased from Biolegend (Cat# 302016). Rabbit anti-human ASC(Polyclonal) was 
purchased from Santa Cruz (Cat# sc-22514-R). Goat anti-human  NLRP3(Polyclonal) was purchased from Abcam(Cat# ab4207). 
Donkey anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody(Polyclonal) was purchased from ThermoFisher (Cat# 
A-31573). Donkey anti-Rabbit IgG (H+L) Cross-Adsorbed Secondary Antibody (Polyclonal) was purchased from ThermoFisher (Cat# 
A-10040). Donkey anti-Goat IgG (H+L) Cross-Adsorbed Secondary Antibody(Polyclonal) was purchased from ThermoFisher(Cat# 
A-21447). 
 
Therapeutic antibodies: 
Monoclonal antibody against human CD16 used in blocking experiments were purchased from Abcam (SP175). Monoclonal antibody 
against human ACE2 was purchased from Abcam. Anti-CD16 antibody used in depletion experiments was purchased from 
ThermoFisher (3G8). Monoclonal antibodies (clones 135 and 144) were acquired from M. Nussenzweig as has been previously 
described44. Anti-IFNAR2 antibody was purchased from PBL Assay science (Cat #21385-1).  
 
Mouseantigens(clone) Fluorochrome Supplier Cat # Concentration   
CD45(30-F11) PerCP Biolegend 103130 1:200   
CD45(30-F11) FITC Biolegend 103108 1:200   
CD45(30-F11) Brilliant Violet (BV) 711 Biolegend 103147 1:400   
CD326(G8.8) APC/Cyanine7 Biolegend 118218 1:200   
F4/80 (BM8) APC Biolegend 123117 1:200   
       
Humanantigens(clone) Fluorochrome Supplier Cat # Concentration   
CD45(Hl30) BV605 Biolegend 304044 1:100   
CD45(Hl30) Pacific Blue Biolegend 304029 1:100   
CD3(UCHT1) PE Biolegend 300408 1:200   
CD14(HCD14) APC/Cyanine7 Biolegend 325620 1:100   
CD16(3G8) PerCP Biolegend 302030 1:200   
CD16(3G8) FITC Biolegend 302006 1:100   
CD19(HIB19) APC/Cyanine7 Biolegend 302218 1:100   
CD19(HIB19) Alexa Fluor 700 Biolegend 302226 1:100   
CD33(WM53) APC Biolegend 983902 1:100   
CD20(2H7) APC/Cyanine7 Biolegend 302313 1:!00   
CD20(2H7) Alexa Fluor 700 Biolegend 302322 1:100   
CD206(15-2) PE Biolegend 321106 1:100   
CD206(15-2) APC Biolegend 321109 1:100   
CD86(BU63) PE/Cyanine7 Biolegend 374210 1:!00   
CD123(6H6) PE Biolegend 306006 1:100   
CD11B(M1/70) BV711 Biolegend 101242 1:100   
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CD11C(3.9) PE/Cyanine7 Biolegend 301608 1:200   
HLA-DR(LN3) Alexa Fluor 700 Biolegend 327014 1:100   
HLA-DR(LN3) PerCP Biolegend 327020 1:400   
HLA-DR(LN3) FITC Biolegend 327005 1:100   
CD183(G025H7) PE/Cyanine7 Biolegend 353720 1:100   
CD335-NKp46(9E2) PE/Cyanine7 Biolegend 331916 1:!00   
CD4(OKT4) BV711 Biolegend 317440 1:100   
CD8(SK1) Pacific Blue Biolegend 344718 1:100   
CD8(SK1) BV421 Biolegend 344748 1:200   
CD68(Yl/82A) BV421 Biolegend 333828 1:200   
       
Antibodies used in vivo: Fluorochrome Supplier Cat # concentration   
anti-CD16 (SP175) unconjugated Abcam ab183354 20ug per mouse   
anti-IFNAR2 (MMHAR-2) unconjugated pbl assay science 21385-1 1.5mg/kg    
anti-CD16 (3G8) unconjugated Thermo 16-0166-82 20ug per mouse   
anti-ACE2 (MM0073-11A31) unconjugated Abcam ab89111 20ug per mouse   
       
IF staining Fluorochrome Supplier Cat # concentration   
Anti-dsRNA antibody (rJ2)  (Mouse) 1 mg/ml unconjugated Sigma-Aldrich MABE1134 1:100 dilution (100ug/ml)   
Anti-dsRNA antibody (rJ2)  (Rabbit) 1 mg/ml unconjugated Antibodies online Ab01299-23.0 1:100 dilution (100ug/ml)   
anti-SARS-CoV-2 RNA-dependent RNA Polymerase  unconjugated Cell signaling 67988S 1:100   
Anti-Spike antibody (1A9)  1 mg/ml unconjugated GeneTex.   GTX632604 1:100 dilution (100ug/ml)   
anti-human CD68  (mouse)  FITCI-conjugated  Biolegend  333805 1:100   
anti-human CD68 polyclonal (rabbit) 0.05 mg/ml unconjugated  ThermoFisher/Invitrogen  PA5-83940 1:100 dilution (5ug/ml)   
anti-human CD68 monoclonal (mouse) 0.5 mg/ml unconjugated Invitrogen  MA5-13324 1:100 dilution (50ug/ml)   
anti-SARS-CoV-2 RNA-dependent RNA Polymerase  unconjugated Kerafest ESG004 1:300   
Anti-spike unconjugated ThermoFisher 703958 1:50 (5ug/ml)   
       
IF staining Fluorochrome Supplier Cat # concentration   
Mouse anti-human PE-Cy7 CD16(Clone 3G8) PE/Cyanine7 BioLegend 302016 1:200   
Rabbit anti-human  ASC(Polyclonal) unconjugated Santa Cruz sc-22514-R 1:200   
Goat anti-human  NLRP3(Polyclonal) unconjugated Abcam ab4207 1:200   
Donkey anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody(Polyclonal) Alexa Fluor 647 ThermoFisher A-31573 1:1000   
Donkey anti-Rabbit IgG (H+L) Cross-Adsorbed Secondary Antibody (Polyclonal) Alexa Fluor 546 ThermoFisher A-10040 1:1000   
Donkey anti-Goat IgG (H+L) Cross-Adsorbed Secondary Antibody(Polyclonal)  Alexa Fluor 647 ThermoFisher A-21447 1:1000  

Validation Validation: 
 
All antibodies used in this study are commercially available (except for monoclonal antibodies), and all have been validated by the 
manufacturers and/or used by other publications. Likewise, we titrated these antibodies based on requirements of our samples. The 
following were validated in the following species:  
 
Flow cytometry: 
Antibody (clone)/ Source/ Reactivity 
CD45  (30-F11) -Biolegend- mouse 
CD326 (G8.8) -Biolegend- mouse 
CD45 (Hl30) -Biolegend- Human, Chimpanzee 
CD3 (UCHT1) -Biolegend- Human, Chimpanzee 
CD14 (HCD14) -Biolegend- Human 
CD16 (3G8) -Biolegend- Human, African Green, Baboon, Capuchin Monkey, Chimpanzee, Cynomolgus, Marmoset, Pigtailed Macaque, 
Rhesus, Sooty Mangabey, Squirrel Monkey 
CD19 (HIB19) -Biolegend- Human, Chimpanzee, Rhesus 
CD33 (WM53) -Biolegend- Human 
CD206 (15-2) -Biolegend- Human 
CD86 (BU63) -Biolegend- Human 
CD123(6H6) -Biolegend- Human, Rhesus 
CD11B (M1/70) -Biolegend- Mouse, Human, Chimpanzee, Baboon, Cynomolgus, Rhesus, Rabbit 
CD11C (3.9) -Biolegend- Human, African Green, Baboon, Chimpanzee, Cynomolgus, Rhesus, Squirrel Monkey 
HLA-DR(LN3) -Biolegend- Human, Rhesus 
CD183 (G025H7) -Biolegend- Human, African Green, Baboon, Cynomolgus, Rhesus 
CD335-NKp46 (9E2) -Biolegend- Human 
CD4(OKT4) -Biolegend- Human, Chimpanzee, Cynomolgus, Rhesus 
CD8(SK1) -Biolegend- Human, African Green, Chimpanzee, Cynomolgus, Pigtailed Macaque, Rhesus, Sooty Mangabey 
CD68(Yl/82A) -Biolegend- Human 
 
Antibodies used in vivo: 
 
anti-IFNAR2 (MMHAR-2)-pbl assay science-Human 
anti-CD16 (SP175)-Abcam- Human 
anti-CD16 (3G8)-ThermoFisher-Human 
anti-ACE2 (ab89111)-Abcam-Human 
 
Antibodies used in IF: 
Anti-dsRNA antibody (rJ2) -Sigma-Aldrich-double stranded RNA produced by positive sense genome viruses, greater than 40 bp in 
length. 
Anti-SARS-CoV-2 RNA-dependent RNA Polymerase -Cell signaling- virus 
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Anti-Spike antibody (1A9)-GeneTex-SARS Coronavirus 
Anti-Spike antibody(T01KHu)- ThermoFisher -SARS Coronavirus 
Anti-SARS-CoV-2 RNA-dependent RNA Polymerase (4E6) -Kerafest- SARS Coronavirus 
Anti-human CD68 (polyclonal)-ThermoFisher- Human 
Anti-human CD68 monoclonal (KP1)-Invitrogen- Cat, Human, Non-human primate, Rat  
Anti-human CD68(Y1/82A)-Biolegend-Human 
 
Imaging Flow Cytometry: 
Mouse anti-human PE-Cy7 CD16(Clone 3G8)- BioLegend- Human, African Green, Baboon, Capuchin Monkey, Chimpanzee, 
Cynomolgus, Marmoset, Pigtailed Macaque, Rhesus, Sooty Mangabey, Squirrel Monkey 
 
anti-human  ASC(Polyclonal)- Santa Cruz-Human, Mouse, Rat 
anti-human  NLRP3(Polyclonal)- Abcam-Human 
anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody(Polyclonal)- ThermoFisher Rat (IgG), Rabbit 
anti-Rabbit IgG (H+L) Cross-Adsorbed Secondary Antibody (Polyclonal)- ThermoFisher- heavy chains on mouse IgG and light chains on 
all rabbit immunoglobulins. 
anti-Goat IgG (H+L) Cross-Adsorbed Secondary Antibody(Polyclonal)- ThermoFisher-goat 

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s) VERO C1008 (Vero 76, clone E6, Vero E6) were obtained from ATCC. Vero ACE2+ TMPRSS2+ cells were obtained from B. 
Graham (NIAID).

Authentication None of the cell lines were authenticated

Mycoplasma contamination Cell lines were not tested for mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Commonly misidentified cell lines were not used in the study.

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals The studies described here involve the engraftment of human hematopoietic stem and progenitor cells in immunocompromised 
MISTRG6 mice. MISTRG6 was generated by R. Flavell based on the Rag2-/- IL2rg-/-129xBalb/c background with genes for human M-
CSF, IL-3, SIRPα, thrombopoietin, GM-CSF and IL6 knocked into their respective mouse loci. CD1 strain of mice were used for cross-
fostering to stabilize healthy microbiota. Mice were housed in 14 hour light and 10 hour dark cycle maintained at 40-60% humidity 
and 72 degrees F +/- 2 degrees. All of the animals in this project were housed in the animal care facility  at Yale University School of 
Medicine under appropriate biosafety level conditions (1,2,3). These facilities are specifically designed for this purpose and are 
administered by the Departments of Comparative Medicine according to National Institutes of Health guidelines. 

Wild animals The study did not involve wild animals.

Field-collected samples The study does not involve field-collected samples.

Ethics oversight Departments of Comparative Medicine according to National Institutes of Health guidelines; Institutional Animal Care and Use 
Committee (IACUC).

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Flow Cytometry

Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation Mouse Model: 
 
This humanized mouse COVID-19 model  faithfully recapitulates the innate and adaptive human immune responses during 
infection with SARS-CoV-2.  We achieve this by adapting recombinant adeno-associated virus (AAV)-driven gene therapy to 
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deliver human ACE2 (hACE2) to the lungs of engrafted MISTRG6 mice (MISTRG6-hACE2) and infecting these mice with SARS-
Cov-2 . All samples including uninfected controls were prepared in Biosafety level 3 facilities. Human immune cell 
reconstitution is achieved by transplantation with human CD34+ HSPCs into newborn MISTRG6 mice. 
 
Therapeutics: 
 
SARS-CoV-2 infected MISTRG6-hACE2 were treated intraperitoneally daily with dexamethasone at 10mg/kg for 3 days 
starting at 7dpi. Mice were treated subcutaneously with Remdesivir at 25mg/kg dosing as has been previously described22 
for 3 consecutive days starting at 7dpi (Fig. 1) or 1dpi (Fig. 2- for human macrophage infection studies mice were treated 
twice, daily). Mice were treated with anti-IFNAR2 antibody at 1.5mg/kg dosing on days 7 and 11 post infection.  
 
Infected MISTRG6-hACE2 mice were treated with two different clones of anti-human CD16 antibodies. For CD16 blockade 
experiments, mice were treated with anti-CD16 (Abcam, cloneSP175) antibody at 2dpi with a single dose (20ug per mouse) 
or at 7dpi and 11dpi. For depletion experiments mice were treated with anti-CD16 (ThermoFisher, clone 3G8) antibody with 
a daily dose of 20ug for 3 days starting 1dpi. 
 
Infected MISTRG6 (without AAV-hACE2) mice were treated with monoclonal antibody against human ACE2 (Abcam-ab89111) 
for 3 days i.p. with a daily dose of 20ug starting at 1dpi. 
 
Infected MISTRG6-hACE2 mice received a mixed cocktail of monoclonal antibodies clone 135 (m135) and clone 144(m144) at 
20mg/kg at 35hpi or 7dpi. Monoclonal recombinant antibodies (mAbs) used in this study were cloned from the convalescent 
patients (whose plasma was used for in vitro studies infecting BM-macropahges) and had high neutralizing activity against 
SARS-CoV-2 in vitro and in vivo in mouse adapted SARS-CoV-2 infection and ancestral stain of SARS-CoV-2/WA1 12,27,54. 
 
For NLPR3 inhibitor experiments, Infected MISTRG6-hACE2 mice were treated with MCC950 (R&D Systems) at a dose of 8 
mg/kg intraperitoneally on  days 6, 8, 10,12  post infection and euthanized on day 14.For caspase 1 inhibitor experiments, 
Infected MISTRG6-hACE2 mice treated with VX-765 (Invivogen) at a dose of 8 mg/kg on days 6, 8, 10,12 post infection and 
euthanized on day 14.  Control infected mice were treated with PBS.  
 
All mice were analyzed at approximately 9-14 weeks of age. Single cell suspensions were prepared from BAL and lung. Mice 
were euthanized with 100% isoflurane. BAL was performed using standard methods with a 22G Catheter (BD). Blood was 
collected either retro-orbitally or via cardiac puncture following euthanasia. BAL was performed using standard methods with 
a 22G Catheter (BD)61. Lungs were harvested, minced and incubated in a digestion cocktail containing 1 mg/ml collagenase D 
(Sigma) and 30 μg/ml DNase I (Sigma-Aldrich) in RPMI at 37°C for 20 min. Tissue was then filtered through a 70-μm filter. 
Cells were treated with ammonium- chloride-potassium buffer and resuspended in PBS with 1% FBS. Mononuclear cells were 
incubated on ice with human (BD) and mouse (BioxCell, BE0307) Fc block for 10 min. After washing, surface antibody staining 
was performed at 4C for 20 min. After washing with PBS, cells were fixed using 4% paraformaldehyde. For intracellular 
staining, cells were washed with BD permeabilization buffer and stained in the same buffer for 45 min at room temperature. 
Samples were analyzed on an LSRII flow cytometer (BDBiosciences). 
 
RNA isolated from homogenized lung tissue used for viral RNA analysis was also used for whole tissue transcriptome analysis. 
Libraries were made with the help of the Yale Center for Genomic Analysis. Briefly, libraries were prepared with an Illumina 
rRNA depletion kit and sequenced on a NovaSeq.  
 
Single cell suspensions from digested lungs were processed for droplet based scRNA-seq and 10000 cells were encapsulated 
into droplets using 10X Chromium GEM technololgy. Libraries were prepared in house using Chromium Next GEM Single Cell 
3ʹ Reagent Kits v3.1 (10X Genomics). scRNA-seq libraries were sequenced using Nova-Seq.  
 
In vitro infection with SARS-CoV-2: 
 
Using aseptic techniques under sterile conditions, bone marrow cells were isolated from femurs of reconstituted MISTRG6 
mice. For differentiation into macrophages, bone marrow cells were incubated in media supplemented with 10% FBS, 1% 
penicillin/streptomycin and recombinant human M-CSF (50ng/ml), GM-CSF (50ng/ml) and IL-4 (20ng/ml) at 1x106 per ml 
concentration for 6 days in 5% CO2 incubator at 37°C. Media supplemented with 10% FBS was replenished with new media 
every 3–4 days. Prior to infection, cells were monitored for granularity, elongated morphology, and stronger adherence to 
the plate. Human macrophages were then cultured with SARS-CoV-2 in presence or absence of COVID patient plasma, 
healthy plasma, monoclonal antibodies, Remdesivir, anti-CD16 antibody, anti-ACE2 antibody, control isotype antibody, 
caspase-1 inhibitor (VX-765) or NLRP3 inhibitor (MCC950). Ex vivo lung macrophage cultures: to enrich for human 
macrophages and monocytes lung cells from uninfected MISTRG6 mice were sorted based on CD11b and human CD45 
expression. These cells were then incubated with GM-CSF and IL-4 for 48 hours to mature macrophages. Non-adherent cells 
were aspirated prior to culturing with SARS-CoV-2. BM-macrophages in vitro or lung macrophages ex vivo were cultured with 
a viral inoculum at 10^4 PFU of SARS-CoV-2-mNG (~ MOI=0.1). These macrophage cultures were then incubated at 37 C, 5% 
CO2 for 24, 48 and 72 hours at which time cells were harvested. Cells were dissociated from culture plate with 10 mM EDTA 
or Accutase (ThermoFisher) cell dissociation reagent(10-20 minutes). For studies pertaining to the mechanism of viral entry, 
viral replication and inflammasome activation, infected macrophages were treated with Remdesivir (10uM), anti-CD16 
(Abcam clone, 10μg/ml) and anti-ACE2 (10 μg/ml), caspase-1 inhibitor (VX765, 20μM) and NLRP3 inhibitor (MCC950, 20μg/
ml) in culture. Cells were stained when applicable and fixed for 30 min with 4% PFA. Convalescent plasma samples from the 
top 30 neutralizers in a cohort of 148 individuals were pooled to create a mixture with an NT50 titer of 1597 against HIV-1 
pseudotyped with SARS-CoV-2 S protein30. We used this pooled serum at a concentration of 5μl-plasma/ml for in vitro 
experiments and refer to it as COVID patient plasma. Healthy plasma was collected from healthy volunteers and pooled prior 
to COVID-19 pandemic and used at a concentration of 5μl-plasma/ml. Monoclonal antibodies were used at 4 μg per ml 
concentration.  
 
Imaging flow cytometry: 
 
For imaging flow cytometry, cells from SARS-CoV-2 infected humanized mice were sorted based on: human immune cells 
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(hCD45+); mouse immune cells (mCD45+) or epithelial mouse cells (EPCAM+). A- mNG+ epithelial cells (SARS-CoV-2-mNG+ 
mCD45(PE)- EPCAM(APC)+ hCD45(PB)-; B-total mouse immune cells (mCD45(PE)+ EPCAM(APC)- hCD45(PB-); C- mNG+ 
human immune cells (SARS-CoV-2-mNG+ mCD45(PE)- EPCAM(APC)- hCD45(PB)+); D- mNG- human immune cells (SARS-
CoV-2-mNG- mCD45(PE)-EPCAM(APC)- hCD45(PB)+). These sorted cells (epithelial or immune cells) were fixed in 4% PFA for 
at least 30 minutes and permeabilized with 0.1% Triton X-100 for 10 min and washed twice with PBS + 3% FBS. Cells were 
then blocked for 30 min with PBS + 5% FBS, washed twice and then stained with unconjugated primary antibodies for ASC 
(1:200, mouse or rabbit), NLRP3 (1:200, goat) for 2 h, followed by 3 washes with PBS + 3% FBS. Cells were then stained with 
secondary antibodies (donkey anti-mouse, rabbit or goat conjugated with AlexaFluor 488, 546 or 647, at 1:1000) for 1 h in 
PBS + 3% FBS, followed by 3 washes. Cells were resuspended in PBS + 3% FBS for analysis. Data were acquired using an 
ImageStream X MKII (Amnis) with 63x magnification and analyzed using Ideas software (Amnis). 1000 cells per each condition 
were analyzed ASC, NLRP3 specks were gated and quantified based on fluorophore intensity/max pixels. For FLICA-Caspase1 
colocalization, macrophages were pretreated with FLICA prior to sorting.  
 
 

Instrument BD LSRII (with yellow-green laser), 10x Chromium, NovaSeq, BD FACS Aria II contained in a Baker BioProtect IV Biological 
Safety Cabinet,  Keyence BZ-X800 Fluorescence Microscope or Nikon ECLIPSE Ti Series Confocal Microscope.

Software FlowJo 9.3.2 version; Morpheus (https://software.broadinstitute.org/morpheus); Prism v9. STRING v11.0. 

Cell population abundance Describe the abundance of the relevant cell populations within post-sort fractions, providing details on the purity of the 
samples and how it was determined.

Gating strategy Cells were analyzed using 5 different staining panels based on the cell of interest. Cells were gated on live cells. Human 
immune cells within the live gate were selected by excluding mouse CD45+ and including human CD45+ cells. Human 
macrophages were gated by CD68, CD11b and high HLA-DR co-expression. Alveolar macrophages were identified by high 
expression of CD206 and CD86. Inflammatory macrophages had low or no expression of CD206 but expressed high levels of 
CD86 within the CD68+ population. Monocytes were gated within CD68 negative gate and identified based on expression of 
CD14 and/or CD16.  T cells were gated based on CD3+ expression within human immune cells. Activation and polarization of 
T cells were measured by HLA-DR and CXCR3 expression within CD3+ cells. Plasmacytoid dendritic cells were selected by 
exclusion of CD16+, CD14+, CD11B+ cells within human immune cells and had low or no expression of CD11c and high 
expression of CD123. CXCL10 and TNF producing macrophages were identified within human macrophages as described. 
Infected macrophages and epithelial were identified based on mNG expression.  All frequencies are either reported out of 
hCD45+ cell populations or their parent gate. Live cells were identified by using a fixable viability dye (Biolegend). Cell 
numbers were calculated by using counting beads (Biolegend). Sequential gating strategies for cell-sorting and analysis are 
provided in  Extended data figures: 1a, 6d, 6j, 11a, 15a.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.




