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Abstract: COVID-19-associated coagulopathy (CAC) and ICU admissions were recognized as
critical health issues that contributed to the morbidity and mortality in SARS-CoV-2-infected
patients. Here, we analyzed publicly available data from the Yale IMPACT cohort to address
immunological misfiring and sex differences in early COVID-19 ICU patients by taking various
biological variables into account that were not considered. In 2020, SARS-CoV-2 was considered far
more pathogenic and lethal than other circulating respiratory viruses, and it is thus surprising that
published studies failed to confirm whether all patients were indeed SARS-CoV-2+ at least by one
method, thereby confounding many findings/conclusions. Several key findings were further missed
or misinterpreted due to lack of consideration of several important biological variables such as days
from symptoms onset (DFSO), risk factors, including obesity, and treatments that influence the
immunological measures evaluated. The immune profile in the early phase of infection will differ
vastly from mid-to-late phases of infection, which likely coincides with recovery or is the tipping
point for progression to severe illness, and thus grouping patients from different phases/DFSO into
one single group is not the right approach. Taken together, our analysis shows that interferon
responses were dampened and none of the early treatments were effective in reducing levels of IL6,
and that obese patients exhibited highest mortality and worst clinical scores. The opportunity to
understand the contribution of biological sex, risk factors, and early treatments with respect to
COVID-19-related ICU admission and progression to morbidity and mortality was missed.

Keywords: coagulopathy; COVID-19; CXCL; dendritic cells; ICU; IL6; IL7; IFN; sex differences and
similarities

1. Introduction

SARS-CoV-2, the virus that causes COVID-19 can cause pneumonia, acute respiratory distress
syndrome (ARDS) and death [1,2]. SARS-CoV-2 infection causes a mild-to-moderate illness in the
majority of infected individuals despite direct exposure [3]; in a subset of individuals, these
unremarkable symptoms can suddenly develop into severe disease, requiring hospitalization,
oxygen support and/or admission to an intensive care unit (ICU) [1,2]. Because SARS-CoV-2 has an
unusually long incubation period, ranging from 2 to 14d, prolonged presence of virus in the
respiratory tract, up to a month after initial infection [3,4] may explain these sudden turn of events.
Development of cytokine storm in a subset of patients with severe COVID-19 illness along with
impaired gas-exchange function is thought to result in ARDS, multi-organ failure and death [5,6].

Interferon (IFN)-mediated antiviral responses precede pro-inflammatory ones, optimizing host
protection and minimizing collateral damage [7,8]. Deviations from these balanced responses can be
detrimental. After SARS-CoV-2 infection, studies have shown that IFN-A and type I IFN production
are delayed, dampened, and induced in severely ill patients. Thus early, mid, and late immune
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responses from days after symptoms onset (DFSO) are critical for understanding the
immunopathology of COVID-19.

Biological Variables in the IMPACT Cohort

Data from early COVID-19 patients when several early treatments were being tested is highly
valuable. The Yale IMPACT cohort is one such study that collected clinical data and biological
samples from COVID-19 patients that were hospitalized in early 2020 [9,10]. The patient
demographics and anthropomorphic features of the IMPACT cohort has been described in the
original articles [9,10]. However, there are many important biological variables in the IMPACT cohort
that were not considered in the data presented in original articles [9,10]. First, the patients included
in the Yale IMPACT cohort had considerable variability in days from symptoms onset (DFSO); the
range was days 1 to day 47. Second, disease severity score (clinical score) ranged from 1-5 and an
important variable to consider. Third, some patients were in ICU when first enrolled whereas others
were not. Fourth, the patients fell in to at least 5 different categories of risk factors for COVID-19,
whereas many patients ill with COVID-19 did not have these risk factors. Thus, non-ICU COVID-19
patients who also had many of the risk factors as those in ICU, would be a pertinent comparison
group in addition to healthy health care workers (HCW).

Fifth, the patients were given at least 4 different treatments for COVID-19 with 132 and 161 of
179 patient datapoints appearing to have received Tocilizumab (Toci) and hydroxychloroquine
(HCQ), respectively, regardless of disease severity or underlying risk factors, yet these treatments
did not figure into data analysis. Sixth, while it is stated that all patients were tested to be SARS-CoV-
2 positive during the initial screen, that data is not provided, making it difficult to evaluate whether
the patients were indeed truly ill with COVID-19. It is important to verify that the patients were
indeed positive for SARS-CoV-2 as several of the patients (86/179***) had no viral load (missing or
zero value, Supplementary Table S1) in their nasopharyngeal or saliva samples as determined from
the raw data Table 41586_2020_2700_MOESM1_ESM provided by the authors. Given the seriousness
of the situation at the time of these publications in mid 2020, it is surprising that the patients were
not confirmed to be SARS-CoV-2* before being included in the analysis as COVID-19 patients.

Based on the above-mentioned rationale, we determined how key variables such as DFSO, risk
factors including obesity (BMI 2 30), treatments received, treatment counts, clinical score, biological
sex, ICU status and outcomes “impacted” the significantly changed immunological signature in
confirmed SARS-CoV-2+ patients using non-ICU SARS-CoV-2* patients as a comparison group. We
only included samples with confirmed viral load (either nasopharyngeal (Np) or saliva), and we
excluded samples with unavailable or zero measurements for both Np and saliva load. Here, we
show that careful analyses using different groups is essential for understanding complex datasets
that contain biological variables that cannot be always defined or accounted for. Finally, sex
aggregated analysis can be misleading, especially for measures that are significantly changed in
opposite directions between males and females.

2. Statistical Methods

IMPACT Yale cohort data (Table 41586_2020_2700_MOESM1_ESM) was used for analysis in this
report [9,10] using Aseesa’s Stars (www.aseesa.com) analysis tool as follows:

Correlation Scatter Plots: Samples with a zero value for the query symbol (biological or clinical
measure), or with an empty value for the second symbol were excluded from correlations. Linear
trendlines, or an n-degree polynomial trendline if its goodness-of-fit is either 50% greater than, or if
it explains at least half of the variance not explained by the (n — 1)"-degree polynomial, were fit to the
data. R?, r and p denote goodness-of-fit, Pearson’s correlation coefficient and significance of the
correlation, respectively.

Bar Charts and Heat Maps: Bar charts show log: fold change versus Control, with error bars
denoting the standard deviation, and the filled fraction of a bar denoting the percentage of samples
with non-zero values. ***, ** and * denote p <0.001, 0.01 and 0.05 versus Control, respectively, while
#t, # and * denote p versus the preceding test group (one bar above), by Welch’s t-test. The
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comparison mode Value to Average was used for all relative (change versus) charts, such that the
change g = G is calculated by averaging the set of all individual changes G = {x € T:log,(x/pc)}
versus the control group average M, for values x included in the test group T, with the standard
deviation given by ¢(G). Absolute bar charts show the average and standard deviation for the control
group and for all test groups. Labels in parentheses next to symbols show the average in the first
control group while labels in bars show the average in the respective test group. Labels next to test
group names show the number of samples with non-zero values in the respective group.
Additionally, up to five significantly correlated measures are shown in the chart legend, sorted by
ascending p-value. Only samples included in the bar chart’s control and test groups with a non-zero
value for the query symbol and a non-empty value for the second symbol/metadata characteristic,
are included in correlations. Heat maps were generated so that multiple measures could be compared
side-by-side. Values shown in heat maps are calculated in the same way as those in bar charts.

Volcano Plots: Values shown in volcano plots are calculated in the same way as those in bar
charts. Only symbols with p <0.1 are included in volcano plots for clarity. The color intensity of points
represents the size of the change, with increased symbols drawn in red and decreased symbols in
blue. Green lines denote (from top to bottom) p < 0.001, 0.01 and 0.05 by Welch’s t-test.

Principal Component Analyses: For Symbol PCAs, only symbols with p < 0.05 were included,
and samples with zero values were excluded. Covariance matrixes were created by standardizing all
values for each symbol using z = v%‘u for asample value v, group average pu and standard deviation

o, and calculating the covariance between two symbols. For Sample PCAs, the Euclidian distance
between two samples was used to construct a distance matrix, with the number of dimensions being
equal to the number of included symbols. All symbols (including those with p > 0.05) were included
in Sample PCAs. Eigenvalues and eigenvectors were calculated using the gsl_eigen_symmv function
from the GNU Scientific Library [11]. The total dataset variance was calculated by summing the
absolute eigenvalue for each symbol; component contributions were calculated by dividing each
eigenvalue by the total dataset variance, and the contributions of individual symbols to a component
was given by its eigenvector. Donut charts show the primary components necessary to explain at
least 90% of the dataset’s variance. PCA biplots show the correlation of each included symbol/sample
with Component 1 (x axis) and Component 2 (y axis) as given by the components’ eigenvectors. The
color of points in biplots for Symbol PCAs denotes log: fold change versus control, calculated in the
same way as in bar charts, with increased symbols drawn in red and decreased symbols in blue.

Venn Diagrams: Venn diagrams contrast two test groups, showing the number of exclusive
significantly changed symbols in each group (p <0.05 by Welch's t test; left/right), and the number of
shared significantly changed symbols in the same direction (middle), and in opposite directions (top).
Additionally, the most changed exclusive symbols (sorted by ascending p-value, with log: fold
change versus control shown) are shown to the left/right of each test group; shared significantly
increased and decreased symbols are shown at the bottom left and bottom right, respectively,
symbols that are significantly increased in the first and significantly decreased in the second group
shown at the top left, and symbols that are significantly decreased in the first and significantly
increased in the second group are shown at the top right.

3. Results

3.1. SARS-CoV-2 Viral Load and Its Correlation with Immunological Measures

SARS-CoV-2 viral load in saliva or nasopharyngeal swabs as detected by RT-PCR was used to
diagnose confirmed COVID-19 cases at the time of hospital admissions and screening, irrespective of
symptoms. However, the screen data is not provided or available. In our analysis of the IMPACT
cohort, we only included samples with at least one non-zero measurement of SARS-CoV-2 Saliva or
NP Load. In the IMPACT cohort, viral load correlated with distinct cytokines/chemokines including
IFNYy, TNFo.and CCL80orMCP2 (Figure 1a,b). Top 4 significant correlations each for viral load in saliva
and nasopharyngeal swabs are shown in all SARS-CoV-2* patients and HCW. Saliva load correlated
with CCL80orMCP2 (r=0.548, p=10-7). CCL1 was highly correlated with several chemokines/cytokines
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including CCL21, CCL8, CCL2, IL10, and IL6 (Supplementary Figure Sla). Nasopharyngeal (NP)
viral load correlated negatively with AntiS1IgG (r=-0.418, p=10-33).
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Figure 1. Scatter plots showing the four measures most significantly correlated with SARS-CoV-2 (a)
Saliva load, and (b) Np Load; the goodness-of-fit (R?), Person’s 1, and p-values for each test group are
shown. Not a Number (NaN) indicates that samples in this group did not contain any values.
N/group: HCW: 114; Non-ICU: 60; ICU: 17; Deceased: 16.

3.1.1. Obesity as a Risk Factor for COVID-19 Severity

In the IMPACT cohort, a subset of patients fell into one or more of 5 different categories of risk
factors for COVID-19, namely cancer treatment during the past year, chronic heart disease,
hypertension, chronic lung diseases, and immunosuppression [9]. Extreme BMI (=35) correlated with
an increased relative risk of mortality [10], yet BMI was not considered as a risk factor, instead the
authors adjusted data for BMI and age. Both female and male patients were considerably older than
HCW and BMI was significantly higher in female COVID-19 patients than other groups (Figure 2a).
Clinical score is often a predictor of health outcomes and used as a surrogate for disease severity. In
our reanalysis, we found that deceased patients and those with a clinical score of 5 had the highest
BMI of 37 and 37.8, respectively, whereas HCW had an average BMI of 26.8 (Figure 2b). Of the 140
reported biological and clinical measures in the IMPACT dataset, BMI correlated most significantly
with AntiS1-IgG levels and negatively with dendritic cells (DCs); top 5 most significant correlations
are shown (Figure 2b) and full list of all correlations for all biological and clinical measures can be
found in Supplementary Table S2.


https://doi.org/10.20944/preprints202308.1132.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 August 2023

d0i:10.20944/preprints202308.1132.v1

Fig.2

P
109
1061
1059
1048
1045
HCw 114
Non-ICU 60
Icu 17
Deceased 16
CAC 3

P
108

1078

1051
HCW o

Non-ICU 60
Icu 17
Deceased 16
CAC 3

0

d. .

108

DFSO

Risk Factor Count

Treatment Count

112

10289 0.872
1028 0.688
1068
1050

Age
BMI 26.1
Clinical score

Np load

Saliva load

HCw &

BMI(6.8)
rvalie Characteristic
1 BMI
0.378 AntiS11gG
0.502  Treatment Count
-0.378 pDCs
-0.368 DC1s

13 26 39
BMI

ClinicalScore 0)
rvalie Characteristic
1 Clinical score

1004 0875 ICU
10123 0.672

IL6
Treatment Count
CCL10rI309

0.561
0.458

+75]

2.25 3.38
Clinical Score

ClinicalScore 0)
rvalie Characteristic
1 Clinical score
ICU
IL6
Treatment Count
CCL10rI309

0.541
0.461

112 2.25 3.38
Clinical Score

385

17
5.93
5.8
1.86

1.93

52

4.5

4.5

4.69
6.5
7.57
1.8
3

Non-ICU% ICU#

5.62

Clinical score

29 287 30.8
1.85 4.64
573 5.82
612 6.3
1.86 1.75
1.83 2.64
HCW?$ Non-ICUS ICUS
BM I(@6.8)
P rvalue Characteristic
10¢1 0515 Treatment Count
1059 0.374 AntiS11gG
1048  -0.375 pDCs
1045 .0.373 DCi1s
1043 0.354 IL1RA
HCW 114
132
2 13
3 18
4 10
5 20 307 IR
40 50
BMI
ClinicalScore 0)
P rvalie Characteristic
10%9 0.873 ICU
1087 0675 IL6
1011%  0.506 Treatment Count
10101 0.473  CCL10rl309
10 0.449  1L10
HCW o -

Obese 53
Cancer Tx 13
CHD 26

Treatments

None 14

HTN 47
CLD 25
ISx 4

0

P rvalue Characteristic
108 1 Clinical score
1062 0874 ICU
1045 0.557 IL6
1091 0448 Treatment Count
1086 -0.445 CD8Tcm

HCW o

HCQ 78 il

Rem 12

cs 27

Toci 62

0 1.05 21 315

1 2 3 4 5
Clinical Score

ClinialScore 0)

4.2

5 . 5.25
Clinical Score

Figure 2. Obesity is a risk factor for COVID-19. (a) the average clinical score in test groups based on

intensive care unit (ICU) admission/outcome, and COVID risk factors segregated by sex. (b-d) Bar

charts showing the average BMI and clinical scores in test groups based on ICU admission/outcome,

days from COVID-19 symptom onset (DFSO), treatment and risk factors. Cancer treatment (Tx)

received in prior year; CHD: chronic heart diseases; HTN: hypertension; CLD: chronic lung diseases;

ISx: immunosuppressed patients. HCQ: hydroxychloroquine; Rem: Remdesivir; Cort: high dose of

corticosteroid; Toci: Tocilizumab; CAC: COVID-19-associated coagulopathy. N/group in bar charts in

(b-d) is shown on the X-axis.

In subsequent analysis, we considered obesity (BMI > 30) as an additional risk factor as we found
that obese patients had the worst clinical score, followed by patients with chronic lung disease (Figure
2¢). Immunosuppressed patients did not fare any worse than patients with other risks such as chronic
heart disease, prior cancer treatment, or hypertension. Deceased patients and those in ICU had the
highest clinical scores (>4.0), whereas non-ICU SARS-CoV-2* patients had an average clinical score of
1.75 (Figure 2c). Patients who were >28 over days from symptoms onset had the worst clinical score
and those on corticosteroid treatment also had the worst score (Figure 2d), suggesting that none of
the early treatments were effective. Regardless of risk, treatment, or DFSO, BMI and clinical score
correlated with cytokines/chemokines IL6 and CCL1orI309 and with treatment counts. These
findings suggest that obesity/BMI should be classified as a major risk factor for COVID-19 health

outcomes and should not be adjusted for.
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3.1.2. Immunological Profile of COVID-19 Patients in ICU

It is expected that individuals infected with SARS-CoV-2 and COVID-19 symptoms will have a
hyper activated immune system. Not surprisingly, the original reports found many changes in
immune cell numbers, T-cell subsets, and cytokine/chemokine levels in COVID-19 patients compared
with healthy HCW controls. Principal component analysis (PCA) revealed that non-ICU and ICU
patients compared with HCW fall into distinct populations as also suggested by start differences in
clinical scores between ICU and non-ICU patients (Figure 3a—c and Figure S2a-g). Female patients in
ICU had the highest BMI of 39.5, whereas HCW female had the lowest BMI of 26.1 (Figure 3d). PCA
scatter plots and donut charts for symbols revealed the contribution of the components necessary to
explain >90% of the dataset’s variance in individual groups (Figure S2a-g).
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Figure 3. High variability in ICU and non-ICU patients. (a) PCA biplot showing clustering of samples
by principal component analysis (PCA). Volcano plots comparing female (b) and male (c) ICU-
admitted (right) and non-ICU (left) COVID-19 patients to healthy controls (HCW) of the same sex. (d)
Bar chart showing the average BMI in test groups based on ICU admission and sex.

In patients with coagulopathy, just 2 components were sufficient to explain nearly 100% of the
variability (Figure S2f-g). The top 5 changed measures relative to HCW included T cell number,
CD38+HLA-DR+CDS8, IL6, pDCs, and DC1 in female non-ICU patients, ncMono, pDCs,
PD1+TIM3+CD8, DCl1s, and IL6 in female ICU patients, IL6, DC1s, GzB+CD8, T cell numbers and
intMono in male non-ICU patients, and T cell number, DCl1s, IL6, ncMono, and pDCs in male ICU
patients as seen in volcano plots (Figure S3a-e and Tables S3-5). In combined analysis, non-ICU and
ICU patients had ~45% (64/143) and ~37% (53/143) significantly changed measures compared with
HCW (Figure S3f). Of those changed measures, 49 were shared (either Tor i), 15 were specific to
non-ICU and 4 to ICU patients as compared to HCW (Figure S3f). However, as compared to ICU
patients, deceased patients experienced many more changed measures and shared only 11 with ICU
patients (Figure S3g).
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3.1.3. Sex Differences and Similarities in Immunological Profile of COVID-19 Patients

To better understand what immunological measures contributed to observed differences in
COVID-19 outcomes between female and male patients, we next focused our analysis on non-ICU
and ICU patients alone (irrespective of outcome) as they were well-matched for clinical score (Figure
4a), age, treatment and risk factor counts (Figure 2a). PCA suggested that female and male patients
had sufficient variance to fall into discrete clusters (Figure 4a). Donut charts show several
components that explain >90% variance in female and male patients, respectively, and scatter plots
showing measures that contibuted to the first two components (Figure 4b,c). Female ICU patients (n
= 16) only had only 25 significantly changed measures, whereas male ICU patients (n = 14) had 38
changed measures compared with non-ICU female and male patients, respectively (Figure 4d,e). A
total of 8 measures were significantly changed in the same direction, whereas 1 measure (IL7) was
changed in opposite direction; IL7 levels increased significantly in female ICU patients, but decreased
significantly in male ICU patients compared with non-ICU female and male patients, respectively
(Figure 5a). AntiS1IgM and saliva viral load tended to be higher in female ICU versus non-ICU
patients, but did not reach statistical significance (Figure 4e).
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Figure 4. Nuanced immunological profile of male and female COVID-19* patients. (a) PCA biplot
showing clustering of female and male ICU patients by PCA, and bar chart of clinical scores by sex.
PCA donut plots showing the primary components necessary to explain at least 90% of the variance
in female (b) and male (c) ICU patients, and the the 7 symbols most correlated with each of the first
four primary components (left), and PCA biplots for the first two components (right), with the color
of points denoting log> fold change versus non-ICU patients of the same sex. (d) Venn diagram
contrasting significantly changed measures between female (left) and male (right) ICU patients each
compared to non-ICU patients, and listing the most changed symbols for each Venn diagram
segment, sorted by ascending p-value (not shown), with log: fold change versus non-ICU patients
shown. (e) Volcano plots comparing female (left) and male (right) ICU patients to non-ICU patients
of the same sex. N/group: HCW®: 87; Non-ICU®?: 30; ICU?: 16; Non-ICUg" 33; ICUg" 14, HCWg: 27.

3.1.4. Effect of Biological Variables on Significantly Altered Immunoligical Measures in Female ICU
Patients

Of the 13/25 increased measures in female ICU patients versus non-ICU female patients, only 4
measures were also increased in male ICU patients, whereas other measures were not significantly
increased (Figure 5a). Of the 12/25 decreased measures in female ICU patients, 4 measures also
decreased in male ICU patients. Treatment start and end days were also different in female and male
ICU patients (Figure 5a). In sex aggregated analysis of the same 25 measures versus HCW, changes
in IL7 levels and NKT cells were lost in female patients and CD4Temra cell numbers were signficantly
increased in COVID-19* patients versus HCW (Figure 5b), whereas there were no significant sex
differences in any measures when ICU and non-ICU patients” data was analyzed in an aggregated
manner (Figure 5b). Biological variables such as DFSO, clinical score, risk factors (except
immunosuppression) and treatments affected levels of almost all measures, but most remained
significantly altered as in ICU patients, except for IL7 levels. CD4Temra cell numbers increased at
clinical scores of 1, 3, and 5, risk factors such as BMI 2 30, chronic heart disease, hypertension, and
chronic lung diseases, but were decreased in immunosuppressed patients and those without any of
these risks comapred with HCW. Treatment counts of 2 and 3 also significantly increased CD4Temra
cell numbers along with individual treatments such as hydroxychloroquin, corticosteroid, and
Tocilizumab (Figure 5c).
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Figure 5. Impact of various biological variables on significantly changed measures in female ICU
patients. (a) Heat maps showing measures with the greatest increase (left) and decrease (right) in
female ICU patients compared to female non-ICU patients, and the same measures in male ICU
patients compared to male non-ICU patients. (b) Heat maps showing the measures from (a) by patient
status and sex, and by DFSO, clinical score, COVID-19 risk factors, treatment and treatment count.
Numbers in parentheses () denote the number of data points in that group (N). Cancer treatment (Tx)
received in prior 1 year; CHD: chronic heart diseases; HTN: hypertension; CLD: chronic lung diseases;
ISx: immunosuppressed patients. HQ: hydroxychloroquine; Remdes: Remdesivir; Cort: high dose of
corticosteroid; Toci: Tocilizumab. V/A: value-to-average.

3.1.5. Effect of Biological Variables on Significantly Altered Immunoligical Measures in Male ICU
Patients

Of the 28/38 increased measures in male ICU patients verus non-ICU male patients, only 4
measures were also increased in female ICU patients, whereas other measures were not significantly
increased (Figure 6a). In fact 13 measures decreased in famle ICU patients such as IL10, IL18, IFNL2,
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IL17A, CCL130orMCP4 amongst others but did not reach statistical signficance (Figure 6a). Of the
10/38 decreased measures in male ICU patients, 4 measures also decreased in female ICU patients
and IL7 were increased, as reported earlier. In sex aggregated analysis of the same 38 measures versus
HCW, changes in at least 9 measures were lost or appeared to be decreased in male COVID-19*
patients versus HCW (Figure 6b), whereas significant sex differences in two measures, namely IL17A
and IL16 became evident when ICU and non-ICU patients’ data was analyzed in an aggregated
manner, with both cytokines signficantly decreased in female versus male COVID patients (Figure
6b). Biological variables such as DFSO, clinical score, risk factors and treatments affected levels of
almost all measures, with many appeared to decrease in aggregate analysis versus HCW (Figure 6c).
IL7 that was significantly decreased in male ICU patients (Figure 6a), in combined analysis, its levels
was not changed in COVID-19 patients, but its levels were significantly increased in patients treated
with Remdesivir and corticosteroids (Figure 6d).
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Measures increased in male ICU patients versus non-ICU patients
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Figure 6. Impact of various biological variables on significantly changed measures in male ICU
patients. (a-b) Heat maps showing measures with the greatest increase (a) and decrease (b) in male
ICU patients compared to male non-ICU patients, and the same measures in female ICU patients


https://doi.org/10.20944/preprints202308.1132.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 August 2023

d0i:10.20944/preprints202308.1132.v1

12

compared to male non-ICU patients. (c-d) Heat maps showing the measures from (a and b,
respectively) by patient status and sex, and DFSO, clinical score, COVID-19 risk factors, treatment
and treatment count. Numbers in parenthesis () denote the number of data point in that group (N).
Cancer treatment (Tx) received in prior 1 year; CHD: chronic heart diseases; HTN: hypertension; CLD:
chronic lung diseases; ISx: immunosuppressed patients. HQ: hydroxychloroquine; Remdes:
Remdesivir; Cort: high dose of corticosteroid; Toci: Tocilizumab. V/A: value-to-average.

3.1.6. Correlation of Key Cytokines and Immune Cell Types with Other Clinical and Immunological

Measures

Cytokines such as IFNy and IL6 are induced early on after viral infection and key components
of the “cytokine storm”. Plasmacytoid dendritic cells (pDCs) and monocytes are also key for fighting
off infections as they produce several cytokines including IFNs. IENy, IL6, PD1+TIM3+CD4, and non-
classical monocytes (ncMono) were all increased in ICU female and male patients compared with
HCW and non-ICU patients (Figure 7a), IL7 was only increased in female ICU patients, whereas pDC
numbers were highly reduced in ICU female and male patients (Figure 7a). For each cytokine/cell
type, the five most correlated measures (sorted by p) are shown with their respective p-value and
Pearson’s r-values in the bar charts. Correlations with clinical measures such as ICU, clinical scores,
treatment counts, and antiS1IgG were noted for some measures (Figure S4). When correlations by
ICU status and sex were examined, IFNy correlation with CCL7orMCP3, TNFB, TNFa, and
fractalkine were lowest in ICU females (Figure 7b), whereas correaltions in HCW male and female
did not differ. IL6 correlated significantly with chemokines CXCL90orMIG, CXCL10orIP10,
CXCL10rI309, and with cytokine IL10 in female and male ICU patients, but not always with female
non-ICU patients (Figure 7c). IL7 correlation with top 4 measures included IL17A, EGF, FGF2, and
IL10, but the correlations did not always hold in male non-ICU and non-ICU patients (Figure 7d).
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Figure 7. Sex differences in correlation with key cytokines/chemokines. (a) Bar charts showing the
average abundance of interferon gamma (IFNYy), interleukin-6 (IL6), IL7, nonclassical monocytes
(ncMono), plasmacytoid dendritic cells (pDCs) and CD4* T cells positive for programmed cell death
protein 1 (PD-1) and hepatitis A virus cellular receptor 2 (TIM3) (PD1*TIM3*CD4*). Scatter plots for
the four measures most significantly correlated with (b) IFNvy, (c) IL6, (d) IL7, (e¢) ncMono, and (e)
pDCs, each showing the goodness-of-fit (R?), Person’s r, and p-values for all test groups. Numbers on
X-axis in bar charts in (a) denote the actual number of patients in which the measures were detected.
N/group: HCW®: 87; Non-ICU®: 30; ICU?: 16; Non-ICUg" 33; ICUG" 14; HCWg: 27.
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4. Discussion

BM], risk factor count, ICU status, clinical score, treatment count, days from corticosteroid end,
and saliva load were variables that differed significantly between ICU and non-ICU patients and
contributed to changed measures and health outcomes. IL6 was the most changed measure across
many variables, highly increased in deceased and ICU patients, regardless of biological sex, and
correlated most with CCL10orI309. Viral load in saliva or nasopharyngeal swabs correlated with
distinct cytokines/chemokines including IFNy, TNFo, CCL8orMCP2 with nasopharyngeal load
reaching 41% inverse correlation with AntiS1IgG in all patients. Curiously, some patients with
multiple time points were negative for SARS-CoV-2 to start with but became positive while
hospitalized and then were negative (0 value for viral load) again. Yet others were positive to start
with and became negative or had missing values. This suggests that either these patients were false
positives and misclassified as COVID-19 patients, or the tests were incorrect/inconclusive. Anti-
S1IgG and IgM levels were barely over the limit of detection in several patients, and it is unclear
whether the concentrations detected could be quantified reliably in majority of the patients [10]. Even
patients with high viral load did not necessarily have high anti-S1 titers.

Saliva load correlated with CCL8orMCP2, a chemokine that activates leukocytes and binds with
high affinity to the receptor CCR5. CCLS8 is known to be a potent inhibitor of HIV1 by competing for
binding to CCR5 [12,13], which also serves as a co-receptor for HIV1, suggesting one mechanism to
fight the invading virus. CCL8 was highly correlated with IL10 and IFNYy. Nasopharyngeal viral load
correlated negatively with AntiS1IgG suggesting the expected delay in appearance of viral-specific
antibodies after days from infection. Absence of both viral load and AntiS1IgG/IgM in a number of
patients supports the notion that they were SARS-CoV-2- and their inclusion may confound findings.
Interestingly, saliva and NP loads correlated with distinct cytokines/chemokines suggesting location-
specific activation of immune responses that help fight the invading pathogens.

In the IMPACT cohort, some patients were classified in one or more of 4 different categories of
risk factors for COVID-19. The original study reported that extreme BMI (>35) correlated with an
increased relative risk of mortality [10], yet BMI was not considered as a risk factor, instead adjusted
for it. Obese patients had the worst clinical score and 75% of COVID-19- patients who were in ICU
had a BMI>30. Average BMI and clinical score for deceased patients who were all in ICU was 37 and
4.5, respectively, arguing that obesity/BMI should be classified as a major risk factor for health
outcomes and should not be adjusted for, at least in COVID-19 patients.

The patients were given at least 4 different treatments for COVID-19, and some received
multiple treatments, whereas others none. Potent immunomodulators such as tocilizumab and
corticosteroids were used, yet their effectiveness in reducing cytokine levels or modulating immune
cell numbers in disease severity was not examined in any of the reports [9,10,14]. Our reanalysis
suggests that none of the early treatments were effective in reducing levels of key proinflammatory
cytokines such as IL6, that are key components of the “cytokine storm”. More importantly, none of
the treatments appear to reduce clinical symptoms or health outcomes. Such an analysis would have
benefited the community and efforts could have been diverted and focused on other treatments.

IL6 was the most significantly increased and changed cytokine across variables that correlated
with clinical score and most increased in deceased male patients, but its levels in deceased female
patients did not differ from those in ICU. Many chemokines and cytokines such as CCL1orI309,
CCL21, CXCL10, SCF, Fractalkine, IL10 correlated with each other in several groups under various
biological variables such as DFSO, clinical score, treatments, and risks, suggesting that these
immunological measures should be investigated in greater depth. In female vs male patients’
comparison (Pt.2/Pt.d"), only BMI and IL16 were significantly different. IL6 was most increased in
deceased and ICU patients but levels did not differ in female and male patients. IL6 strongly
correlated with IFNA2 (IFNL2orIL.28) and CCL10orI309. SCF and IL2 were most decreased in female
CAC patients and correlated inversely with IFNA2 and FGF2. IFNA2’s role in immunoprotection is
well recognized [15,16]. CD8Tem and C8Tcm were the most decreased measures and they correlated
strongest in deceased patients (r=0.84, p=10"13). CD8 T cells respond to cognate antigen and
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individuals in whom these memory CD8 T cells persist long-term are often better protected against
invading pathogens including viruses, bacteria, and protozoans [17].

Days 7-10 are a critical period for switching between recovery or going on to being critically ill
[16]. We next determined how key variables such as DFSO, risk factors including obesity (BMI = 30),
treatments received, treatment counts, clinical score, ICU status and outcomes “impacted” the
significantly changed immunological signature identified in ICU female and male patients in
confirmed SARS-CoV-2* patients compared with HCW controls. In male CAC patients,
CXCL100rIP10, a CXCR3 ligand was the most significantly changed and CD8Tcm was most changed
relative to non-CAC male patients. CXCL10o0rIP10 is involved in the generation of parasite specific
CD8 T cell-mediated immune responses, and CXCL10 expression in the central nervous system
regulates antibody-secreting cell accumulation during SARS-CoV-2-induced encephalomyelitis [18].
Elevated CXCL100orIP10 levels are correlated with COVID-19-related ARDS and neurological
complications and is considered a predictive biomarker of COVID-19 severity and disease
progression. SCF, an essential hematopoietic cytokine interacts with other cytokines to preserve the
viability of hematopoietic stem and progenitor cells. SCF was markedly decreased in female CAC
patients along with IL2, IL23, IL16, VEGFA, macrophages, T cells, NKT cells, CD8Tem and several
others, whereas total and ncMono, IL6+CD4 and TNFa were increased.

IL10 was differentially changed and increased in DFSO 1-10 in female versus male patients, but
decreased as the diseased progressed, however, at similar clinical score, IL10 levels were lower in
female versus male patients. IL10 has dual function, and its timing and spatiotemporal expression
determines anti- or pro-inflammatory effects. Fractalkine (CX3CL1), a chemokine that alters the
leukocyte adhesion mechanism to render their association with proteoglycans and other adhesion
molecules irrelevant and modulates extravasation through the vascular wall, was highly correlated
with IFNY. Fractalkine, TNFa, SCF and other cytokines were increased/decreased in patients with
risks versus no risk, and in female versus male with risks, except in cancer treatment and
immunosuppressed patients. Dendric and NKT cell populations were highly decreased in patients
versus HCW. These specific signatures when examined in depth could help understand immune
mechanisms and “misfiring” that underlie differential outcomes between the sexes even at identical
clinical scores taking risks and other variables into consideration, but not adjusting for them.

Of note, not all measures were detected or quantifiable in all patients. For examples, IL2 was
detected in plasma of only ~12% of female and ~26% of male patients, and IFNYy in ~61% of female
and ~78% of male patients. Imputed values for missing data can mean that either the patients did not
have those measures, or the assay was not sensitive enough. If former, imputed values can be
misleading as values under the limit of detection and/or quantification suggests that those
cytokines/chemokines were only secreted by a subset of patients depending upon their comorbidities
and/or other health status. Decreased numbers of immune cells in plasma could also be due to
increased uptake of specific immune cells by tissues such as the lungs or secondary lymphoid organs.
A number of measures despite being shared between the sexes, did not necessarily correlate to the
same degree in female and male ICU patients. For example, CCL210or6CKine correlated with CCL1,
SCF and Fractalkine to a much lesser degree in female as compared with male ICU patients,
suggesting nuanced regulation, and signaling that can be easily missed in sex aggregated analysis.

5. Conclusions

In conclusion, several novel findings were missed in the original Articles: first, the immune
signature of ICU and CAC patients is strikingly different than that of non-ICU and non-CAC patients,
with notable absence of differences in many usual suspects such as IL6, TNF, and CCL5 between non-
ICU and ICU patients. Second, none of the treatments, including immunomodulators such as Solu-
medrol (corticosteroid) and tocilizumab decreased levels of IL6 or key cytokines/chemokines
implicated in cytokine storm, nor did remdesivir or hydroxychloroquine. Third, dendritic (cDCls,
c¢DC2s, and pDCs) and NKT cells were decreased in all COVID-19 patients regardless of sex, a finding
confirmed later [19]. Fourth, men and women shared many measures that did not differ with sex as
a variable but were influenced differentially with variables such as risk factors, clinical score, and
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treatments. Fifth, overall, male CAC and ICU patients experienced many more changes compared
with non-ICU patients. Sixth, patients with obesity as a risk factor had the most changes in all
measures and worst outcomes, including mortality, whereas patients who had received prior cancer
treatment and who were immunosuppressed experienced the greatest changes in immunological
signatures. Taken together, our multi-dimensional analyses revealed many significant findings that
were missed in the original Articles. We provide support that sex aggregated analysis, which has
been the norm for clinical studies, is often misleading. Most animal studies in the past predominantly
used one sex (male) and hence the data were not confounded, but with changes in NIH policy with
regards to sex as a biological variable (SABV) [20], when using both sexes, researchers often perform
combined analysis, thereby missing key findings. Similarities and differences should both be
reported and are essential for understanding divergent pathways that lead to similar health
outcomes.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Figure S1-54: Changed immunological and biological measures in COVID-19
patients; Table S1: SARS-CoV-2 viral load in nasopharyngeal (Np) and saliva samples in IMPACT Cohort
patients; Table S2: Correlations between all biological and clinical measures; Tables S3-S5: Significantly changed
immunological and biological measures in all SARS-CoV-2* (COVID-19%), non-ICU, and ICU patients versus
HCW.
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