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Convalescent plasma associates with reduced
mortality and improved clinical trajectory in patients
hospitalized with COVID-19
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BACKGROUND. Evidence supporting convalescent plasma (CP), one of the first investigational treatments for coronavirus
disease 2019 (COVID-19), has been inconclusive, leading to conflicting recommendations. The primary objective was to
perform a comparative effectiveness study of CP for all-cause, in-hospital mortality in patients with COVID-19.

METHODS. The multicenter, electronic health records-based, retrospective study included 44,770 patients hospitalized
with COVID-19 in one of 176 HCA Healthcare-affiliated community hospitals. Coarsened exact matching (1:k) was employed,
resulting in a sample of 3774 CP and 10,687 comparison patients.

RESULTS. Examination of mortality using a shared frailty model, controlling for concomitant medications, date of admission,
and days from admission to transfusion, demonstrated a significant association of CP with lower mortality risk relative to the
comparison group (adjusted hazard ratio [aHR] = 0.71; 95% Cl, 0.59-0.86; P < 0.001). Examination of patient risk trajectories,
represented by 400 clinico-demographic features from our real-time risk model (RTRM), indicated that patients who received
CP recovered more quickly. The stratification of days to transfusion revealed that CP within 3 days after admission, but not
within 4 to 7 days, was associated with a significantly lower mortality risk (aHR = 0.53; 95% Cl, 0.47-0.60; P < 0.001). CP
serology level was inversely associated with mortality when controlling for its interaction with days to transfusion (HR =
0.998; 95% Cl, 0.997-0.999; P = 0.013), yet it did not reach univariable significance.

CONCLUSIONS. This large, diverse, multicenter cohort study demonstrated that CP, compared with matched controls, is
significantly associated with reduced risk of in-hospital mortality. These observations highlight the utility of real-world
evidence and suggest the need for further evaluation prior to abandoning CP as a viable therapy for COVID-19.

FUNDING. This research was supported in whole by HCA Healthcare and/or an HCA Healthcare-affiliated entity, including
Sarah Cannon and Genospace.

Introduction treatments for COVID-19, including CP, emerged from the rapidly
Convalescent plasma (CP) from patients who recover from severe  evolving political and interventional landscape of the pandemic.
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been  Furthermore, clinical interpretations of this discordant data led to
in use since the inception of the pandemic to treat coronavirus dis-  underuse, overuse, and misuse of certain interventions, often not
ease 2019 (COVID-19) (1-15). Discrepant reports of the efficacy of =~ considering the appropriate mechanistic context. Nevertheless, CP
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has been utilized in prior pandemics and epidemics to introduce
antibodies to elicit an immune response during the viral phase of
infection. As a rapid response to an absence of any FDA-approved
treatments of this deadly disease, CP use was granted through indi-
vidual emergency investigational new drug (eIND) and the expand-
ed access protocol (EAP) in the United States, providing sufficient
safety data to justify emergency use authorization (EUA) in August
of 2020 (16). Although over 100,000 patients were infused under
the EAP, the absence of a matched comparison cohort limits the
use of these data to assess the effectiveness of CP (8, 17). Further-
more, randomized control trials (RCTs) struggled with enrollment,
design, and cohort selection, nimbleness, and aligning site selec-
tion with local outbreaks, which resulted in underpowered and/or
inconsistent conclusions on the efficacy of CP (6, 16, 18-24). Most
matched studies and RCTs around the globe have shown a trend of
CP providing survival benefit, but all had relatively small cohorts
except the RECOVERY trial (n =11,558), which failed to show ben-
efit with CP (20, 25). Two recent studies have demonstrated signifi-
cantly reduced risk of hospital mortality in the CP-treated group,
including a retrospective evaluation of hematologic cancer patients
(n=966) and an RCT of severe/critical patients (n = 223), with 48%
and 56% reduced risk, respectively (26, 27). Sluggish global deploy-
ment of vaccinations, diminished vaccine adoption rates, and the
potential appearance of more transmissible and/or resistant vari-
ants have renewed interest in CP. Recent data from the EAP cohort
revealed that regional proximity of donor CP to the recipient is asso-
ciated with reduced mortality, suggesting that regional variations in
SARS-CoV-2 could be driving CP responses (28).

Due to the limitations of RCTs in assessing CP during a rap-
idly evolving pandemic, well-matched, retrospective analyses
are critical for comparative effectiveness studies, where they also
serve to inform on utilization trends and generate hypotheses.
Challenges for retrospective analyses to date have been the diffi-
culty in accurately generating a matched synthetic control as well
as having a sensitive indicator of disease progression and thera-
peutic response. We previously reported a real-time risk model
(RTRM) for COVID-19 that provides a daily granular measure of
disease progression to adequately match baseline disease sever-
ity and create a risk trajectory for each patient (29). Using both
the daily RTRM probabilities and COVID-19 WHO progression
scale (WHO PS), we retrospectively examined the association of
CP with all-cause, in-hospital mortality and clinical recovery in
matched cohorts derived from our COVID-19 registry. The regis-
try consisted of 44,770 patients admitted to one of the 176 HCA
Healthcare-affiliated community hospitals where CP was provid-
ed under an eIND, EAP, or EUA.

The aim of the current study was to provide value to the grow-
ing body of literature surrounding CP benefit by providing insights
from a large, diverse, and community-based COVID-19 cohort. To
our knowledge, this is the largest retrospective study to date to
evaluate the effectiveness of CP at reducing all-cause mortality
in the overall hospitalized COVID-19 population by comparing
effects with those of a comparison group matched to greater than
400 clinico-demographic features. Our data provide context for
optimal delivery and validate recent trends in the literature show-
ing CP benefit (25-27). Finally, there is a dose-response effect with
CP antibody levels and we demonstrate that sooner CP adminis-
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tration really is better in accordance with the mechanisms of viral
clearance and immune regulation.

Results

Patient characteristics. The WHO PS-matched sample resulted in
4337 CP and 8708 comparison patients, and the RTRM-matched
sample resulted in 3774 CP and 10,687 comparison patients (Figure
1, Supplemental Tables 1-3 [WHO PS], and Tables 1, 2, 3 [RTRM];
supplemental material available online with this article; https://doi.
org/10.1172/JCI151788DS1). The majority of the RTRM-matched
sample subjects were Hispanic (49%) or non-Hispanic White
(32%), male (60%), and in the 45- to 64-year age group (46%) with
predominant comorbidities of diabetes (30%) and hypertension
(49%; Table 1). For both the CP and comparison groups, 12% of
patients presented with severe sepsis and 3% with bacterial pneu-
monia during their hospitalization (Table 2). Although the differ-
ence was minimized by matching, the CP group retained higher
rates of sepsis (32%) compared with the comparison group (24%;
Table 2). After excluding those intubated within 2 days of admis-
sion and unlikely to receive CP in time to benefit, there were 1.9%
of patients intubated at some point during hospitalization (Table
2). Most patients received anticoagulants, azithromycin, other
antibiotics, remdesivir,and steroids during hospitalization (Table
2). Biomarker and oxygenation data were descriptively reported
for both admission and baseline time points for both CP and com-
parison groups, which included standard unit transformation and
validation of expected values (Table 3).

Details on descriptives and frequencies for the overall eligible
cohort by calendar epoch can be found in Supplemental Tables 4
and 5. From the overall eligible cohort (n = 33,987) shown in Figure
1, there were 8034 patients treated with CP and 25,953 patients
not treated with CP. The mean number of days from admission
to transfusion and length of stay across all epochs for the eligible
cohort was 4.0 + 3.7 and 14.9 * 10.9, respectively (Supplemental
Table 5). Distribution of the frequency of CP transfusions by cal-
endar date was graphed, and the index time frame for active EAP
was highlighted in order to estimate EAP enrollment compared
with eIND and EUA, noting that eIND usage throughout the active
EAP time frame could not be excluded based on structured health
records (Supplemental Figure 1, ~90% EAP). In addition, we eval-
uated the incidence of transfusion-related serious adverse events,
including transfusion-related acute lung injury (TRALI), transfu-
sion-associated circulatory overload (TACO), transfusion-relat-
ed infection, thromboembolic/thrombotic event, severe allergic
transfusion reaction, severe hemolytic transfusion reaction, trans-
fusion-related severe anaphylaxis, and unspecified transfusion-
related adverse events in patients who received CP (all CP; n =
8034), fresh-frozen plasma verified negative for SARS-CoV-2 total
antibody (verified FFP; n = 572), or neither CP nor FFP with other
blood products not ruled out (non-CP, non-FFP; n = 25,953; Sup-
plemental Table 6). A very low rate of transfusion-related adverse
events was identified for all 3 cohorts. A total of 19 events (0.23%)
were identified for the eligible CP cohort as compared with 0.87%
in the FFP and 0.11% in the non-CP, non-FFP cohorts (Supple-
mental Table 6). Differences in adverse events between CP and
non-CP, non-FFP cohorts was predominantly due to TRALI and
unspecified transfusion-related adverse events. Importantly, the
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Figure 1. Patient selection and matching approaches. Consort diagram displaying patient inclusion/exclusion and filtering criteria for defining the
COVID-19 cohort of interest for each analysis. Level of absent data is represented prior to coarsened exact matching (CEM). Subsequent prematch and
postmatch patient counts are reported with relevant matching criteria that were applied. Gray boxes indicate final postmatch cohorts for all reported
analyses (WHO PS: main effect; RTRM: main effect; RTRM: intubation status; RTRM: days to transfusion 0-3; RTRM: days to transfusion 4-7; and sero-
logic data). Excluding patients intubated within 48 hours after admission, intubation status was defined as intubated at any time during hospitalization
for matching purposes and intubated prior to or on day of transfusion for the intubation subgroup analysis.
a
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Table 1. Demographics for RTRM-matched model

Total number of patients, n

Age groupings"
18-44
45-64
65-74
75-84
85+
Race/ethnicity*
Hispanic
Non-Hispanic, Black
Non-Hispanic, other®
Non-Hispanic, White
Sex*

Prematch CP
7393

958 (13.3%)
2861(38.7%)
1707 (23.1%)
1315 (17.8%)
552 (7.5%)

3253 (44.0%)
1150 (15.6%)
460 (6.2%)

2530 (34.2%)

:

Female 3082 (41.7%)
Male 4311(58.3%)
Smoking status
Current smoker 263 (3.6%)
Former smoker 1444 (19.5%)
Never smoker 4815 (65.1%)
ND 871(11.8%)
Preadmission comorbidities

Asthma or reactive airway disease 706 (9.5%)
COPD (excluding asthma)* 1424 (19.3%)
Autoimmune disorders 879 (11.9%)
Organ-related autoimmune disorders 436 (5.9%)
Systemic autoimmune disorders* 505 (6.8%)
Cancer 421 (5.7%)
Cancer (diagnosed in the last 2 years) 228 (3.1%)
Chronic ischemic heart disease* 1544 (20.9%)
Congestive heart failure* 1352 (18.3%)
Diabetes 3218 (43.5%)
Diabetes with chronic complications 1400 (18.9%)
Diabetes without chronic complications 1818 (24.6%)
HIV infection 32 (0.4%)
Hypertension 4680 (63.3%)
Renal disease (mild or moderate)"* 1147 (15.5%)
Renal disease (severe) 491(6.6%)

Prematch comparison Postmatch (P Postmatch comparison
22972 3774 10687
3970 (17.3%) 713 (18.9%) 2019.03 (18.9%)
7402 (32.2%) 1740 (46.1%) 4927.23 (46.1%)
4516 (19.7%) 667 (17.7%) 1888.77 (17.7%)
4087 (17.8%) 456 (12.1%) 1291.28 (12.1%)
2997 (13.0%) 198 (5.2%) 560.69 (5.2%)
7500 (32.6%) 1859 (49.3%) 5264.21(49.3%)
5177 (22.5%) 512 (13.6%) 1449.85 (13.6%)
1309 (5.7%) 215 (5.7%) 608.82 (5.7%)
8986 (39.1%) 1188 (31.5%) 3364.11(31.5%)
11523 (50.2%) 1528 (40.5%) 4326.90 (40.5%)
11449 (49.8%) 2246 (59.5%) 6360.10 (59.5%)
1322 (5.8%) 121(3.2%) 643.81(6.0%)
3909 (17.0%) 609 (16.1%) 1623.89 (15.2%)
13528 (58.9%) 2701(71.6%) 6838.05 (64.0%)
4213 (18.3%) 343 (9.1%) 1581.24 (14.8%)
2315 (10.1%) 282 (7.5%) 747.71(7.0%)
4769 (20.8%) 352 (9.3%) 996.77 (9.3%)
2826 (12.3%) 126 (3.3%) 356.80 (3.3%)
1789 (7.8%) 60 (1.6%) 169.90 (1.6%)
1295 (5.6%) 69 (1.8%) 195.39 (1.8%)
1442 (6.3%) 48 (1.3%) 135.92 (1.3%)
795 (3.5%) 28 (0.7%) 7127 (0.7%)
5238 (22.8%) 368 (9.8%) 1042.08 (9.8%)
4648 (20.2%) 286 (7.6%) 809.88 (7.6%)
9255 (40.3%) 1144 (30.3%) 3265.22 (30.6%)
4327 (18.8%) 346 (9.2%) 1005.49 (9.4%)
4928 (21.5%) 798 (21.1%) 2259.73 (21.1%)
124 (0.5%) 10 (0.3%) 31.22(0.3%)
14966 (65.1%) 1851 (49%) 5241.56 (49%)
3943 (17.2%) 298 (7.9%) 843.86 (7.9%)
1375 (6.0%) 65 (1.7%) 184.06 (1.7%)

Categorical data are shown as n (%), and continuous variables are presented as median (IQR). “Variables used for CEM matching. 80ther is defined as 60%
recorded in the medical record as “other” race where the remaining 40% includes reported race of American Indian/Alaska Native, Asian, Asian Indian,
Native Hawaiian/other Pacific Islander, or multiracial. COPD, chronic obstructive pulmonary disease.

CP cohort did not have greater rates of adverse events compared
with the FFP-transfused cohort, suggesting that CP transfusion
posed no higher risk than other transfusions.

All-cause mortality. For main analyses examining the effect of
CP on all-cause, in-hospital mortality, both the WHO PS-matched
and the RTRM-matched models included matching variables
of calendar epoch, intubation any time during hospitalization
(excluding those intubated within 48 hours of admission), age
grouping, ethnicity/race, sex, significantly different prematch
comorbidities, and severity, measured by the WHO PS score or the
RTRM risk probability (using 0.10 increments) at baseline. Signif-
icant comorbidities included organ-specific autoimmune disor-
der, systemic autoimmune disorder, chronic pulmonary disease

(excluding asthma), diabetes (without complications), mild/mod-
erate renal disease, cancer, congestive heart failure, and chronic
ischemic heart disease (Table 1 and Supplemental Table 1).

When examining all-cause, in-hospital mortality using a
shared frailty model to account for facility effects, both models,
WHO PS matched and RTRM matched, demonstrated a signifi-
cant association of CP with lower risk of mortality compared with
the matched comparison group (WHO PS: adjusted hazard ratio
[aHR] = 0.75; 95% CI, 0.65-0.85; P < 0.001; RTRM: aHR = 0.71;
95% CI, 0.59-0.86; P < 0.001) when controlling for concom-
itant medications, calendar date of admission, and days from
admission to transfusion (Table 4). Coinfections such as bacteri-
al pneumonia, sepsis, and severe sepsis were only controlled for
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Table 2. Clinical characteristics for RTRM-matched model

CLINICAL MEDICINE

treated with CP were associ-
ated with a quicker decline in
risk severity over time than the

Prematch CP Prematch comparison Postmatch CP Postmatch comparison .

Total number of patients, n 7393 2972 3774 10687 matched comparison group for

Medications both overall hospitalization (CP,
Anticoagulants 7232 (97.8%) 19647 (85.5%) 3688 (97.7%) 9519.65 (83.1%) slope [b] =-0.0038; comparison,
Azithromycin 5447 (73.7%) 14123 (61.5%) 2767 (73.3%) 699149 (65.4%) b=-0.0030) and the first 10-day
Antibiotics, other 6711(90.8%) 18641 (81.1%) 3278 (86.9%) 8761.25 (82.0%) window (CP, b =-0.0040; com-
Antivirals 164 (2.2%) 474 (21%) 54 (14%) 160.58 (1.5%) parison, b = -0.0034), respec-
Hydroxychloroquine 429 (5.8%) 2580 (11.2%) 162 (4.3%) 331.29 (3.1%) tively. This -0.0008 difference
Remdesivir 4549 (61.5%) 3162 (13.8%) 2240 (59.4%) 2206.96 (20.7%) in slope equated to an overall
Tocilizumab 784 (10.6%) 554 (2.4%) 251(6.7%) 353.30 (3.3%) 27% difference in risk reduction
Statins/ACEi 2962 (40.1%) 8322 (36.2%) 1209 (32.0%) 3156.30 (29.5%) per day of hospitalization for CP
Systemic corticosteroids 6994 (94.6%) 12988 (56.5%) 3563 (94.4%) 7453.14 (69.7%) relative to the comparison group.
Immunomodulators, other 11(0.15%) 22 (0.1%) 3(0.1%) 5.92 (0.1%) The RTRM risk trajectory analy-

Clinical var.iables ses assumed a linear fit, so we
Intubation® 1290 (17.4%) 815 (3.5%) 71(1.9%) 201.05 (1.9%) provided average daily RTRM
All-cause death 1519 (20.5%) 1500 (6.5%) 219 (5.8%) 47790 (4.5%)

Baseline RTRM score* 0.14 (0.04, 0.45)

0.04(0.02,013)

0.05(0.02,0.12)

0.03(0.01,0.12)

probabilities over hospitaliza-
tion to observe nonlinear trends

Admission WHO PS . X R
WHO PS 2 869 (11.8%) 8019 (34.9%) 463 (12.3%) 342769 (321%) in disease progression for the
WHO PS 3 3816 (516%) 11382 (49.5%) 2255 (59.8%) 5316.54 (49.7%) RTRM main effect, intubation
WHO PS 4 2524 (34.1%) 2262 (3.8%) 1013 (26.8%) 1365.30 (12.8%) status, and days to transfusion
WHO PS5 149 (2.0%) 283 (1.2%) 29 (0.8%) 149.66 (1.4%) (Figure 2).
ND 35 (0.5%) 1026 (4.5%) 14 (0.4%) 42781 (4.0%) Intubation status subgroups.

Baseline WHO PS Intubation status was defined by
WHOPS 2 247 (3.3%) 7335 (31.9%) 175 (4.6%) 3072.24 (28.7%) whether patients were intubated
WHOPS 3 2503 (33.8%) 11312 (49.2%) 1827 (48.4%) 5238.54 (49.0%) prior to or on same day as trans-
WHO PS 4 3994 (54.0%) 2898 (12.6%) 1701 (45.1%) 1801.22 (16.9%) fusion or pseudo-baseline, but
WHO PS5 637 (8.6%) 536 (2.3%) 61(1.6%) 207.07 (1.9%) excluded those patients intubat-
ND 12 (0.2%) 891(3.9%) 10 (0.3%) 367.93 (3.4%) ed within the first 48 hours after

Secondary infections admission. Statistical analyses
Bacteremia 44 (0.6%) 155 (0.6%) 15 (0.4%) 66.80 (0.6%) examined the interaction of CP
Ba(tfznal pneumonia 432 (5.8%) 682 (3.0%) 116 (3.1%) 271.09 (2.5%) with intubation, which served as
Sepsis 2022 (374%) 5019 (21.8%) 1202 (31.8%) 254775 (23.8%) . .
Severe sepsis 1878 (25.4%) 2681 (11.7%) 453 (12.0%) 1235.86 (11.6%) a surrogate for baseline severity,

Categorical data are shown as n (%), and continuous variables are presented as median (IQR). Intubation for

matching defined as yes/no intubation at any time during hospitalization after excluding those intubated within 48

hours after admission. AVariables used for CEM matching. ACEi, angiotensin converting enzyme (ACE) inhibitors.

in relation to all-cause, in-hospi-
tal mortality. The shared frailty
analysis showed that the effect
of CP on risk of mortality did
not differ for patients intubat-
ed prior to or at baseline com-

in the WHO PS-matched model, since the RTRM accounts for
secondary infections.

Both the WHO PS-matched model and RTRM-matched mod-
el violated the assumption of proportional hazards, so accelerated
failure time (AFT) models were performed to examine the consis-
tency of the effect (Table 2). The AFT did replicate the main find-
ings of CP on life expectancy for both models, but the AFT models
did not account for facility effects (WHO PS: adjusted decelera-
tion factor [aDF] =1.21;95% CI, 1.06-1.38; P= 0.005; RTRM: aDF
=1.23;95% CI, 1.10-1.37; P = 0.005).

RTRM risk trajectories. We investigated the effect of CP on rate
of recovery using a mixed effects model with the RTRM-matched
sample to evaluate RTRM trajectories over time and account for
facility effects. CP was significantly associated with a quicker
RTRM score improvement than in the matched comparison group,
controlling for concomitant medications, calendar date of admis-
sion, and days from admission to transfusion (P < 0.001). Patients
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pared with nonintubated patients, as demonstrated by including
an interaction term in the model and controlling for concomitant
medications, calendar date, and days from admission to transfu-
sion (P = 0.160; Table 5).

Days from admission to transfusion. There was a significant
effect of days from admission to transfusion on mortality, spe-
cifically within the CP group (aHR = 1.06; 95% CI, 1.03-1.09; P <
0.001). Therefore, exploratory analyses were performed to detail
this effect. A Cox regression model was progressively run, splitting
by every number of days from admission to transfusion, and it was
noted that the upper 95% CI of the aHR did not cross 1.0 out to 7
days. However, if each number of days was run in isolation, 3 days
from admission was the limit due to decreasing sample size.

Therefore, we examined the effect of CP across days on
mortality risk by stratifying the RTRM sample into 2 groups,
0 to 3 and 4 to 7 days, in accordance with sample distribution.
Each CP group was matched to comparison on baseline RTRM

:
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Table 3. Admission and baseline biomarkers for RTRM-matched model

Prematch CP
Total number of patients, n 7393
Admission biomarkers
Absolute lymphocyte count x 10*/pL 0.8(0.6,12)
Absolute neutrophil count x 103/ulL 6.0 (4.0,8.7)
Alanine aminotransferase, units/L 37 (24,58)
Aspartate aminotransferase, units/L 47 (33,70)

C-reactive protein, mg/dL
D-dimer, ng/mL DDU

Ferritin, ng/mL

Hemoglobin Alc

IL-6, pg/mL

Lactic acid blood, mmol/L
Lactate dehydrogenase-serum/plasma, U/L
Procalcitonin, ng/mL

Serum creatinine, mg/dL

Total bilirubin, mg/dL

Troponin |, ng/mL

White blood cell count x 10°/plL

Baseline biomarkers

Absolute lymphocyte count x 103/pL
Absolute neutrophil count x 103/pL
Alanine aminotransferase, units/L
Aspartate aminotransferase, units/L
C-reactive protein, mg/dL

D-dimer ng/mL, DDU

Ferritin, ng/mL

Hemoglobin Alc

IL-6, pg/mL

Lactic acid blood, mmol/L

Lactate dehydrogenase-serum/plasma, U/L
Procalcitonin, ng/mL

Serum creatinine, mg/dL

Total bilirubin, mg/dL

Troponin |, ng/mL

White blood cell count x 10°/plL

Admission oxygenation measures

Arterial blood partial pressure (0,
Arterial blood partial pressure 0,
Blood pH

Pa0,/Fi0, ratio

Tidal volume, mL

Baseline oxygenation measures
Arterial blood partial pressure (0,
Arterial blood partial pressure 0,
Blood pH

Pa0,/Fi0, ratio

Tidal volume, mL

11.2(6,17.7)
510 (315, 880)
574 (283,1066)
71(6.2,9.)
46.4(20.4,104.0)
15(1.2,2.0)
379 (286, 512)
0.23 (010, 0.64)
1.00 (0.80, 140)
0.6(04,0.8)
0.03(0.02, 0.09)
74 (54,10.2)

0.8(0.5,12)
8.1(54,113)
39 (26, 65)
43 (29, 64)
6.6(3.3,12.7)
565 (326, 1165)
606 (328, 1076)
6.9 (6.2, 8.6)
32.6(10.4,103.1)
17(13,23)
401(297, 556)
0.24 (0.10, 0.74)
0.86 (0.70,1.20)
0.5(04,0.7)
0.10(0.03,0.53)
91(6.5,12.5)

34.2(30.3,38.6)
68.6 (59.0, 84.1)
74 (74,75)
110.0 (71,0, 207.1)
480 (433, 550)

37.0(324,426)
69.6 (59.0, 87.5)
74 (74,75)
89.7 (65.4,1413)
450 (420, 500)

500 (299, 915)
421(195, 823)
6.9(6.0,8.9)
33.3(10.8, 85.6)
14 (1.0,2.0)
293 (224, 403)
0.21(0.09, 0.76)
0.87(0.69, 1.20)
05(03,0.7)
0.08 (0.03,0.27)
7.2(51,10.1)

34.6(30.2,39.1)
73.6 (62.1,93.5)
74 (74,75)
234.8 (122.7,319.5)
481(420,500)

36.0 (31, 41.8)
73.0 (614, 94.0)
74(74,75)
152.0 (874, 253.3)
450 (400, 500)

426 (269, 782)
555 (297, 939)
6.8 (6.1,83)
16.0 (6.7, 62.0)
15(11,1.9)
342 (266, 459)
0.14 (0.07,0.34)
0.80 (0.66,1.00)
05(04,07)
0.06 (0.02, 0.40)
8.6 (6.3,11.6)

34.3(30.7,37.8)
69.0(59.7,84.4)
74 (74,75)
145.6 (83.5, 2524)
500 (450, 545)

36.3 (324, 40.1)
71.0 (60.5, 86.2)
74(74,75)
101.0 (72.5,164.8)
450 (421,500)

Prematch comparison Postmatch CP Postmatch comparison
22972 3774 10687
1.0 (0.7,1.5) 0.9(0.7,1.2) 1.0(0.7,14)
51(34,76) 59(4.0,8.5) 56(3.8,83)
31(21,51) 40(26.5,63) 36 (24,58)
38(26,59) 46 (33,68) 41(28,62)
71(3.2,13.2) 10.2 (5.6, 16.9) 8.1(3.8,14.6)
485 (298, 881) 430 (280, 730) 446 (280, 750)
385 (172, 808) 555 (279, 990) 461(216, 916)
6.8 (6.0,9.0) 7(61,9.2) 7(6.0,96)
372 (14.0, 89.0) 357 (13.9, 84.0) 373 (14.0, 98.0)
14(11,19) 15(1.2,1.8) 15(11,1.9)
299 (225, 408) 362 (277, 478) 318 (239, 442)
0.17 (0.09, 0.49) 0.18(0.09,0.43) 0.17 (0.09, 0.44)
1.0 (0.78,140) 0.94 (0.77,1.20) 0.91(0.73,1.20)
0.5(04,0.8) 0.6(04,0.8) 0.5(04,0.8)
0.03 (0.02, 0.09) 0.02 (0.01, 0.06) 0.03 (0.01,0.07)
70(51,9.7) 73(5.5,10.0) 74 (5.4,10.27)
11(0.7,1.5) 0.9(0.6,13) 1.0 (0.7,1.5)
54 (3.5,8.5) 74 (5.0,10.2) 6.21(3.9,94)
34 (21,59) 44(28,72) 40(25,67)
37(25,59) 40 (28, 59) 38 (26, 60)
51(23,9.9) 54(2.7,9.8) 5.0(23,99)

450 (280, 800)
469 (237,912)
71(6.1,94)
296 (11.2,100.9)
1.5 (11,2.0)
301(232, 411)
0.16 (0.09, 0.44)
0.80 (0.65, 1.02)
0.5(0.3,0.6)
0.07 (0.03, 0.41)
7.8 (5.4,10.9)

33.87(30.2,37.7)
718 (61,90.2)
74 (74,75)
211.5(97.7,305.7)
500 (450, 550)

35.5(30.2,40.2)
73.0 (61.0,94.0)
74(74,75)
123.6 (79.1,243.0)
470 (446, 500)

Categorical data are shown as 11 (%), and continuous variables are presented as median (IQR). DDU, D-dimer units.

probability, sex, age, and race. We identified a significant asso-
ciation of CP with reduced mortality risk when examining the
0- to 3-day group (aHR = 0.53; 95% CI, 0.47-0.60; P < 0.001),
but this association was not significant for the 4- to 7-day group
(aHR = 0.94; 95% CI, 0.76-1.15; P = 0.520) after adjusting for
concomitant medications, calendar date, and days from admis-

;

sion to transfusion, suggesting the significant association of days
from admission to transfusion is driven by the first 3 days (Table
5). However, this should not be interpreted as showing there is
no benefit after 3 days with CP, as the distribution of our sample
was dominated by CP transfusions within 3 days after admission
(66%; Supplemental Figure 2).
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Table 4. Effects across multivariable all-cause hospital mortality models

Shared frailty model
aHR LLCI uLa
RTRM matched (n, ., = 417)
P 0.7 0.59 0.86
Date of admission 1.01 1.00 1.01
Days to transfusion 1.03 1.01 1.05
Anticoagulants 0.85 0.57 128
Tocilizumab 1.89 145 245
Azithromycin 0.92 0.74 115
Statins/ACEi 1.20 1.02 140
Steroids 2.05 1.50 2.80
Immunomodulators 129 017 9.90
Hydroxychloroguine 093 0.58 149
Remdesivir 0.77 0.65 0.92
Antivirals 293 199 432
Antibiotics 1.26 0.91 173
WHO PS matched" (n_, = 880)

(P 0.75 0.65 0.85
Date of admission 1.00 1.00 1.01
Days to transfusion 1.03 1.02 1.05
Anticoagulants 0.66 047 093
Tocilizumab 0.89 0.74 1.07
Azithromycin 0.83 0.71 0.97
Statins/ACEi 113 1.01 127
Steroids 1.20 0.92 1.56
Immunomodulators 123 0.6 9.68
Hydroxychloroguine 115 0.84 1.58
Remdesivir 0.74 0.66 0.84
Antivirals 0.81 0.57 115
Antibiotics 138 1.02 1.86
Bacterial pneumonia 0.93 0.77 113
Sepsis 1.80 154 21
Severe sepsis 3.87 3.37 444

Cox regression model AFT model
aHR LLCI uLdl aDF LLCI uLc
0.75 0.59 0.96 123 110 137
1.00 1.00 1.01 1.00 1.00 1.00
1.04 1.01 1.07 0.97 0.96 0.99
0.88 0.51 1.53 1.06 0.83 1.35
137 0.85 2.20 0.82 0.70 0.96
0.98 0.71 135 1.04 0.92 118
113 0.86 147 0.93 0.84 1.03
230 134 3.94 0.59 049 0.71
0.83 019 3.62 1.51 038 6.01
0.84 049 145 116 0.87 1.55
0.72 0.53 0.97 1.29 115 143
210 0.85 5.24 0.53 0.4 0.70
115 0.65 2.03 0.92 0.76 112
0.85 0.71 1.01 121 1.06 138
1.00 1.00 1.01 1.00 1.00 1.00
1.03 1.00 1.05 0.96 0.94 0.97
0.69 043 m 137 0.94 2.00
0.90 0.66 123 1.00 0.82 123
0.88 0.70 112 116 0.99 1.37
110 0.92 133 0.89 0.78 1.01
129 0.78 212 0.74 0.56 0.98
123 0.62 243 115 0.08 15.83
0.94 0.62 143 124 0.88 175
0.66 0.54 0.81 142 124 1.62
0.84 045 1.54 0.96 0.64 142
148 0.87 2.52 0.64 047 0.88
1.04 0.74 147 0.83 0.66 1.04
1.56 1.21 1.99 0.63 0.53 0.75
3.59 2.87 450 0.23 019 0.27

Medications were computed as indicators of usage over the length of hospitalization. Effects provided are from multivariable analyses. AWHO PS model
included secondary infections since all other models were matched on RTRM score, which would have accounted for secondary infections. LLCI, lower level
of 95% Cl; ULCI, upper level of 95% CI. Numbers in bold text indicate significance (CI not crossing 1.0).

Donor serology. When examining total anti-SARS-CoV-2 sig-
nal to cutoff ratio (S/Co) serology for donor samples as either a
continuous variable or as ordinal low, medium, or high (20th and
80th percentiles), there was no significant association with risk
of mortality, although there was a trend in the expected direction
(n=1,944, Supplemental Table 7 and ref. 8). To further this explo-
ration, we determined whether the impact of donor serologic lev-
els on mortality was influenced by days from admission to trans-
fusion. The interaction of S/Co serology level as a continuous
variable with days to transfusion was significantly associated with
risk of mortality (P = 0.044) along with the main effects (serology:
HR =0.998; 95% CI, 0.997-0.999; P = 0.013; days to transfusion:
HR =1.036;95% CI,1.002-1.071; P= 0.037) (Supplemental Table
7). This resulted in a 0.2% decreased risk of mortality for every 1
unit of S/Co serology level, where it ranged from 1.25 to 932.00
with a mean of 178.21 and SD of 138.49. Simple slopes analyses
were performed to examine this significant interaction and are
reported in Supplemental Table 7.

J Clin Invest. 2021;131(20):e151788 https://doi.org/10.1172/)CI151788

Discussion

Although others have shown a correlation of the levels of antibody
titers in CP with improved outcomes and there are clear trends
toward benefit across the COVID-19 CP literature (8, 25), our data
are the first to our knowledge to provide evidence in a nationwide,
community-based matched cohort that CP is associated with a
29% reduced risk of death in patients hospitalized with COVID-19.
This effect is even more pronounced if CP is delivered within the
first 3 days after admission, revealing a 47% reduction in risk of
in-hospital mortality for all patients regardless of baseline severity.
However, detailed analyses suggest there might be continued ben-
efit beyond day 3, indicating further investigations are warranted.
Moreover, patients treated with CP experienced a faster recovery,
equating to a 27% difference in reduction in risk/severity per day
over their length of stay, as measured by daily RTRM probabilities.
Interestingly, this effect was not dependent on baseline severity,
as we found no differential association of CP with mortality risk
based on intubated status prior to or at baseline.
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Figure 2. Real-time risk curves as a visual of daily patient risk trajectories. RTRM curves, smoothed and weighted, showing risk trajectories across CP
and the comparison group. A generalized additive model with integrated smoothness estimation was applied to the risk predictions over hospitalization
time, which were anchored by baseline date. Patients at discharge were assigned a final RTRM probability based on vital status of 1.00 for expired and
0.00 for alive. Shaded boundaries around each curve represent the 95% Cls. (A) Main weighted comparison of the RTRM-matched cohort of CP (orange)
and the comparison (blue) groups. (B) Weighted comparison of CP (orange) and comparison (blue) groups stratified by intubation (dotted) versus no
intubation (solid) at any point during hospitalization, excluding intubation within 48 hours after admission. Note, this is different from the intubation
subgroup analysis where intubation was defined as having occurred prior to or on the day of transfusion or pseudo-baseline, excluding patients intubated
within the first 48 hours of admission. (C) Compilation of weighted comparisons between CP (orange) and the comparison (blue) groups for each of the
two 0 to 3 (dotted) and 4 to 7 (solid) days from admission to transfusion groupings.

Donor SARS-CoV-2 antibody levels for a subset of CP recip-
ients, as measured by total S/Co, were associated with a 0.2%
reduced risk of mortality per unit increase after adjusting for its
interaction with days from admission to transfusion. Joyner et al.
have also shown within the large EAP cohort that semiquantitative
CP antibody levels were inversely correlated with mortality when
given within a few days of hospitalization (8). Despite methodolog-
ical differences in laboratory approaches and serology assay plat-
forms used in the two studies, the consistency across these studies
suggests there is, indeed, a dose-response benefit to receiving CP.

Although we made substantial efforts to manage challeng-
es of analyzing real-world data, there are limitations inherent in
their use. These include the evolution of diagnosis and treatment
during this pandemic as well as changes in medical documenta-
tion and coding related to COVID-19 across multiple facilities.
We attempted to account for this by matching on calendar epochs,
controlling for calendar date, and nesting on facility. Neither
BMI nor smoking status could be included in our analyses due to
unreliability and absence of reported data, respectively. Further-
more, due to the retrospective, records-based design of this study
combined with the community-based nature of our healthcare
network, SARS-CoV-2-specific biomarkers such as viral load and

J Clin Invest. 2021;131(20):e151788

recipient antibody levels before and after CP transfusion were not
ordered as a standard of care and thus were not available in the
medical records. Incorporating days from symptom onset to trans-
fusion, rather than days from admission, could more accurately
identify optimal timing of CP transfusion. However less than 10%
of patients had clear reporting of symptom onset and thus we
could not confidently execute analyses with symptom onset due
to absence of data. Additionally, we defined intubations within
the first 48 hours after admission as key exclusion criteria a priori
due to the mechanistic assessment that CP would not have time
to improve outcome of hospitalized patients admitted with the
most severe disease symptomology generally due to overactive
immune and chemokine responses. Looking at rates of patients
excluded based on intubation within the first 48 hours from the
CP cohort (9.6%) as compared with the comparison group (5.1%)
revealed that there was a small selection bias. However, this bias
did not affect our current analyses, since baseline severity for the
prematch CP cohort remained higher than baseline severity for
the prematch comparison group in regard to intubation status,
RTRM probabilities, and WHO PS scores. Finally, although con-
comitant medications were controlled for in all primary, second-
ary, and subgroup analyses, they were treated as indicators during

https://doi.org/10.1172/JCI151788
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Table 5. Effects across multivariable mortality models for all subanalyses

Shared frailty model

aHR LLCI uLa
RTRM: intubation status at transfusion/
pseudo-baseline (n,,, = 842)
P 0.82 071 0.95
Intubation at baseline 1.88 143 248
Date of admission 1.01 1.00 1.01
Days to transfusion 1.00 0.99 1.02
Anticoagulants 0.79 0.58 1.08
Tocilizumab 154 130 1.82
Azithromycin 0.90 0.77 1.04
Statins/ACEi 0.92 0.82 1.04
Steroids 1.98 1.56 2.51
Immunomodulators 1.05 014 181
Hydroxychloroguine 117 0.86 160
Remdesivir 0.87 0.77 0.98
Antivirals 1.67 123 2.26
Antibiotics 1.60 121 21
Intubation at baseline * CP 133 0.89 2.00
RTRM: days to transfusion 0-3 (n,,,,, = 1003)
P 0.53 047 0.60
Date of admission 1.01 1.00 1.01
Days to transfusion 1.06 1.00 112
Anticoagulants 0.74 0.61 0.90
Tocilizumab 1.78 151 2.09
Azithromycin 0.94 0.83 1.06
Statins/ACEi 1.05 0.96 116
Steroids 214 177 2.58
Immunomodulators 3.66 153 8.74
Hydroxychloroguine 0.87 0.62 122
Remdesivir 0.98 0.88 1.09
Antivirals 0.7 0.52 0.98
Antibiotics 133 1.09 1.61
RTRM: days to transfusion 4-7 (n, .. =420)
(P 0.94 0.76 115
Date of admission 1.01 1.00 1.01
Days to transfusion 1.04 0.96 112
Anticoagulants 1 0.73 1.69
Tocilizumab 0.72 0.53 0.97
Azithromycin 0.97 0.79 119
Statins/ACEi 1.21 1.03 144
Steroids 2.70 1.94 3.77
Immunomodulators* - - -
Hydroxychloroguine 1.63 113 2.35
Remdesivir 0.76 0.63 0.91
Antivirals 1.51 0.95 241
Antibiotics 136 0.91 2.04

aHR

0.79
2.01
1.01
1.01
0.67
139
0.98
0.87
1.96
0.63
1.01
0.82
134
129
1.20

0.60
1.00
1.08
0.78
1.54
0.96
0.96
2.25
3.20
0.88
0.87
0.64
123

0.93
1.01
1.03
1.02
0.70
0.97
112
2.86

140
0.70
1.67
148

Cox regression model

LLCI

0.65
093
1.00
0.98
0.44
0.98
0.77
0.7
122
013
0.65
0.65
0.57
0.88
0.53

0.50
1.00
0.96
0.50
1

0.78
0.79
147
192
0.55
0.70
0.29
0.83

0.72
1.00
091
0.52
048
0.73
0.87
175

0.85
053
0.82
0.86

uLa

0.96
435
1.01
1.03
1.01
1.96
124
1.07
312
3.08
1.55
1.03
317
191
2.75

071
1.01
121
122
213
119
116
344
532
142
1.08
14
1.83

119
1.01
116
2.00
1.01
129
143
468

230
0.92
34
2.53

aDF

119
0.38
1.00
1.00
128
0.81
1.03
1.09
0.66
163
1.02
119
0.74
0.86
1.25

145
1.00
0.95
121
0.78
1.04
1.04
059
0.58
112
118
1.26
091

1.09
0.99
0.98
1.02
14
1.04
091
0.46

0.76
133
0.62
0.77

AFT model

LLCI

1.09
0.30
1.00
0.99
1.08
0.72
0.94
1.01
0.58
043
0.83
110
0.60
0.74
0.90

134
1.00
091
1.06
0.70
0.96
0.97
0.52
031
0.90
110
1.00
0.80

0.95
0.99
092
0.75
114
0.89
0.80
0.36

0.57
115
042
0.57

uLa

129
047
1.00
1.01
152
0.90
113
118
0.76
6.13
124
128
0.92
1.00
1.72

1.57
1.00
0.99
138
0.87
112

m

0.67
110
14
127
1.59
1.04

1.26
1.00
1.04
139
175
120
1.03
0.58

1.00
153
0.92
1.03

Medications were treated as indicators of usage over the length of hospitalization. Effects provided are from multivariable analyses. Intubation status
at transfusion or pseudo-baseline for the subanalysis defined as intubated prior to or on day of baseline, excluding those intubated within 48 hours after
admission. Aimmunomodulators were removed from days to transfusion 4-7 model since there were minimal occurrences (n = 2). Numbers in bold text

indicate significance (CI not crossing 1.0).

hospitalization rather than accounting for their timing with CP
and dose. Future studies will be directed at evaluating medication
interactions with CP and identifying optimal dosing and timing of
concomitant medications.

A challenge to retrospectively evaluating CP delivered in the
community setting has been the evolution of treatment criteria
and access to CP. The CP cohort was skewed to higher severity
based on eligibility criteria for EAP enrollment prior to approval
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for EUA. Inconsistencies in supply and demand occurred through-
out 2020 in various outbreak locations. These challenges made it
difficult for most research groups to create a well-matched com-
parison cohort; however, we were able to capitalize on the gran-
ularity of our RTRM and the coarsened exact matching approach
to match on hundreds of clinico-demographic and biomarker
features to identify a properly matched cohort (29). Although
RCTs are the gold standard for assessing efficacy, their deploy-
ment during a rapidly evolving pandemic is especially challenging
at scale and in the community setting. Our robust comparative
effectiveness evaluation of CP utilizing the large and diverse HCA
Healthcare COVID-19 registry for rigorous matching demon-
strates a significant reduction in mortality in hospitalized patients,
especially those treated within 3 days of admission (aHR = 0.53;
95%CI, 0.47-0.60; P < 0.001). This retrospective study comes as
close to mitigating the biases arising from nonrandomized treat-
ment assignment as it is possible to achieve. Indeed, our data align
with two recently published studies, including a multisite RCT
and a large retrospective study in hematologic malignancies, that
demonstrate a 56% reduction in 28-day and a 48% reduction in
30-day in-hospital mortality, respectively (26, 27). Finally, these
results corroborate work from Casadevall and colleagues showing
an inverse correlation (-0.52) between the number of COVID-19
deaths occurring within 2 weeks of hospital admission and CP
usage within the United States (30). We believe our data to be
applicable to diverse groups as well as important in contemplating
design of future RCTs.

As novel and more virulent and transmissible SARS-CoV-2
variants emerge around the globe and as reports of post-vaccine
“breakthrough” infections and vaccine hesitancy increase, there
is a renewed motivation to identify effective treatments for hos-
pitalized patients. The data presented here demonstrate that fur-
ther evaluation is required prior to abandoning CP as an effective
intervention in the treatment of hospitalized COVID-19 patients.

Methods

Data sources

The design, analysis, and data interpretations were conducted inde-
pendently by the investigators. All authors testify to the accuracy
and completeness of the data with acknowledgement that there are
limitations to real-world evidence. Data for the study were obtained
through HCA Healthcare’s data warehouse, which contains detailed
and structured clinico-demographic, medical, medical history, phar-
macy, laboratory, and outcomes data captured in electronic medical
record systems (Epic, Cerner, Meditech) of 176 HCA Healthcare-
affiliated clinics and community hospitals across the United States. Any
data captured from March 2 to October 7, 2020, were included in the
study, allowing for a minimum of 10-day follow-up, while still retaining
99% of the initial sample with available discharge dates (Figure 1).

Patient selection

Patients 18 years or older that were hospitalized at any of HCA Health-
care’s hospitals and tested positive (CDC confirmed) or presumptive
positive (not CDC confirmed) for SARS-CoV-2 by any assay plat-
form (PCR, rapid antigen, antibody, etc.) 4 weeks before to 2 weeks
after their admission date were eligible for the study. Patients were
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excluded if they were intubated or expired within the first 48 hours
after admission as defined a priori. Any data from prior or subsequent
admissions or transfers within 36 hours were linked to create a contin-
uum of patient care (Supplemental Methods). Patients were excluded
if there were discordant gaps in care across data sources (Figure 1).

Exposure

The primary exposure for comparison was the first transfusion of CP
for treatment of COVID-19. We identified CP exposure by patients
having a transfusion date and receiving a blood product with a varia-
tion of convalescent and/or COVID in the name and a corresponding
ISBT-128 CP barcode as confirmed by blood-bank suppliers. Patients
who received unconfirmed plasma products were excluded from anal-
yses. Patients were included regardless of whether CP access was
provided under an eIND, EAP, or EUA. Patients who did not receive
transfusion of CP or any other plasma product were considered as
the comparison group.

We were able to obtain donor serology data measuring total anti-
SARS-CoV-2 antibodies from blood-bank suppliers used to treat a sub-
set of hospitalized COVID-19 patients. At the time, these suppliers were
only able to provide the donor serology results for the VITROS SARS-
CoV-2 Total Antibody Test (CoV2T, Ortho Clinical Diagnostics), which
targets the S1 antigen, detects IgM, IgA, and IgG antibodies, has a large
linear range, and has a sensitivity and specificity of 90% and 100%,
respectively (16). The American Red Cross correlated CoV2T S/Co to
neutralizing titers using plaque reduction neutralization assay (PRNT)
and showed a linear correlation between CoV2T and PRNT, with 82%
of samples with 1 or more total S/Co having a high neutralizing titer
of 1:160 or more (31-33). Therefore, positive serology was defined as
a §/Co greater than 1 (n = 1944), where all positives were evaluated for
correlation with outcome. Mean donor serology levels were calculated
for patients receiving multiple units of CP, whether concurrently or in
subsequent transfusions within a week of the first CP transfusion. Due
to low sample size in comparison with the HCA COVID-19 registry
cohort, donor serology levels were not included as a covariate. Explor-
atory analyses were performed as described in Results.

The day of the first CP transfusion was considered baseline (day
0) for the CP group. The comparison group was randomly assigned a
pseudo-baseline prior to matching that reflected distribution of the
time interval from admission to transfusion equal to that of the CP
group (Supplemental Methods).

Outcomes measures

All-cause in-hospital mortality (primary outcome). All patients were
required to have a discharge date to be included in analyses. Patient
vital status at time of discharge delineated censored from expired.
Start time for all analyses was defined by baseline, which was the first
CP transfusion date for the CP group and the assigned pseudo-base-
line for the comparison group (Supplemental Methods).

RTRM risk trajectory (secondary outcome). Daily mortality risk
scores were generated for all patients across the length of their hos-
pitalization using probabilities from our COVID-19 RTRM, which
incorporates hundreds of structured medical record features, such as
clinico-demographics, comorbidities, laboratory values, secondary
infections, complications, oxygenation details, and oxygen supple-
mentation (29). When using the daily RTRM probabilities as a lon-
gitudinal outcome measure of progression and/or recovery, we also
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included baseline RTRM probability as a matching variable. Medica-
tions were purposely excluded from the RTRM model to be evaluated
as covariates in comparative effectiveness studies such as this (Sup-
plemental Table 8).

Data sharing

The data that support the findings of this study are available upon
request from the corresponding author. The data are not publicly
available due to privacy restrictions. A limited data set could be made
available under a transfer agreement.

Statistics

Matching. All baseline patient characteristics were compared between
the CP and comparison groups using 2-tailed ¢ tests for continuous
variables and y? tests for categorical variables. To mitigate bias result-
ing from nonrandomized assignment of treatment, a coarsened exact
matching technique was used to match patients in the comparison
group to the CP group (34). The matching for the main analyses was
done based on patient age groupings, sex, race/ethnicity, significantly
different comorbidities, calendar epoch, intubation status at any time
during hospitalization (excluding those intubated within 48 hours of
admission), and baseline severity (WHO PS or RTRM probability in
0.10 increments; ref. 35). Details on calendar epochs are provided in
Supplemental Methods and Supplemental Table 9. Covariable imbal-
ance before and after matching was evaluated using the L, statistic.
Matching for all analyses was excellent, with all postmatching L, = O.
Postmatch data sets were generated specifically for each main and
subgroup analysis as described in Results (Figure 1).

The WHO PS is a modified 6-point scale, adapted from the WHO
R&D Blueprint Group to assess disease severity and measure clinical
improvement in hospitalized patients (Supplemental Table 10 and
refs. 29, 36). Patients were assigned a daily WHO PS based on their
most severe status that day.

Model fitting. All mortality analyses were examined for significant
contributions of facility effect using a shared frailty model in compar-
ison with a Cox proportional hazards regression model (37). Addition-
ally, the assumption of proportional hazards of a Cox proportional
hazards regression model was examined and, if violated, an AFT mod-
el was implemented to examine consistency of effects (38).

We conducted a generalized linear mixed model (GLMM)
approach for longitudinal data to examine trends in the daily RTRM
probabilities over length of stay (RTRM trajectories) as a surrogate
of progression/recovery. GLMM allowed for nesting of longitudinal
observations under each patient included in the data set. For RTRM
trajectories, all nesting parameters were examined for significant con-
tributions to the model. GLMM models included random intercepts
for patient-level RTRM trajectories and facility nesting.

Subgroup analyses. Additional analyses were performed to exam-
ine the association of CP with mortality depending on a patient’s dis-
ease severity. Intubation is representative of severe disease. To per-
form subgroup analyses on intubated versus nonintubated patients,
the cohorts were rematched to exclude intubation as a matching
variable so that the effect of intubation could be evaluated (Figure 1).
Patients were considered intubated if they had a record of intubation
prior to or on the day of transfusion or pseudo-baseline for the intuba-
tion subgroup analysis, but those intubated within the first 48 hours of
admission were excluded. Finally, we conducted exploratory analyses
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examining the association of days from admission to transfusion with
mortality specifically within the CP cohort. The initial model exam-
ined the days from admission to transfusion as a continuous variable
in relationship with mortality outcomes. Additionally, we stratified
the main RTRM sample into 2 different groups, O to 3 and 4 to 7 days,
to examine the association between CP and mortality within a given
transfusion window. We rematched each of these cohort transfusion
windows separately on baseline RTRM score, calendar epoch, intu-
bation during hospitalization (excluding intubations in first 48 hours
after admission), sex, age, and race/ethnicity.

General considerations. All analyses were performed using R, ver-
sion 3.6.3, with the following packages: cem, survival, coxme, and Ime4
(39). The pseudo-baseline assignment was conducted using an auto-
mated macro in SAS 9.4 (SAS Inc.; ref. 40). An « level of less than or
equal to 0.05 was considered significant for all models and analyses.

Study approval
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awaiver of informed consent.
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