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liver. T- cell suppression-associated genes 
(HAVCR2, LAIR1, LILRB1, CXCL13, 
LAG3) were upregulated, and T-cell 
activation-associated genes (CD3, CD4, 
CD8, GZMB, GZMK) were downreg-
ulated in CD3-rich regions of the liver 
(figure 2A). T-cell genes were also broadly 
down-regulated in the kidney of the 
COVID-19/HIV decedent (online supple-
mental figure 2A). In line with a deficient 
T-cell response due to HIV infection, T-cell 
abundance was unrelated to SARS-CoV-2 
viral load (NP+ ) in the COVID-19/HIV 
decedent but was positively associated 
with viral load in the COVID-19 dece-
dents (figure  2B, online supplemental 
figure 2B).

In contrast to the T-cell response, 
a comparison of CD68-rich regions 
revealed upregulated myeloid cell 
activation-associated genes (CD63, CD14, 
CD68, IL6) in the liver (figure   2A) and 
kidney (online supplemental figure 2A) of 
the COVID-19/HIV decedent. A greater 
abundance of activated macrophages 
was similarly observed (figure 2C, online 
supplemental figure 2C), together with 
a significantly higher viral load (NP+ ) 
(figure  2D). Interestingly, macrophage 
abundance positively correlated with viral 
load in the liver of the COVID-19/HIV 
decedent but not in the COVID-19 dece-
dents (figure 2E).

These findings suggest that HIV as 
a comorbidity promotes virus-induced 
myeloid cell activation in response to 
SARS-CoV-2 infection in the absence of 
a viable T-cell response. Indeed, HIV-
infected myeloid cells are long lived 
and resistant to the cytopathic effect.7 
However, HIV infection renders them 
functionally impaired.7 8 Similarly, SARS-
CoV-2-infected myeloid cells are also 
dysregulated9 and may not partake in 
the cascade signature of hyperinflamma-
tion. Particularly in the liver, where direct 
SARS-CoV-2 infection and high viral load 
likely contribute to liver injury, 6 10 HIV-
mediated immunosuppression may lower 
the risk of COVID-19 disease progres-
sion. Close monitoring of the immune 
status of myeloid cells in other organs 
such as the liver and further research 
on the COVID-19–HIV relationship is 
warranted to develop optimal treatment 
strategies.
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Figure 2  A diminished T-cell response and increased macrophage response in the liver of the 
COVID-19/HIV decedent is associated with NP+ cell abundance. (A) Expression heatmap of genes 
related to T-cell activation or suppression in CD3-rich regions of interest (ROIs) genes related to 
myeloid activation in CD68-rich ROIs of the liver. (B, E) Correlation between the abundance of NP+ 
cells in the liver ROIs of COVID-19/HIV (red) and COVID-19 (blue) decedents to the abundance of T-
cells (B) or macrophages (E). P-values were calculated by Wald tests: *(<0.05). (C) Representative 
liver multiplex immunohistochemistry ROIs of the COVID-19/HIV decedent and COVID-19 
decedents (yellow arrows: macrophages; white arrows: NP+ cells). (D) Comparison of abundance 
of NP+ cells across liver ROIs between the COVID-19/HIV decedent and COVID-19 decedents, as 
quanti�ed by multiplex immunohistochemistry.
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