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IMPORTANCE Sickle cell trait (SCT), defined as the presence of 1 hemoglobin beta sickle allele
(rs334-T) and 1 normal beta allele, is prevalent in millions of people in the US, particularly in
individuals of African and Hispanic ancestry. However, the association of SCT with COVID-19 is
unclear.

OBJECTIVE To assess the association of SCT with the prepandemic health conditions in
participants of the Million Veteran Program (MVP) and to assess the severity and sequelae of
COVID-19.

DESIGN, SETTING, AND PARTICIPANTS COVID-19 clinical data include 2729 persons with SCT, of
whom 353 had COVID-19, and 129 848 SCT-negative individuals, of whom 13 488 had
COVID-19. Associations between SCT and COVID-19 outcomes were examined using firth
regression. Analyses were performed by ancestry and adjusted for sex, age, age squared, and
ancestral principal components to account for population stratification. Data for the study
were collected betweenMarch 2020 and February 2021.

EXPOSURES The hemoglobin beta S (HbS) allele (rs334-T).

MAIN OUTCOMES ANDMEASURES This study evaluated 4 COVID-19 outcomes derived from
theWorld Health Organization severity scale and phenotypes derived from International
Classification of Diseases codes in the electronic health records.

RESULTS Of the 132 577MVP participants with COVID-19 data, mean (SD) age at the index
date was 64.8 (13.1) years. Sickle cell trait was present in 7.8% of individuals of African
ancestry and associated with a history of chronic kidney disease, diabetic kidney disease,
hypertensive kidney disease, pulmonary embolism, and cerebrovascular disease. Among the
4 clinical outcomes of COVID-19, SCT was associated with an increased COVID-19mortality in
individuals of African ancestry (n = 3749; odds ratio, 1.77; 95% CI, 1.13 to 2.77; P = .01). In the
60 days following COVID-19, SCT was associated with an increased incidence of acute kidney
failure. A counterfactual mediation framework estimated that on average, 20.7% (95% CI,
−3.8% to 56.0%) of the total effect of SCT on COVID-19 fatalities was due to acute kidney
failure.

CONCLUSIONS AND RELEVANCE In this genetic association study, SCTwas associated with
preexisting kidney comorbidities, increased COVID-19mortality, and kidneymorbidity.
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T he COVID-19 pandemic has causedmore than 405mil-
lion confirmed cases and 5.7million deathsworldwide
(asofFebruary 10,2022).1Certaindemographicandpre-

existing medical conditions are associated with worse
COVID-19outcomes, includingchronickidneydisease, chronic
obstructivepulmonarydisease, andsickle celldisease (SCD).2-5

Sickle cell diseasehas2copiesofhemoglobinbeta sicklealleles
(rs334-T); sickle cell trait (SCT) has 1 rs334-T and 1 wild-type
allele.

TheUS incidenceestimate for SCTwas73.1 casesper 1000
Black newborns, 6.9 cases per 1000 Hispanic newborns, and
3.0 cases per 1000 White newborns.6 Although largely con-
sidered a benign condition, SCT has been associated with in-
creased risk for adverse outcomes7 ranging from rare compli-
cations of exertion-related injuries8,9 and renal medullary
carcinoma10 to more common medical conditions such as
chronic kidneydisease11,12 andvenous thromboembolism.13-15

TheCenters forDiseaseControl andPrevention (CDC) has
advised that patients with SCD be regarded as highly suscep-
tible toCOVID-19.16However, this cautionary advice does not
extend to individuals with SCT. Sickle cell trait affects more
than 3 million people in the US and 300million people glob-
ally, but because it is not routinely assessed, there is a pau-
cityofdataon theassociationbetweenSCTandCOVID-19out-
comes.Weaddressed this issue in theMillionVeteranProgram
(MVP)within theDepartment ofVeteransAffairs (VA). TheVA
encompasses a comprehensive electronichealth record (EHR)
system with clinical data for pre–COVID-19 and post–
COVID-19 conditions and genotyping results for SCT in more
than 658582 veterans. The objective was to examine the as-
sociation of SCT with preexisting conditions, COVID-19 out-
come severity, and post–COVID-19 conditions.

Methods
Data Sources
TheMVP, a largemultiethnic genetic biobankofUSveterans,17

servedas theprimarycohort analyzed for thisCOVID-19 study.
Directly genotyped (rs334-T)or imputed (rs33930165-T)mark-
ers in the hemoglobin beta gene were extracted and used for
association testing (see eMethods in Supplement 1). All rs334-
T–positive individuals had only 1 copy of the sickle allele and
1 copy of the nonsickle allele and therefore carried the SCT.
Therewerenors334-Thomozygous, ie, sicklecelldisease (SCD),
individuals in our study population as individuals with SCD
were not expected to enter the military (eFigure 1 in Supple-
ment 1). The MVP received ethical and study protocol ap-
proval from the VA Central Institutional Review Board in ac-
cordance with the principles outlined in the Declaration of
Helsinki. All individuals in the study provided written in-
formed consent as part of the MVP.

COVID-19 Data Source and Severity Definition
COVID-19 severity and kidney complication assessment was
obtained from the EHR data collected at a VAmedical center
throughMarch2021. All participants in this studywere tested
for COVID-19 at the VA using polymerase chain reaction–

based methods.18 The index date was defined as a COVID-19
diagnosis date, ie, specimen date; and for a hospitalized pa-
tient, the admission date up to 15 days prior to the COVID-19
specimendate. TheMVPData Core andCOVID-19 study team
adapted theWorldHealthOrganizationCOVID-19DiseasePro-
gressionScale todefineCOVID-19outcomes.19-21Detaileddefi-
nitions of COVID-19 outcomes are provided in eMethods in
Supplement 1.

Comorbidity Analysis
Association was examined between SCT status and a broad
spectrumofcommoncomorbiditiesandmedian laboratoryval-
ues obtained from theEHR focusing on theperiodprior to the
onset of the pandemic.Median laboratory valueswere calcu-
lated from longitudinal EHR data for each individual (eg, the
median of all creatinine values for an individual in the EHR).
Conceptually, this analysis is similar to examinationof comor-
bidity indices in epidemiology studies to determine if spe-
cificcomorbidconditions, representedbyfrequentlyused labo-
ratory measures or disease codes, are enriched among cases.
In the recent genetic literature, this type of analysis is called a
phenome-wide association study (PheWAS)22 and laboratory-
wide association study (LabWAS), which enables us to deter-
mine ifSCTaffectsmore than1organsystemor laboratorymea-
sure, a phenomenon called pleiotropy. We derived 1866
preexisting conditions and64 laboratorymeasurements from
the EHR prior to onset of COVID-19 (from the time of enroll-
ment at VA through September 2019).

Phenotyping of Preindex and Postindex Kidney Conditions
for COVID-19
To further evaluate the associations betweenSCT, kidneydis-
orders, and COVID-19, we curated a list of kidney conditions.
These kidney sequelae were extracted by using 1 of the fol-
lowing: natural language processing, International Classifica-
tion of Diseases codes,Current Procedural Terminology codes,
or laboratorydata.The listextracted includesmanykidneycon-
ditions: acute kidney failure (AKF), prior end-stage renal dis-
ease, chronic kidney disease, chronic kidney failure, nephro-
sis, and stable and normal kidney function. Using the date of
COVID-19diagnosis as thepartition, conditionswithina2-year
window prior to COVID-19 diagnosis were preindex condi-
tions, and those within 60 days after the COVID-19 diagnosis
date were postindex conditions (eTable 1 in Supplement 2).

Key Points
Question Is the presence of sickle cell trait (SCT) associated with
worse outcomes of COVID-19?

Findings In this genetic association study of 2729 persons with
SCT and 129 848whowere SCT negative, individuals with SCT had
a number of preexisting kidney conditions that were associated
with unfavorable outcomes following COVID-19. The presence of
SCT was associated with increased risk of mortality and acute
kidney failure following COVID-19.

Meaning Results strongly support the inclusion of SCT as an
adverse prognostic factor for COVID-19.
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Statistical Analysis
The PheWAS assessed whether hemoglobin beta alleles had
shared genetic architecture with preexisting conditions and
COVID-19, and LabWAS analyzed median laboratory mea-
sures using clinical data from the EHR. We derived 1866 pre-
existing conditions and 64 laboratory measurements from
the EHR prior to onset of COVID-19 (from the time of enroll-
ment at VA through September 2019). We applied logistic
and linear regression for models to preexisting comorbidi-
ties and laboratory measures, respectively. Firth logistic
regression23,24 implemented with the R package “brglm2”
(version 0.7.1)25 was used to examine the association
between hemoglobin beta alleles and COVID-19 outcomes.
Because genetic ancestral groups show considerable hetero-
geneity within and across groups, the preexisting comorbid-
ity association analyses were conducted separately in each
ancestral group.26 All the models were adjusted for sex, age,
age squared, and the first 20 ancestry-specific principal
components derived from the genetic data to account for
confounding due to population stratification. Adjustments
for demographic and population structure are standard cor-
rections for bias and confounding27; additional details can
be found in eMethods in Supplement 1. Lastly, summary
statistics from each ancestry were meta-analyzed using
random-effects meta-analysis as implemented in the R
package “metafor” (version 2.4-0).28 P values presented are
2-tailed, and the level of significance was .05.

We used counterfactual mediation modeling to investi-
gatewhether postindex AKF causedmortality in participants
of African ancestry with SCT. Please see the eMethods in
Supplement 1 for specific details on the mediator model.

Results
SCT inMVP Participants of African and Hispanic Ancestry
Of the 132577MVPparticipantswithCOVID-19data,mean (SD)
age at the index date was 64.8 (13.1) years. Demographic and
clinical characteristics of the study participants are shown in
eTables 2 and 3 in Supplement 2. The prevalence of the sickle
allele (rs334-T) comprised 7.8% of study participants of Afri-
can ancestry and 1% of study participants of Hispanic ances-
try. Given that the prevalence of SCT differed by ancestry, we
conducted ancestry-specific analyses. However, main find-
ingswere focusedon individualsofAfricanancestry.Thestudy
design with the number of individuals selected for different
analyses is presented in Figure 1.

SCT Comorbidities and Risk Factors AssociatedWith
COVID-19 Severity
To determine preexisting conditions in individuals with SCT
thatmay be associatedwith poor COVID-19 outcome,we per-
formed PheWAS to test for associations between rs334-T and
preexisting conditions preceding the COVID-19 pandemic
among 658358MVP participants.We identified 31 phecodes,
with significant association (adjusted P < 1.48 × 10−5) in indi-
viduals of African ancestry (Figure 2; eTable 4 in Supple-
ment 2). Themost significant association observedwas sickle

cell anemia/trait-related condition (phecode: 282.5; odds ra-
tio [OR], 93.17; 95%CI, 78.60-110.44;P = 1 × 10−300).We iden-
tified several associationswith conditions reportedas risk fac-
tors associatedwith COVID-19 severity andmortality, such as
chronic kidney disease (OR, 1.45; 95% CI, 1.36-1.55;
P = 1.8 × 10−28), type2diabeteswithkidneycomplications (OR,
1.33; 95% CI, 1.23-1.43; P = 3.7 × 10−13), pulmonary embolism
(OR, 1.43; 95%CI, 1.27-1.60;P = 1.73 × 10−9), pulmonaryheart
disease (OR, 1.30; 95% CI, 1.19-1.42; P = 5.3 × 10−9), and hy-
pertensive kidney disease (OR, 1.19; 95% CI, 1.12-1.26;
P = 2.77 × 10−9). The full summary statistics for the associa-
tion study are presented in eTable 4 in Supplement 2.

Association studies with laboratory parameters identi-
fied previously known associationswith several hematologic
traits such asmean corpuscular hemoglobin,mean corpuscu-
lar volume, hemoglobin, hematocrit, and red blood cell dis-
tribution width11,29 (eFigure 2 in Supplement 1; eTable 5 in
Supplement 2). Among the kidney function laboratory mea-
sures, increasedcreatinine levels anddecreasedestimatedglo-
merular filtration rate were associated with SCT in partici-
pants of African and Hispanic ancestry, consistent with the
presenceof kidneyproblems reportedbyPheWAS (Table 1 and
eTable 5 in Supplement 2). The full summary statistics for as-
sociation with laboratory measurement are presented in
eTable 5 in Supplement 2.

Next, we examined the association of the 31 preexisting
conditions identified fromtheaforementionedcomorbidityas-
sociation studies with COVID-19 outcomes among MVP par-
ticipants of African ancestry (March 2020 to February 2021).
We observed 13 of these preexisting conditions were associ-
ated with COVID-19–related death (eTable 6 in Supple-
ment 2). The most significant associations were with kidney
disorders suchaschronickidney failure (OR, 1.95;95%CI, 1.44-
2.62;P = 9.3 × 10−7), chronic kidneydisease (OR, 1.94; 95%CI,
1.44-2.62; P = 1.2 × 10−5), and kidney dialysis (OR, 2.07; 95%
CI, 1.24-3.45; P = .005). Other clinical conditions associated
withCOVID-19–relateddeath includedtype2diabeteswithkid-
neymanifestation (OR,2.19;95%CI, 1.60-2.98;P = 7.42 × 10−7),
hypertensive heart and/or kidney disease (OR, 1.86; 95% CI,
1.40-2.46; P = 1.64 × 10−5), and hyperkalemia (OR, 2.62; 95%
CI, 1.56-3.90;P = 2.07 × 10−6).Therefore,oursubsequentanaly-
ses focusedonkidneyconditions amongpatientswithCOVID-
19.

Association of SCTWith Severity of COVID-19
Weexamined the SCT associationwith 4 outcomes of COVID-
19: susceptibility, hospitalization, severe conditionswhere in-
dividuals required ventilator support or intensive care, and
death due to COVID-19. We determined that SCT was associ-
atedwith increased riskofdeath fromCOVID-19 inAfricanan-
cestry individuals (OR, 1.77;95%CI, 1.13-2.77;P = .01) (Table2).
Ourmain focuswas theAfrican ancestry individuals from the
MVPwhereSCThasmoreprevalence.Wealso studied theHis-
panic ancestral group in the MVP, but the reduced allele fre-
quencies and low sample size led to weaker, though consis-
tent, observations. These results are presented in eTable 7 in
Supplement 2. Themeta-analysis of the estimates across 2 an-
cestral groups providedmore statistical power and a stronger
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association between SCT and COVID-19–related deaths (OR,
1.77; 95% CI, 1.13-2.77; P = .005) (eTable 7 in Supplement 2).

In contrast, rs33930165-T, which is an HbC allele with a
prevalence of 1.7% among African ancestry individuals, was
not associated with any COVID-19 outcomes (eTable 8 in
Supplement 2). Association analyses showed that theHbC al-
lelewasnot associatedwith themyriadof clinical/kidney con-
ditions associated with SCT (eFigures 3 and 4 in Supple-
ment 1; eTables 9 and 10 in Supplement 2).

Association of SCTWith Kidney OutcomesWithin 60Days
of COVID-19
Given theassociationof SCTwithprepandemickidneycomor-
bidities and the association of these kidney conditions with
COVID-19 death in African ancestry individuals, we investi-
gated the incidence of AKF and declining kidney function
within60daysofCOVID-19diagnosisandtheir interactionwith
SCT. Among 31 287 African ancestry individuals tested for
COVID-19, 66.8%had stable andnormal kidney function, 31%
haddeclining kidney function, and 27.4%had kidney impair-

ments (includes AKF, prior end-stage kidney failure, chronic
kidney disease, chronic kidney failure or nephrosis) within 2
years prior to COVID-19 diagnosis.We observed a statistically
significant increase in postindexAKF in individualswith SCT
with COVID-19 compared with individuals without SCT (OR,
1.40;95%CI, 1.09-1.90;P= .02) (Table3).The interactionmodel
suggests a significant interaction effect of COVID-19with SCT
on AKF (P = .02; Table 3). In separate models, after adjusting
forpreexistingkidney impairmentbasedon InternationalClas-
sification of Diseases codes in stepwise regression analysis or
declining kidney function based on primarily laboratory val-
ues, theORs forAKFremained largelyunchangedwithanomi-
nally significant P value in all the models (Table 3).

Wethenexaminedasubsetofpatientswithstableandnor-
malkidneyfunctionprior toCOVID-19anddeterminedwhether
SCT was associated with increased risk of declining kidney
function with COVID-19. We observed a statistically signifi-
cant increase in the odds for declining kidney function after
COVID-19 in individualswith SCT comparedwith individuals
without SCT with COVID-19 (OR, 1.77; 95% CI, 1.16-2.67;

Figure 1. FlowchartWith the Number of Individuals Selected for the Association Study

658 582 Million Veteran Program

658 582 MVP participants 167 965 MVP participants with COVID-19 test
(February 9, 2021)

30 949 MVP African ancestry participants with
COVID-19 test within VA, nonmissing
genetic data and 60 d follow-up

Association study of SCT with post–COVID-19
(or postindex) kidney conditions

SCT association with post-COVID-19 (postindex) AKF

Mediation analysis

132 577 MVP participants, VA tested, nonmissing
genetic data

PheWAS LabWAS

SCT COVID-19 death

Sensitivity analysisPositive vs negative
13 841 vs 118 736

COVID-19 hospitalization
(ncases = 4491)

COVID-19 severe + death
(ncases = 1301)

COVID-19–related death
(ncases = 644)

Post–COVID-19 AKF

Disease diagnosis
• ICD-9/ICD-10 codes
 mapped to phecodes
• Case: ≥2 phecodes
• Control: 0 phecodes
• Phecodes with
 n<200 excluded
• Performed analysis
 by ancestry

Laboratory tests
• 70 Laboratory
 measures
• Median values over
 lifetime
• Removed outliers
 with 3 SDs
• Performed analysis
 by ancestry

Selection of  SCT allele (rs334-T)

SCT and preexisting diseases

Selection of significant phenotype associated with SCT

Association analysis within each ancestry group
Evaluation of SCT-associated phenotypes and

COVID-19 death in participants of African ancestry

SCT and COVID-19 severity SCT and post–COVID-19 kidney conditions

123 120 African ancestry
8329 Asian ancestry

464 961 European ancestry
52 183 Hispanic ancestry

Test mediating effects of postindex COVID-19
conditions on relationship between the Hb sickle allele

and COVID-19–related death

Left, phenome-wide association study (PheWAS) and laboratory-wide
association study (LabWAS) analysis; middle, outcome severity; right,
association study with clinical outcomes that occurred within 60 days of
COVID-19 testing/diagnosis. Individuals tested within the Department of
Veterans Affairs (VA) who had nonmissing genotyping and ethnic information
were included. Phecodes that showed association with sickle cell trait (SCT)

were tested for their association with COVID-19–related death in individuals of
African ancestry (left lower); SCT-related conditions post–COVID-19 were tested
for their mediation of SCT-related death in COVID-19 (right lower). AKF indicates
acute kidney failure; Hb, hemoglobin; ICD-9/ICD-10, International Classification
of Diseases, Ninth Revision/Tenth Revision; MVP, Million Veteran Program.
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P = .007). The same association was not observed in COVID-
19–negativepatients (OR, 1.13;95%CI,0.90-1.42;P = .31).How-
ever, this differential effect of SCT on postindex kidney func-

tion decline in COVID-19–positive vs COVID-19–negative
patients was not statistically significant (P for interac-
tion = .06; model III in Table 3).

Table 1. Association of Sickle Cell TraitWith Kidney and Hematologic LaboratoryMeasurements
Through Laboratory-Wide Association Study Analysis in African Ancestry Individuals

Laboratory measurement Sample size

Model 1a Model 2b

β P value β P value
Hematologic trait measures

Mean corpuscular volume 112 329 −2.97 1.00 × 10−300 −2.99 1.00 × 10−300

Mean corpuscular hemoglobin
concentration

112 411 0.31 1.12 × 10−265 0.32 8.28 × 10−264

Mean corpuscular hemoglobin 112 343 −0.73 2.84 × 10−189 −0.73 4.94 × 10−180

Hematocrit 112 313 −0.93 7.37 × 10−121 −0.84 2.65 × 10−101

Red blood cell distribution width 110 682 0.12 3.96 × 10−26 0.11 7.5 × 10−20

Red blood cell 112 818 0.04 3.41 × 10−20 0.06 9.16 × 10−30

Platelet 112 297 −7.91 5.02 × 10−42 −7.75 1.12 × 10−38

Hemoglobin 112 417 −0.18 1.45 × 10−39 −0.15 1.51 × 10−27

Kidney function measures

Creatinine 111 609 0.03 1.53 × 10−48 0.02 1.12 × 10−24

Estimated glomerular filtration rate 109 365 −3.02 1.00 × 10−38 −1.71 3.24 × 10−17

a Model 1: Models adjusted by sex,
age, age squared, and first 20
principal components.

bModel 2: Models adjust by sex, age,
age squared, first 20 principal
components, and chronic kidney
disease.

Table 2. Association of Sickle Cell Trait (rs334) and COVID-19 Outcomes in 31 287 African Ancestry Individuals

COVID-19 outcome Wild type, No. Sickle cell trait, No. Odds ratio (95% CI) P value
Susceptibility

Negative 25 326 2212
1.07 (0.95-1.21) .30

Positive 3426 323

Hospitalization

Not hospitalized 2160 193
1.17 (0.91-1.50) .20

Hospitalized 1266 130

Severe + death

Not severe 3053 278
1.33 (0.95-1.88) .10

Severe 373 45

Related death

Survivors 3271 298
1.77 (1.13-2.77) .01

Deaths 155 25

Table 3. Development of Acute Kidney Failure and Declining Kidney FunctionWithin 60Days of COVID-19a

Model Adjustment (preindex)

SCT

COVID-19+/−

with SCT, P
value for
interactionOutcome

COVID-19

Negative Positive

No. OR (95% CI) P value No. OR (95% CI) P value
I +AKI = 1, 2, 3 or prior

ESRD (kidney
function)

AKF 24 691 0.92 (0.78-1.10) .37 3448 1.41 (1.04-1.90) .03 .02

IIA No AKF 24 691 0.95 (0.81-1.13) .58 3448 1.40 (1.06-1.86) .02 .02

IIB +AKF, +CKF, +prior
ESRD

AKF 24 691 0.92 (0.77-1.09) .31 3448 1.46 (1.09-1.95) .01 .007

IIC +AKF, +CKF, +prior
ESRD +CKD,
+nephrosis

AKF 24 691 0.89 (0.75-1.05) .16 3448 1.33 (0.99-1.79) .06 .02

III No Worsening kidney
function (from
AKI = 0 to AKI = 1, 2,
3)

13 403 1.13 (0.90-1.42) .31 2027 1.77 (1.17-2.68) .007 .06

Abbreviations: AKF, acute kidney failure; AKI, acute kidney injury; CKD, chronic
kidney disease; CKF, chronic kidney failure; ESRD, end-stage renal disease; OR,
odds ratio; SCT, sickle cell trait.

a A stepwise regression analysis and the interaction of COVID-19 with SCT.
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Counterfactual Mediation Analysis
Our results show that SCT was significantly associated with
death inCOVID-19–positivepatients, and individualswithSCT
had a higher risk of AKFdue to COVID-19. Therefore,we used
mediation analysis to examine howmuch of the effect of SCT
onCOVID-19–relateddeathwasmediated throughAKFdue to
COVID-19. On average, 22% (95% bootstrap CI, −3% to 83%)
of the total effect of SCT on COVID-19–related death was me-
diated through AKF within 60 days of COVID-19.

Discussion
Sickle cell disease is a multisystem disorder.30 Multisystem
anomalies were not known to be common in the heterozy-
gous HbS state, nor had they been comprehensively investi-
gated in SCT.We showed that individuals with SCTwere pre-
disposed to multisystem alterations, particularly kidney
disease. Multiple correlated chronic kidney conditions de-
rived fromtheEHRwere associatedwithSCT, corroboratedby
a decrease inmedian laboratory values for estimated glomer-
ular filtrationrateandelevation in thebaselinecreatinine level.
VeteransofAfricanancestry (n = 123 120)withpreexistingkid-
ney codes or displaying signs of the multisystem disorder
showed significant association with COVID-19 death.

In addition, SCT was significantly associated with a diag-
nosis ofAKFwithin60days of COVID-19. The increased risk of
AKF persisted despite adjustment for preexisting kidney con-
ditions or declining kidney function based on laboratory val-
ues.Theseobservations indicatedthatpre–COVID-19kidneyim-
pairment only explained a small fraction of increased risk for
post–COVID-19 AKF, suggesting that the mechanisms for AKF
might be different for individualswith SCT andCOVID-19. The
associationofSCTwithkidneydysfunctionbothbeforeandaf-
terCOVID-19 indicatesanactive roleof sicklehemoglobin in the
pathogenesisofkidneyfunctionabnormalities.Mediationanaly-
sis found that anAKFdiagnosiswithin60daysofCOVID-19ac-
counted formore than 20%of COVID-19 deaths in individuals
of African ancestry with SCT. In summary, there was an in-
creased risk of death from COVID-19 among SCT carriers.

Chronickidneydiseaseat3%to13%prevalencewasamong
the most common comorbidities in the hospitalized patients
with COVID-19, which also included hypertension (48%-
57%), diabetes (17%-34%), cardiovascular disease (21%-
28%), chronic pulmonary disease (4%-10%), and malignant
neoplasm (6%-8%).31 Many of these conditions have been
showntobeassociatedwithsevereCOVID-19outcomes inprior
studies. The polymerization of hemoglobin beta sickle pro-
tein inSCDcontributes tovaso-occlusion.32 In individualswith
SCT, sickling due to low oxygenation tension in the kidneys

may cause kidney dysfunction,33,34 which can be exacer-
bated by COVID-19, in addition to other potential
mechanisms.35 Of note, gout has a known association with
SCD,36 but its linkage to SCT identified through association
studies has not been previously reported.

Earlier studieson theassociationofSCTandCOVID-19out-
come have been limited by sample size.37-39 A large EHR-
basedcase-control studyofmostlywomen (80%)andyounger
adultshadnot foundworseoutcomes for individualswithSCT
and COVID-19.40 Consistent with our findings, a recent re-
port found increased risk of hospitalization and death from
COVID-19 for individualswithSCDandSCT.4Studies showthat
COVID-19 disproportionately affects certain populations, in-
cluding the medically underserved and racial and ethnic mi-
nority groups, and places them at higher risk.41 Our findings
suggest that SCT can further contribute toworse outcomes in
individuals of African ancestry, and there is a need for new
treatment strategies to improveclinical outcomesofCOVID-19
in individuals with SCT.

The presence of an HbC allele was not associated with
worseCOVID-19outcomes.The lackofassociationsofHbCwith
multiple medical/kidney comorbidities may explain the dif-
ference in COVID-19 outcomes.

Limitations
The MVP participants were predominantly male but repre-
sented one of the largest African ancestry cohorts available.
No patient with SCD was present in the MVP, as this condi-
tionwould generally preclude enlistment in the armed forces.
ThePheWASassociation studywasdesignedas abroad screen
to test for potentially clinically relevant associations be-
tweengenes andclinical conditions,with limitedpower tode-
tect associations among uncommon conditions, particularly
when stratified by genetic ancestry. Despite our best statisti-
cal efforts andadjustment, residual confounding andmisclas-
sificationmaystill exist.Ourwork canbe strengthenedby rep-
lication studies. The molecular subtypes of COVID-19,
vaccination, and treatment approaches evolved organically
during the study period.

Conclusions
In this genetic association study, SCTwas associated with in-
creased COVID-19 mortality and a number of preexisting
chronicmedical conditions inAfricanancestry individuals.Our
findings support the inclusion of SCT as an adverse prognos-
tic factor for COVID-19 and development of SCT-tailored in-
terventions. Our work has broad implications for the detec-
tion and clinical management of SCT.
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