
 658 

Fig. 3. Changes in Signaling Pathways within the cortical BA9.   659 

Canonical Pathway Similarities as seen in panel A, show top regulated canonical pathways 660 

within the cortical BA9 in SARS-CoV-2, AD, and SARS-CoV-2 infected AD cases in 661 

reference to the control. Activation score (Z-score) is shown on the X-axis, while the 662 

pathways are indicated on the Y-axis. The color of the points indicates the IPA 663 

comparison, while the size of the point represents the -log10 p-value of the IPA 664 

comparison, with the larger points indicating the lowest p-values. The predicted gene 665 

regulation of the Neuroinflammation, TREM1 and NGF pathways, shown in panel B, 666 

indicate that SARS-CoV-2, AD and SARS-CoV-2 infected AD groups have similar 667 

expression in key inflammatory and neuronal pathways.   668 
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 669 

Fig. 4. Changes in Signaling Pathways within the HF.   670 

Canonical pathway similarities as seen in panel A, top regulated canonical pathways were 671 

compared within the HF in SARS-CoV-2, AD, and SARS-CoV-2 infected AD cases in 672 

reference to the control. Activation score (Z-score) is shown on the X-axis, while the 673 

pathways are indicated on the Y-axis. The color of the points indicates the IPA 674 

comparison, while the size of the point represents the -log10 p-value of the IPA 675 

comparison, with the larger points indicating the lowest p-values. The predicted gene 676 

regulation of the Neuroinflammation, TREM1 and NGF pathways, shown in panel B, 677 

indicate that SARS-CoV-2, AD and SARS-CoV-2 infected AD groups have similar 678 

expression in key inflammatory and neuronal pathways.   679 
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 680 

Fig. 5. Microgliosis and nodular lesions in neurological controls, SARS-CoV-2, AD and 681 

SARS-CoV-2 infected individuals.  682 

The level of microglial activation was assessed by immunohistochemical staining using anti-Iba-1 683 

antibody with Vector Red. The presence of SARS-CoV-2 was assessed using an antibody against 684 

the virus nucleocapsid and visualized with DAB. Parenchymal microglia are more frequent and 685 

highly activated in the context of infection with and without AD, as shown by thickened 686 

processes, enlarged soma, and loss of individual cellular domain in panels B-D, as compared to 687 

age-matched controls shown in A and E. When present, SARS-CoV-2 localizes to the blood 688 

vessel endothelium shown in panels G, H, K, L (black arrows). Microglia appear to gather around 689 

blood vessels in disease but do not form cuffs (F, G, H). Nodular lesions are seen in most cases 690 

assessed, regardless of disease status (I-L), however, they appear larger and more frequent in the 691 

context of disease shown in panels J-L, as compared to controls, panel I. A multiplex algorithm 692 

was used to count all cells, using DAPI+ nuclei, with HALO and calculate percent frequency of 693 

Iba-1+ microglia, shown in panels M-O. There was upregulation of Iba-1 in the hippocampus as 694 

compared to the cortical BA9 region for most cases, though there is a significantly higher ratio of 695 

microglia relative to other cells when comparing the AD and SARS-CoV-2 infected AD cases to 696 
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the control group shown in panel M. This trend seems to hold true for cortical BA9 region as 697 

well, where the only groups with a significant difference in microglia ratios are the control and 698 

SARS-CoV-2 infected AD cases shown in panel N. When all cases have both regions averaged, 699 

the level of microgliosis is shown to be higher in the AD and SARS-CoV-2 infected AD cases 700 

when compared to control in panel O. Graphs P-R show the normalized counts of microglial 701 

nodule frequency. A higher frequency of nodules is seen in the HF, however, the difference 702 

between groups did not reach statistical significance as shown in panel P. In contrast, fewer 703 

nodules are seen in cortical BA9, overall. A statistically significant higher number of lesions are 704 

seen in SARS-CoV-2 infected AD cases, as compared to control cortical BA9, suggesting greater 705 

inflammation in the cortical BA9 of patients with both AD and SARS-CoV-2 infection, shown in 706 

panel Q. Significance was maintained between the control and SARS-CoV-2 infected AD groups 707 

when the average was taken for both brain regions per case shown in panel R. Statistics were 708 

performed with a two-tailed Mann-Whitney U test. *p<0.05. Data are expressed as mean ± SEM. 709 

  710 
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 711 

Fig. 6. Hypoxia-inducible factor-1 alpha subunit (HIF-1α) in neurological controls, SARS-712 

CoV-2, AD and SARS-CoV-2 infected individuals.  713 

Representative images demonstrate HIF-1α immunopositivity around the vasculature that extends 714 

into the parenchyma in brain of patients with SARS-CoV-2 infection, regardless of AD status 715 

shown in panels C, D, G, H. Comparatively, this is seen less frequently and does not extend 716 

significantly into the parenchyma in brain of age-matched controls, shown in panels A and E. In 717 

AD only, positivity was most often observed in epithelium with no or minimal extension into the 718 

brain parenchyma as shown in panels B and F. Graphs show the total percentage of tissue 719 

positive for HIF-1α, as defined using a HALO area algorithm for detection of Vector Red 720 

intensity over the whole section shown (I-K). Although statistical significance between groups 721 

was not reached in the HF or averaged group comparisons, increased HIF-1 expression is seen 722 

in the SARS-CoV-2 infected patients, with and without AD, as compared to age-matched controls 723 

in panels I and K. An increase in area positivity is seen in all groups in the cortical BA9 region, 724 

as compared to non-affected controls, however, statistical significance is only seen with the 725 

SARS-CoV-2 group in panel J. Statistics were performed with a two-tailed Mann-Whitney U test. 726 

*p<0.05. Data are expressed as mean ± SEM.  727 

 728 
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