Matters arising

Afinding of sex similarities rather than
differencesin COVID-19 outcomes

https://doi.org/10.1038/s41586-021-03644-7
Received: 13 November 2020

Heather Shattuck-Heidorn'?*, Ann Caroline Danielsen®, Annika Gompers®,
Joseph Dov Bruch?, Helen Zhao®, Marion Boulicault®, Jamie Marsella’ & Sarah S. Richardson?’

Accepted: 11 May 2021

Published online: 22 September 2021
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ARISING FROM T. Takahashi et al. Nature https://doi.org/10.1038/s41586-020-2700-3 (2020)

The sex disparity in COVID-19 mortality varies widely and is of uncertain
origin. Intheir recent Article, Takahashi et al.' assessimmune phenotype
inasample of patients with COVID-19 and conclude that the “immune
landscape in COVID-19 patients is considerably different between the
sexes”, warranting different vaccine and therapeutic regimes for menand
women—a claim that was disseminated widely following the publication?.
Herewe argue thatthese inferences are not supported by their findings
and that the study does not demonstrate that biological sex explains
COVID-19 outcomes among patients. The study overstates its findings
and factors beyond innate sex are treated superficially in analysing the
causes of gender or sex disparities in COVID-19 disease outcomes.

Takahashi et al. measured more than 100 immune markersinasample
of patients with COVID-19 and uninfected healthcare workers (HCW).
They compared male and female patients and HCW both at baseline
andlongitudinally over the disease course. These comparative analyses,
bothwithin sex and between sex, across patients and HCW, at baseline
and over time, yielded more than 500 findings'. Most of the findings in
the paper are presented as raw data, unadjusted for possible covariates.
Among the more than 200 findings from adjusted analyses, 13 (6%)
remained statistically significant after controlling for covariates (pri-
marily age and body mass index (BMI)). This count excludes analyses
on antibodies and viral load, as well as comparisons of female HCW
(F_HCW) versus male HCW (M_HCW), female patients (F_Pt) versus
female HCW and male patients (M_Pt) versus male HCW.

There is considerable mismatch between the claims made in the
paperand theresults presented in the data tables, making it challeng-
ing to understand the basis of many of these claims. The discussion
section focuses on claims related to ten immune markers, positing
avariety of sex differences across diverse analyses (reconstructed
in Table 1). The expanded data tables demonstrate that nine of these
claims arebased onraw dataand donot hold true inadjusted analyses.
For example, interleukin-18 (IL-18) and IL-8, emphasized in the abstract
anddiscussion as higher inmale patients, show a sex difference only in
baseline-unadjusted analyses of the smaller cohort. This indicates that
these reported sex differences inimmunological response are better
explained by factors other than biological sex.

Similarly, attempting to address the potential role of these markersin
disparate outcomes between men and women, Takahashi et al. associ-
ate lower levels of activated T cells at baseline with poorer outcomes
among men, but notamong women, inasubsample of 12 patients who
deteriorated during the course of the disease (6 male and 6 female).
However, as fig. 4 demonstrates, deteriorated male patients are older’.
After adjusting for age, there are no sex differencesinactivated T cells
among the patient samples.

Although statistical significance is not the only consideration when
evaluating study results, the authors use statistical significance to
summarize their ownresults and imply that the central findings remain
statistically significant after adjustment. Particularly considering the
sweeping scope of the study’s conclusions, combined with the study’s
limited sample size, large confidence intervals, few repeat measures
for many participants in the longitudinal cohort, and lack of clinical
discussion of effect sizes, statistical significance remains animportant
guidepost for contextualizing the study’s findings.

Three findings that are described as sex differences’ are actually
differences within sexes that do not correspond with between-sex
differences (Table 1). For example, CCLS5 differs at baseline between
female patients who would later deteriorate (F_deteriorated) and those
who remained stable (F_stabilized) (n =5 F_deteriorated; 14 F_stabi-
lized, adjusted difference: 0.39, 95% confidence interval (0.03, 0.74),
P=0.03), with no such difference among male patients who deterio-
rated and those who remained stable (n=6 M_deteriorated; 10 M_stabi-
lized, adjusted difference: 0.16,95% confidenceinterval (-0.23,0.54),
P=0.70). However, comparing the difference-in-difference, there is
no evidence that the change in CCL5 between deteriorated and sta-
bilized patients differs between the sexes (adjusted difference: 0.23,
95% confidence interval (-0.18, 0.64), P= 0.25). Such within-sex dif-
ferences without accompanying between-sex differences cannot be
interpreted as indicating sex-specific disease progression between
men and women.

Overall, Takahashi et al. present three findings that are significant
after adjustment and can properly be conceptualized as sex differ-
ences": at baseline, numbers of non-classical monocytes (ncMono)
were higher in male patients (n=21female and 16 male) and activated
CDS8T cell numbers were higher in female patients (n =21 female and
16 male), and male patients had higher levels of CCL5 in longitudinal
analysis (n =48 female and 43 male) (Table 1).

Therearealso three findings of a greater difference-in-difference that
maintain significance after adjustment: at baseline, IL-8 was higher in
both male and female patients compared with HCW, but theincreasein
IL-8in male patients relative to male HCW was greater than the increase
infemale patientsrelative to female HCW (n=19 F_Pt,28 F HCW,16 M_Pt
and15M_HCW); at baseline, CXCL-10 was higher inboth male and female
patients compared to HCW, but the increase in male patients relative
tomale HCW was greater than the increase in female patients relative
tofemale HCW (n=19F Pt,28 F HCW,16 M_Ptand15M_HCW); and, in
longitudinal analyses, CCLS increased in male patients compared with
male HCW, but did not differ between female patients and female HCW
(n=48F Pt,28 F HCW, 43 M Ptand15M _HCW) (Table1).
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Table 1| Sex difference claims in Takahashi et al.

Baseline analyses

Longitudinal analyses

Deteriorated versus stabilized patient

analyses
Immune M_ M_Pt:M_ F_Pt:F_ Difference M_Pt:F_Pt, M_Pt:M_ F_Pt:F_ Difference M_ _ Differencein
marker Pt:F_ HCW,adj. HCW,adj. in adj. for HCW,adj. HCW,adj. in Deteriorated: Deteriorated: difference
Pt,adj. forage forage differences age,BMI  forage forage differences M_Stabilized, F_Stabilized, betweenM_
forage andBMI° andBMI° between and four andBMI° andBMI®* betweenM_ adj.forage adj. for Deteriorated:
and M_Pt:M_ additional Pt:M_HCW  and DFSOf ageand M_Stabilized
BMI® HCWandF_ variables® and F_Pt:F_ DFSO' andF_
Pt:F_HCW, HCW, adj. Deteriorated:
adj. for age forage F_Stabilized,
and BMI° and BMI° adj.forage
and DFSO'
IL-8 NS Higherin  Higherin  Greater diff NS Higherin  Higherin  NSP NS® NS® NS®
patients®  patients®  inM? patients®  patients®
IL18 NS NSP NSP NSP NSP NSP Higherin  NS° NSP NSP NSP
patients®
CCL5 NSP Higherin  Higherin ~ NS° Higherin  Higherin ~ NSP Greater diff ~ NS® Higher in NSP
patients®  patients® M2 patients® in M2 deteriorated
CXCL10 Ns® Higherin  Higherin  Greaterdiff NS° Higherin ~ Higherin  NS° NSP NS NSP
patients®  patients®  inM? patients®  patients®
TNSF10 NS NSP NSP NS® NSP NSP NSP NSP NSP NS NSP
MCSF NS Higherin ~ NSP NSP NS® Higherin  Higherin ~ NSP NS NS NSP
patients® patients®  patients®
IL-15 Not Not Not Not shown®  Not Not Not Notshown®  NSP NS NSP
shown® shown® shown® shown® shown® shown®
ncMono Higher NSP NSP NSP NSP NSP NSP NSP NSP NSP NSP
inM?
Tcell NS NSP Higherin ~ NSP NS® Higherin  Higherin ~ NSP NS NSP NSP
activity: patients patients®  patients®
CD38
and
HLA-DR*
Tcells
(cba)
Tcell Higher Ns® Higherin ~ NSP NSP Higherin  Higherin  NS° NS NSP NSP
activity: inF° patients patients®  patients®
CD38
and
HLA-DR*
Tcells
(cD8)

Summary of findings for the ten immune markers that underlie claims of important differences between males (M) and females (F) in the discussion and abstract of Takahashi et al.'. ‘Not shown’
indicates data not shown or the effect was not tested for. Bold indicates findings that, in adjusted analyses, contradict claims of sex difference made in the discussion or abstract (n = 9). Italics
indicates findings described as sex differences that are better characterized as within-sex differences without corresponding between-sex differences (n = 3). DFSO, days from symptom offset;

MCSF, macrophage colony-stimulating factor; NS, not significant.

®Findings described as sex differences’ that maintain statistical significance (P < 0.05) after adjusting for relevant covariates (n = 6).

°Findings that are not interpreted as representing sex differences’.
°Data presented in extended data table 3'.
9Data presented in extended data table 4.
Data presented in extended data table 5'.
fData presented in extended data table 6'.

However, none of these findings of sex differences appear robust
across the conducted analyses. For instance, while baseline levels of
ncMono and CD8 T cells differ in the direct comparison between female
and male patients, the sex difference disappears in the corresponding
difference-in-differences analysis.Inaddition, none of the markers thatdo
show sex differences in cohorts A and B emerge as predictive variables of
interestinanalyses comparingstable with deteriorated patients. While we
fully recognize thatimmune differences would not necessarily be expected
to be consistent across analyses, the lack of consistency, illustrated in
Table1, is part of a triangulating web of observations suggesting that the
sex difference findings do not show astrong signal and may be artefactual.

Biological sex differences are the only causal model consideredinthe
study. Whileitis plausible that sex-related biological variables may have
aroleinexplaining sex disparitiesin COVID-19, strong evidence not cited
by theresearchers suggests a large role for social and other variablesin
producingthe sex differences they seek to explain. For example, research
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demonstrates substantial variation in the magnitude and direction of
the COVID-19 sex disparity across geographical localities, amongst racial
and ethnicgroups, and over time; these patterns are better explained by
contextual factors than biological sex differences®®. Previous research
also predicts that occupational sex segregation’ and comorbidities are
likely to largely explain COVID-19 sex disparities, as observed in recent
SARS-CoV-1and Middle East respiratory syndrome (MERS) epidem-
ics®'°, Other studies document gender differences in conformity to
COVID-19 public health guidelines™. Further research raises questions
about whether aggregate patterns of higher COVID-19 mortalityinmen
constitute a COVID-19-specific sex disparity, given men’s pre-existing
higher aggregate mortality rates before the pandemic®.
Genderinfluencesboth exposureto the virus and susceptibility tosevere
outcomes. Occupational work segregation or adherencetobehaviourssuch
asmask wearing mediate viral load and therefore disease severity". Chronic
diseases, which are differentially distributed across men and women due



to both gender- and sex-related factors, are also important contributors
to COVID-19 progression and outcomes™. Notably, immune function is
modified during the progression of many chronic diseases®. This is one
avenue by which observed differences inimmune markers may reflect
gendered chronic conditions and associatedimmune responses rather than
sex-specific biological mechanismsin response to the SARS-CoV-2 virus.

In these ways, the claims’ that sex differences in immune fac-
tors underlie COVID-19 sex disparities and merit “sex-dependent
approaches to prognosis, prevention, care, and therapy for patients
with COVID-19” are not only unsupported by the data, they are also not
appropriately contextualized within the empirical literature on the
primaryrole of social factors as causes of sex disparitiesin respiratory
infectious disease epidemics.

The study by Takahashi et al.' should be characterized as an explora-
tory study of possible associations betweenimmunological variables
and sex disparities in COVID-19 outcomes. The study presents largely
null findings that support an assessment of male-female similarities
inimmune response to the SARS-CoV-2 virus. We stress that in no way
does this study provide afoundation for clinical practice or for public
health strategies to ameliorate COVID-19 sex disparities.

Online content

Any methods, additional references, Nature Research reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competing interests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41586-021-03644-7.
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In the accompanying Comment, Shattuck-Heidorn et al.'argue thatin
ourstudy’the inferences are not supported by the dataand the study is
notappropriately contextualized within the empirical literature on the
primary role of social factorsininfectious disease epidemics. Our study
should bereadinthe context of the large body of studies on the biologi-
cal sex differences ofimmune responses. Many studies have shown that
humanimmune responses against infections differ between the sexes?,
and thisisalso the case in COVID-19**, Such evidence in human studies
is supported by a large body of animal studies that are devoid of any
confoundingsocial, behaviouraland demographic factors, demonstrat-
ingthat there are sex differences inimmune responses across species,
from fruitflies to mice®. In a mouse model of SARS-CoV, female mice
are protected owing to the influence of female sex hormones on the
immune system®. A recent study using a mouse model of SARS-CoV-2
infection also demonstrated asignificant survival advantage in female
mice’; male mice produce larger inflammatory responses with signifi-
cantly higher expression of gene signatures of crucial cytokines and
chemokines compared with female mice’, whichisin line with our find-
ings®. Therole of sex and gender in the causal pathway is complex along
the time course of infection (exposure, symptomaticillness, moderate
and severe disease), and it involves biological and contextual factors.
However, the purpose of our study was to examine the role of biological
sex inimmune responses among hospitalized patients, for which there
is evidence of significant gender-based differences®.

Nevertheless, we are mindful of the limitations of our study, such
as the small sample sizes, and of its exploratory nature; however, we
disagree with the conclusion'that our study “presents largely null find-
ings that supportan assessment of male-female similaritiesinimmune
response to the SARS-CoV-2 virus”.

Shattuck-Heidorn et al. constructed table 1' from our extended data
tables 3-62 by classifying the data according to whether it was signifi-
cant (thatis, P<0.05). They argue that some of the data that are signifi-
cant in the baseline analysis are no longer significant after adjusting

for age and body massindex (BMI), and that the factorsinwhich there
were statistically significant differences in the baseline analysis and the
longitudinal analysis are not the same, suggesting a lack of consistency.
Furthermore, the authors argue that differences reported in our study
are largely null and maybe even artefactual.

Our study was an exploratory, and not a hypothesis-driven analysis,
with a small sample size to provide a basis for further investigations.
Therefore, although we used significance testingin our owninterpre-
tations, itis wrong to interpret any results that are not statistically
significantresults as disproving a hypothesis' that s, to suggest that a
lack of statistical significance indicates that there is no effect. Pvalues
areauseful toolbut, as hasbeenthoroughly discussed in the biostatis-
tical literature®, it is inappropriate to interpret themin isolation from
effect sizes, sample size and study design. Arguments based solely on
Pvalueslead to the dismissal ofimportant differences. For example, by
evaluating the magnitude and direction of the unadjusted and adjusted
differences, as well as the statistical significance, inIL-8 and IL-18 levels
betweenmale and female patientsin cohort A, we identified animpor-
tant difference, whichhasbeen confirmed by others as discussed below.
Inaddition, Shattuck-Heidorn et al.' argue that significant differences
in numbers of activated CD8 T cells between stable and deteriorated
males disappears after adjusting for age and BMI. This is exactly what
isexpected—we clearly showed that deteriorated males were older, and
exhibited lower T cell activation, and that these factors were strongly
correlated only in males.

The claimthat the factorsinwhich statistical significanceis detected
inthe baseline and longitudinal analyses should be ‘consistent™is based
on an assumption that the same immune factors should be found in
different phases of COVID-19 infection. Baseline analysis of cohort
Aincluded only the first time point, only for patients with moderate
disease. The longitudinal analysis of cohort B included samples from
later disease phases, with varying severity, and takes into account the
overallimmunological changes throughout the course of the disease.
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Theimmune response is adynamic process involving innate and adap-
tiveimmunity'®, and cytokine levels may change by orders of magnitude
over time'’. Thus, these analyses are fundamentally asking different
questions and would not be expected to identify the same factors.

We are confused by the authors’ claim that the differencesinimmune
phenotypes are largely null on the basis of biological sex, while at the
sametime they state that “observed differencesinimmune markers may
reflect gendered chronic conditions”. The biological sex differences are
closely intertwined with differences due to social and demographic
gender disparities, and they are not mutually exclusive. We agree that
analyses of theimpact of gender disparities onimmune responses are
very important. However, this was not the focus of our study. We explic-
itly focused onthe biological sex differencesin the COVID-19 immune
responses among a defined set of patients, and did not make general
claims about the biological bases of gender disparities.

Inless than halfayear since the publication of our study, alarge body
of literature is emerging to support our findings. A single-cell transcrip-
tomic study of peripheral blood mononuclear cells from patients with
COVID-19 has revealed a significantly higher abundance of non-classical
monocytes (ncMono) in male patients compared with female patients',
as we reported in our baseline analysis?, which is being dismissed by
Shattuck-Heidorn et al. in their table 1. The ncMono abundance in
male patients was twofold to fourfold higher compared with female
patients>—the same magnitude of difference as in our study’. In addi-
tion, IL18expressioninmonocytes from male patients was significantly
higher thanin those from female patients'?. Nasal squamous epithelial
cells from male patients with COVID-19 also expressed higher levels of
IL18 than those from female patients™. Male patients showed higher
expression in monocytes of MYDS88 and NFKBI™, genes that encode
direct regulators of pro-inflammatory cytokines including IL-8. The
neutrophil:lymphocyte ratio was found to be higher in male patients',
and neutrophil activation was associated with IL-8 levels in patients with
COVID-19*, Another study used single-cell RNA-sequencing analysis to
demonstrate prominent sex differences in CD8 T cells and especially
in the subpopulation of CD161" mucosal-associated invariant T cells
(MAIT cells)’. MAIT cellsin males exhibited pro-apoptotic gene signa-
tures, whereas the same cell type in females had a different set of acti-
vated gene signatures, and bioinformatic analysis of gene-expression
patterns indicated that these cells interact with monocytes through
CCL5-CCR1and IL18-IL-18R ligand-receptor interactions®; IL-18 and
CCL5arethe same factors for which we reported sex differencesin our
baseline and longitudinal analyses, respectively?. The striking concord-
ance between our findings and others on sex differences that impli-
cate the same parameters and associated immune pathways makes it
highly unlikely that our findings are artefactual. Independent studies
including ours, using different modalities and methods, support sex
differences in the same immune factors and pathways.

Finally, referring to our study?, Shattuck-Heidorn et al. state’ that
“We stress thatinno way does this study provide afoundation for clini-
cal practice or for public health strategies to ameliorate COVID-19 sex
disparities”. We simply stated that our analyses “provide a potential
basis for taking sex-dependent approaches to prognosis, prevention,
care, and therapy for patient with COVID-19”. Science is an iterative
process. Although our study inisolation may only contribute a piece
of the puzzle, given the large body of studies that demonstrate sex
differences during the course of COVID-19 disease and the immune
response as outlined above, it is perhaps time to take these collec-
tive insights into account for future guidance in developing clinical

practice and public health strategies to improve treatment and pre-
vention for COVID-19.

Inconclusion, accumulating evidence supports animportant role for
biological sex inimmune responses against COVID-19. The heterogene-
ityinthe disease phenotypein COVID-19isrelated to theintersectional
nature of a variety of factors—social, gender, race, ethnicity, disability
and economic, as well as geography, age and comorbidities'®. We believe
that biological sex should be included as a key variable for studying
infectious diseases. We hope that more studies in this area will contrib-
utetothebetter understanding of disease mechanisms, as well asto the
development of better treatments against acute and long COVID-19.
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