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Figure S1: SARS-CoV-2 Omicron BA.5 induces increased virus titers and pathology following infection.  A-F. 
K18-hACE2 mice were infected with 3.25x104 PFU SARS-CoV-2 Omicron BA.1and BA.5. Lungs were collected for 
H&E and IHC. A. Representative H&E staining (a,b,e,f)) of lung histopathology or IHC for SARS-CoV-2 N protein 
(c,d,g,h) (one section analyzed per mouse) in Omicron BA.1 infected 3 month old mice at 14 dpi (a-d) or Omicron 
BA.5 (e-h) (BA.1 n = 8, BA.5 n = 9). Mice infected with Omicron BA.5 had more significant lesions with increased 
perivascular infiltrates (arrowheads), interstitial infiltrates (asterisk), inflammatory cells in alveoli (arrow), and mild 
alveolar edema compared to mice infected with Omicron BA.1. Scale bar a,c,e,g = 1 mm ; b,d,f,h = 100 µm. For 
histopathology and IHC analyses, representative images were selected based on the mean pathological score. B. 
Histopathology scores at death or endpoint. Triangle represents mice euthanized before 14 dpi and circle represent mice 
euthanized 14 dpi (BA.1 n = 8, BA.5 n = 9). C. IHC score at death or endpoint. Triangles represent mice euthanized 



before 14 dpi and circles represent mice euthanized 14 dpi (BA.1 n = 8, BA.5 n = 9). D. Representative H&E staining 
(a,b,e,f) of lung histopathology or IHC staining with an anti-SARS-CoV-2 N protein antibody (c,d,g,h) (one section 
analyzed per mouse) at 14 dpi in 5-8 month old mice infected with Omicron BA.1 (a-d) or Omicron BA.5 (e-h) (BA.1 
n = 3, BA.5 n = 8). Mice infected with Omicron BA.5 had more significant lesions with increased perivascular infiltrates 
(arrowheads), interstitial infiltrates (arrows), edema in alveoli (asterisk), and inflammatory cells in alveoli compared to 
mice infected with Omicron BA.1. Scale bar a,c,e,g = 1 mm ; b,d,f,h = 100 µm. For histopathology and IHC analyses, 
representative images were selected based on the mean pathological score. E. Histopathological score at death or 
endpoint. Triangle represents mice euthanized before 14 dpi and circle represent mice euthanized 14 dpi (BA.1 n = 3, 
BA.5 n = 8). F. IHC scores at death or endpoint. Triangles represent mice euthanized before 14 dpi and circles represent 
mice euthanized 14 dpi (BA.1 n = 3, BA.5 n = 8). Data are means ± S.E.M. G. Virus titers in the lungs of 3-month old 
mice (BA.1 n = 8, BA.5 n = 9). Triangles represent mice euthanized before 14 dpi and circles represent mice euthanized 
14 dpi. Data are means ± S.E.M. H. Viral RNA in the lungs of 3-month old mice at endpoint (BA.1 n = 8, BA.5 n = 9). 
Data are means ± S.E.M. I. Virus titers in the lungs of 5-8 month old mice (BA.1 n = 3, BA.5 n = 8). Data are means 
± S.E.M.  J. Viral RNA levels in the lung of 5-8 month old mice (BA.1 n = 3, BA.5 n = 8). Data are means ± S.E.M. 
K. Viral RNA in the brains of 3-month old mice at endpoint (BA.1 n = 8, BA.5 n = 9). Data are means ± S.E.M. L. 
Viral RNA in the brains of 5-8 month old mice at endpoint (BA.1 n = 3, BA.5 n = 8). Data are means ± S.E.M. 
  



  
 
 
Figure S2: Viral titers 1, 2 and 5 dpi. A. Viral RNA quantification by RT-qPCR in the oral cavity of 3 and 5 month 
old K18-hACE2 mice infected with Omicron BA.1 and Omicron BA.5 (BA.1 n = 9, BA.5 n = 9) at 1 dpi, or B. 2 dpi. 
C. Brain plaques from 2 dpi. D. Brain viral RNA quantification by RT-qPCR from 5 dpi (BA.1 n = 9, BA.5 n = 10). E. 
Representative H&E staining (a,b,e,f) or IHC staining with an anti-SARS-CoV-2 N protein antibody (c,d,g,h) (one 
section analyzed per mouse) of brain tissue at death or study endpoint in K18-hACE2 mice infected with Omicron 
BA.1 (a-d) or Omicron BA.5 (e-h). The brain of all mice infected with either strain is histologically normal with no 
evidence of immunolabeling. Scale bar a,c,e,g = 2 mm ; b,d,f,h = 100 µm. F. Lung plaques, and G. Lung plaque area 
from 5 dpi (BA.1 n = 10, BA.5 n = 10). One-way ANOVA with Tukey’s multiple comparison test.  



 
 
 
Figure S3: Gating strategy for analysis of lung immune cells. Cells were stained and analyzed via flow cytometry. 
Representative images are shown to demonstrate the gating strategy for the indicated populations. 
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Figure S4: Lymph node immune cell profile following SARS-CoV-2 Omicron infection. K18-hACE2 mice were 
infected with SARS-CoV-2 Omicron BA.1and BA.5 (BA.1 n = 10, BA.5 n = 10). At 5 dpi, mediastinal lymph nodes 
were collected and immune cells were analyzed by flow cytometry. A. Total CD4+ cells in the lymph nodes. B. Percent 
activated CD4+ T cells. C. CD8+ T cells in the lymph node. D. Percent activated CD8+ T cells. E. gd T cells in the 
lymph node. F. Total B cells in the lymph node. All data are means ± S.E.M. 
  

CD4+ T cellsA

BA.1
BA.5

0

100000

200000

300000

400000

C
ou

nt
 

✱

CD4+CD69+ (%)B

BA.1
BA.5

0

20

40

60

%
 C

D
69

+

CD8+ T cellsC

BA.1
BA.5

0

100000

200000

300000

C
ou

nt
 

✱✱
CD8+CD69+ (%)D

BA.1
BA.5

0

20

40

60

80

100

%
 C

D
69

+

!"+ T cellsE

BA.1
BA.5

0

5000

10000

15000

C
ou

nt
 

CD19+B220+F

BA.1
BA.5

0

20000

40000

60000

80000

100000

C
ou

nt
 

Supplemental Figure 4



 
  

                               -----------------------------NTD--------------- 
Omicron BA.5 MFVFLVLLPLVSSQCVNLITRTQ---SYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS    57 
Omicron BA.1 MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS    60 
Wuhan-Hu-1   MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS    60 

 
                  ------------------------------------------------------------- 

Omicron BA.5 NVTWFHAI--SGTNGIKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV   115 
Omicron BA.1 NVTWFHVI--SGTNGTKRFDNPVLPFNDGVYFASIEKSNIIRGWIFGTTLDSKTQSLLIV   118 
Wuhan-Hu-1   NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV   120 

 
                  ------------------------------------------------------------- 

Omicron BA.5 NNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE   175 
Omicron BA.1 NNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE   178 
Wuhan-Hu-1   NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE   180 

 
                  ------------------------------------------------------------- 

Omicron BA.5 GKQGNFKNLREFVFKNIDGYFKIYSKHTPINL--GRDLPQGFSALEPLVDLPIGINITRF   233 
Omicron BA.1 GKQGNFKNLREFVFKNIDGYFKIYSKHTPIIVREPEDLPQGFSALEPLVDLPIGINITRF   238 
Wuhan-Hu-1   GKQGNFKNLREFVFKNIDGYFKIYSKHTPINL--VRDLPQGFSALEPLVDLPIGINITRF   238 

 
                  ------------------------------------------------------------- 

Omicron BA.5 QTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSE   293 
Omicron BA.1 QTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSE   298 
Wuhan-Hu-1   QTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSE   298 

 
                  ---------          ----------------------------------------- 

Omicron BA.5 TKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFDEVFNATRFASVYAWNRKRI   353 
Omicron BA.1 TKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFDEVFNATRFASVYAWNRKRI   358 
Wuhan-Hu-1   TKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRI   358 

 
                  --------------------------RBD------------------------------- 

Omicron BA.5 SNCVADYSVLYNFAPFFAFKCYGVSPTKLNDLCFTNVYADSFVIRGNEVSQIAPGQTGNI   413 
Omicron BA.1 SNCVADYSVLYNLAPFFTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGNI   418 
Wuhan-Hu-1   SNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKI   418 

 
                  ------------------------------------------------------------- 

Omicron BA.5 ADYNYKLPDDFTGCVIAWNSNKLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGNK   473 
Omicron BA.1 ADYNYKLPDDFTGCVIAWNSNKLDSKVSGNYNYLYRLFRKSNLKPFERDISTEIYQAGNK   478 
Wuhan-Hu-1   ADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGST   478 

 
                  ------------------------------------------------------------- 

Omicron BA.5 PCNGVAGVNCYFPLQSYGFRPTYGVGHQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKC   533 
Omicron BA.1 PCNGVAGFNCYFPLRSYSFRPTYGVGHQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKC   538 
Wuhan-Hu-1   PCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKC   538 

 
                  ---------- 

Omicron BA.5 VNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVI   593 
Omicron BA.1 VNFNFNGLKGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVI   598 
Wuhan-Hu-1   VNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVI   598 

 
Omicron BA.5 TPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEYVNN   653 
Omicron BA.1 TPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEYVNN   658 
Wuhan-Hu-1   TPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNN   658 

 
                                         S1/S2 

Omicron BA.5 SYECDIPIGAGICASYQTQTKSHRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNF   713 
Omicron BA.1 SYECDIPIGAGICASYQTQTKSHRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNF   718 
Wuhan-Hu-1   SYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNF   718 

 
Omicron BA.5 TISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLKRALTGIAVEQDKNT   773 
Omicron BA.1 TISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLKRALTGIAVEQDKNT   778 
Wuhan-Hu-1   TISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNT   778 
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Figure S5: Sequence alignment of SARS-CoV-2 S proteins comparing SARS-CoV-2 Wuhan 
to Omicron BA.1 and Omicron BA.5. 

                                          S2’ --fusion peptide---- 
Omicron BA.5 QEVFAQVKQIYKTPPIKYFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYG   833 
Omicron BA.1 QEVFAQVKQIYKTPPIKYFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYG   838 
Wuhan-Hu-1   QEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYG   838 

 
     -----------------    

Omicron BA.5 DCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPF   893 
Omicron BA.1 DCLGDIAARDLICAQKFKGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPF   898 
Wuhan-Hu-1   DCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPF   898 

 
                              ------------------------------HR1--------------- 

Omicron BA.5 AMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNHNAQA   953 
Omicron BA.1 AMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNHNAQA   958 
Wuhan-Hu-1   AMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQA   958 

 
                  -------------------------- ---------------------HR2--------- 

Omicron BA.5 LNTLVKQLSSKFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEI  1013 
Omicron BA.1 LNTLVKQLSSKFGAISSVLNDIFSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEI  1018 
Wuhan-Hu-1   LNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEI  1018 

 
                  -------------------------------------------  -----------TM-- 

Omicron BA.5 RASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTA  1073 
Omicron BA.1 RASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTA  1078 
Wuhan-Hu-1   RASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTA  1078 

 
     ---------------------------------------------------------- --  

Omicron BA.5 PAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVY  1133 
Omicron BA.1 PAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVY  1138 
Wuhan-Hu-1   PAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVY  1138 

 
   ---------------------------------------------------------- --  

Omicron BA.5 DPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLI  1193 
Omicron BA.1 DPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLI  1198 
Wuhan-Hu-1   DPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLI  1198 

 
     -------------  -------------------------CT------------------  

Omicron BA.5 DLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDE  1253 
Omicron BA.1 DLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDE  1258 
Wuhan-Hu-1   DLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDE  1258 

 
     ---------------    

Omicron BA.5 DDSEPVLKGVKLHYT*                                              1269 
Omicron BA.1 DDSEPVLKGVKLHYT*                                              1274 
Wuhan-Hu-1   DDSEPVLKGVKLHYT*                                              1274 

 
 



 
Flow cytometry antibodies. 
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