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Abstract 

Background: Coronavirus disease 2019 (COVID-19) causes life-threatening pneumonia. Convalescent plasma ther-
apy (CPT) is expected to be the effective COVID-19 treatment for passive immunity. The high neutralizing antibodies 
titer of CPT is needed to prove the benefit in early developed severe COVID-19.

Objective: This case–control study evaluated transfusion efficacy and adverse events with high-titer (≥ 1:320) 
COVID-19 convalescent plasma compared with standard care alone in severe COVID-19 pneumonia.

Results: Among 107 severe COVID-19 patients, 55 received CPT plus standard care, and 52 received standard care 
alone. All-cause mortality was 15.3% in the CPT group compared with 85.4% in the standard care group (p < 0.001). 
Univariate and multivariate analyses revealed reduced mortality with CPT (HR 0.14; 95% CI 0.07–0.31; p < 0.001 and HR 
0.26; 95% CI 0.08–0.79; p = 0.018, respectively). CPT resulted in decreased use of mechanical ventilation, duration of 
supplemental oxygen, and high-flow oxygen requirement. Clinical and radiological outcomes improved.

Conclusions: Immediate high neutralizing antibody titer CPT is safe and reduces mortality in early developed severe 
COVID-19 patients. The benefit of CPT in the early course of illness is challenging and requires additional study.

Trial registration Thai clinical trials registry (TCTR) no. 20220101003.
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Introduction
The coronavirus disease 2019 (COVID-19) rapidly 
became a pandemic and caused life-threatening pneu-
monia, especially in patients with comorbidities. Many 
repurposed drugs were used and expected to cure the 
epidemic virus. COVID-19 spread rapidly in Thai-
land, which encountered the daily spreading of 23,418 

COVID-19 cases and 312 deaths per day from July 27, 
2021, to August 29, 2021 [1]. To date, treatments to cure 
or prevent COVID-19 are insufficient. The COVID-
19 convalescent plasma (CCP) transfusion has been 
reported to treat emerging and re-emerging infectious 
diseases such as MERS-CoV, SARS-CoV-1, and influenza 
virus in the past century [2–7]. COVID-19 convalescent 
plasma therapy (CPT) acts as passive immunization, and 
there are many reports of effective treatment of severe 
COVID-19.

A recent CPT study revealed that almost all patients 
had clinical improvement 7  days after CCP transfusion 
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[8]. However, a large randomized control trial (RCT) of 
11,558 patients failed to improve 28-day mortality with 
CPT compared with standard care. The PLACID trial 
revealed that CPT in hospitalized hypoxemic patients 
had no benefit in decreasing death or preventing deterio-
ration. A limitation of both studies included the low and 
varying CCP neutralizing antibody titer [9, 10]. The RCTs 
in severe COVID-19 showed high neutralizing antibodies 
titer CPT showed a favorable outcome [11]. The study in 
20,000 hospitalized US patients demonstrated safety and 
that CPT could reduce mortality if high-titer CCP were 
early transfused [12]. The incidence of serious adverse 
events in severe COVID-19 patients was < 1%. The 7-day 
mortality rate reported in a recent study was 14.9% [13]. 
The ongoing studies of CPT included post-exposure 
prophylaxis and a combination of CPT in severe and crit-
ical illnesses [14].

The role of CPT was controversial in severe illnesses, 
and some were concerned about antibody-dependent 
enhancement (ADE) [15]. The barrier to using CPT in 
hospitalized patients was the need for assays to meas-
ure high neutralizing antibodies titer CCP, which were 
not widely available during the pandemic. Neverthe-
less, high-titer CPT might offer a compelling treatment 
option, particularly in resource-limited countries with a 
shortage of drugs and resources, providing possibilities 
for treating new variants of concern [16, 17]. Our study 
aims to evaluate the efficacy of early high neutralizing 
antibody titer CPT for severe COVID-19 and the effect 
on mortality.

Material and methods
This retrospective case–control study revealed CPT 
in participants with severe COVID-19 at Prachathiput 
hospital, Pathum Thani province, Thailand, from June 
1 to September 30, 2021. The data of the patients were 
reviewed from medical records. The study protocol was 
registered in the Thai clinical trials registry (TCTR) no. 
20220101003 and was ethically reviewed and approved 
by the Chulabhorn Ethics Committee no. 205/2564.

Among 2668 RT-PCR confirmed SARS-CoV-2 infected 
cases, 107 severe COVID-19 patients were hospitalized 
and allocated by pragmatic, simple allocation to partici-
pating or usual care ward depending on available beds. 
The 55 patients were admitted to the participating ward 
and received adjunctive CPT to standard therapy, and 
52 were admitted to the usual cohort ward and received 
standard treatment alone (Fig. 1).

COVID‑19 convalescent plasma preparation
Convalescent-plasma-specific donors were selected from 
a 28-day recent SARS-CoV-2 PCR-confirmed infec-
tion. More than 50  kg of male donors were selected to 

complete the set amount of plasma volume ≥ 250  ml 
and no possibility of pregnancy, aged 18–60  years who 
recovered from respiratory tract infection symptoms 
and meet the criteria for plasma donation. A Micro-
neutralization assay was conducted at the faculty of 
sciences, Mahidol University, to assess neutralizing anti-
body titer. All recruited donors had neutralizing antibody 
titer ≥ 1:320, which is above the ≥ 1:160 Food and Drug 
Administration recommended that was correlated with 
anti-spike-RBD ELISA IgG titer is ≥ 1:1350 U/ml, which 
acceptable CCP with high titers of anti-SARS-CoV-2 
Antibodies [11, 18]. The eligibility of suitable donors was 
an assessment of the donor’s medical history in the past 
12 months, physical examination relevant to transfusion-
transmitted infection risk, and the interval of donating 
plasma not less than 8  weeks by plasmapheresis if the 
donor has donated a unit of whole blood or a single unit 
of red blood cells by apheresis. The human leukocyte 
antigen antibodies screening was done and interpreted 
with negative results. The CCP collection was performed 
by plasmapheresis and processed at the national blood 
center, Thai Red Cross Society. All CCP was screened for 
transfusion-transmitted infection, including HIV, hepati-
tis B and C, syphilis, and malaria, and was processed for 
pathogen inactivation and stored at− 20 °C for < 1 year.

Convalescent plasma therapy
The CCP with an ABO-type compatible blood group 
was transfused for the patients. The 250 and 300  ml 
of COVID-19 convalescent plasma were transfused 
to < 60  kg bodyweight recipients and ≥ 60  kg, respec-
tively. The infusion rate was within 2  h, and the rate 
adjustment depended on the patient’s status and risk for 
volume overload. During the transfusion until 1  h post 
CPT, the transfusion-related reaction and adverse events 
such as fever, chill, rash, anaphylaxis shock, or others 
were closely monitored and promptly treated.

Standard treatment
The standard treatment was based on Thailand’s national 
COVID-19 treatment guidelines [19]. The key recom-
mendations were to use 5–10  days of 3600  mg/day of 
favipiravir (an RNA-dependent RNA polymerase inhibi-
tor) on day 1. This is followed by favipiravir 1600 mg on 
days 2–10 in severe COVID-19 combined with 5 days of 
lopinavir 800 mg and ritonavir 200 mg with/without dex-
amethasone 6–20 mg/day and symptomatic treatment. In 
obese patients, the loading dose 4800 mg/day of favipira-
vir on day 1 followed by 2000 mg on days 2–10.

Criteria for CPT
The severe COVID-19 patients were defined as those 
who were > 17-year-old, PCR-confirmed COVID-19 



Page 3 of 9Nontawong et al. Ann Clin Microbiol Antimicrob           (2022) 21:51  

pneumonia with significant hypoxemia (oxygen satura-
tion (SpO2) < 94%). The severe COVID-19 patients were 
admitted to participating wards or the usual care ward 
during the study period according to bed availability. 
CPT was initiated as soon as the patient with severe 
COVID-19 was admitted to the participating ward 
within 2  days. The repeated second dose of CCP was 
transfused within 1–3 days after the first dose, followed 
by an evaluation of the patient’s World Health Organi-
zation (WHO) clinical progression scale (increase ≥ 2 
from baseline).

Main outcomes and measures
The primary objective was the 14-day all-cause mortality 
from severe COVID-19 patients in the hazard ratio (HR). 
The other objective was oxygen supplement, the adverse 
events or transfusion reaction, and the WHO clinical 
progression scale.

Patient consent statement
All severe COVID-19 patients were informed about the 
treatment, and all patients had written the consent forms 
before admission to receive all treatment options that 

Fig. 1 Flow chart of severe COVID-19 enrollment and allocation
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might benefit all severe COVID-19 patients in addition to 
a standard of care during the outbreak. No specific con-
valescent plasma consent was required and approved by 
the Ethics Committee for Human Research, Chulabhorn 
Research Institute (EC No.205/2564).

Statistical analysis
Descriptive statistics in frequency and proportion were 
used in categorical variables. The continuous variables 
were analyzed and presented in median and interquar-
tile ranges (IQR). The Mann–Whitney U test was used 
to compare continuous variables. Pearson χ2 and Fish-
er’s exact tests were used to comparing discrete vari-
ables. Time-to-event data were demonstrated using the 
Kaplan–Meier curve. The difference between Kaplan–
Meier curves was tested with the log-rank test. HRs were 
calculated using Cox proportional hazard regression 
for the primary endpoint of the HR. The univariate and 
multivariate analyzed the contributing factors for death. 
Statistical analyses were performed with STATA/SE 16.1. 
Statistical significance was defined using a 2-sided signif-
icance level of α = 0.05.

Results
Clinical outcomes
Among 107 severe COVID-19 patients, 52 (48.5%) 
received CPT, and 55 (51.4%) received standard care. The 
median age was 61 and 77 years in the CPT and stand-
ard care groups, respectively (p < 0.001). Comorbidities 
were present in 82.69% of the CPT group and 69.23% of 
the standard care group (p = 0.108). The most common 
comorbidities in both groups were hypertension, diabe-
tes, obesity, and chronic kidney disease. There was no 
difference in duration from the onset of symptoms to 
admission (5.5 days versus 4 days in the CPT and stand-
ard care group, respectively; p = 0.067). However, initial 
oxygen saturation was lower in the CPT group than in 
the standard care group (p = 0.007). There was no dif-
ference in duration of < 20 mg dexamethasone treatment 
between groups (p = 0.507). Duration of RdRp inhibitor 
treatment from the onset of symptoms was longer in the 
CPT group compared with standard care (10 days [IQR 
5–10] and 5.5  days [IQR 1–10], respectively; p = 0.016). 
Duration from the admission day to critical illness in the 
CPT group was 5 days, which was longer than the stand-
ard care group, which was almost all critical illness on the 
admission date (p < 0.001) (Table 1).

Although the duration from the onset of symptoms 
to the admission day in the CPT group was no differ-
ent from the standard care group (5.5  days [IQR 3–8] 
versus 4 days [IQR 2–7]; p < 0.067), the study’s primary 
outcome indicated 14- and 28-day all-cause mortality of 

15.38% in the CPT group, which was significantly lower 
than 85.45% in the standard care group (P < 0.001). 
(Table 2).

In the survival analysis, the median survival time in 
the standard care group was day 7 after the onset of 
symptoms. While the survival rate in the CPT group 
was 85%, statistically significantly higher than the 15% 
in the standard care group (P < 0.001) on day 14 after 
admission. (Fig. 2). The length of stay was prolonged in 
the CPT group than in the standard care group (10 days 
[IQR 3–21] versus 7 days IQR [1–56]).

The duration of supplemental oxygen was 5 days (IQR 
4–9) in the CPT group and 15  days (IQR 9.5–18) in 
the standard care group (p < 0.001). Successful oxygen 
weaning was achieved in 84.6% and 14.5% of patients 
in the CPT and standard care groups, respectively 
(p < 0.001). There was no difference in mechanical ven-
tilation use between groups—more patients required 
high-flow oxygen therapy in the standard care group. 
The oxygen saturation after successful weaning of sup-
plemental oxygen was 96% (IQR 96–99) in the CPT 
group and 89.5% (IQR 73–98) in the standard care 
group (p < 0.001).

No WHO clinical progression scale (score < 4) improve-
ment was observed in the standard care group. While 
there was 11.54% (p = 0.027) and 44.23% in the CPT 
group, the WHO clinical progression scale was < 4 on 
day 5 and day 8 (p < 0.001) after admission, respectively. 
Moreover, the WHO clinical progression scale < 4 on day 
14 after admission was 73.08% in the CPT group and 
7.27% in the control group (p < 0.001). The CPT group 
showed more significant improvement in chest X-rays 
on day 7 of admission than the standard care group. 
(Table 2).

Cox-regression multivariate analysis revealed that 
patient age was related to increasing mortality (HR 1.06; 
95% confidence interval [CI] 1.02–1.10; p = 0.003), and 
administration of CPT was related to decreasing mortal-
ity (HR 0.26; 95% CI 0.08–0.79; p = 0.018). However, the 
univariate analysis demonstrated that age, day of start-
ing dexamethasone, favipiravir treatment, and receiving 
CPT were all associated with mortality with a HR of 1.03 
(95% CI 1.01–1.05; p = 0.001), 0.87 (95% CI 0.78–0.97; 
p = 0.012), 0.79 (95% CI 0.70–0.90; p < 0.001) and 0.14 
(95% CI 0.07–0.31; p < 0.001), respectively. (Table 3).

Adverse events
One patient in the CPT group had a transfusion-related 
reaction. Maculopapular rash occurred within 1  h after 
CCP transfusion. The rash fully resolved after stopping 
the CCP transfusion. No serious adverse events were 
observed in the study.
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Discussion
The real-world observational study demonstrated the 
advantages of high-neutralizing antibody titer (> 1:320) 
convalescent plasma therapy for severe COVID-19. Com-
pared with standard care, there was lower all-cause mor-
tality (15%) in the CPT arm with a low HR by univariate 
and multivariate analysis. Survival analysis showed that 
CPT resulted in a significantly higher survival rate than 
standard care. The median survival time with standard 
care was 7 days after admission. Nevertheless, the stand-
ard of care group tended to have lower oxygen saturation 
on admission and more elderly patients than the CPT-
treated group.

Our study demonstrated that high titer (> 1:320) CPT 
reduced 14- and 28-day mortality from severe COVID-
19, reducing the duration of supplemental oxygen and 
decreasing high-flow oxygen requirements. The CPT 
group improved the WHO clinical progression scale on 

day 5 and the radiologic parameter on day 7. A recent 
study showed high-titer (1:80–1:320) CCP transfused 
within 3 days of COVID-19 diagnosis related to decreas-
ing mechanical ventilation and mortality [2, 20, 21]. Simi-
larly, an RCT showed a 57% reduction in mortality rate 
with high-titer (> 1:160) CPT (13%) compared with con-
trol (25%) (odds ratio 0.43; p < 0.001) [16]. Our findings 
correlated with the recent study that demonstrated the 
relationship between reduced mortality and early trans-
fusion time, and high antibody CPT provided favorable 
efficacy in hospitalized patients’ treatment [20, 21].

In contrast, the CONCOR-1 study did not show a 
benefit of CCP in reducing mortality, intensive care 
unit admission, length of stay, or risk of endotracheal 
intubation. The RECAP-MAP study did not demon-
strate that CPT was associated with a difference in 
mortality and the number of organ-support-free days 
compared with usual care. However, the PRNT50 titer 

Table 1 Baseline Characteristics

a Chi-square test
b Mann-Whitney U test
c Independent t-test
d Fisher’s exact test

BMI body mass index, CPT convalescent plasma therapy, IQR interquartile range, RdRp RNA-dependent RNA polymerase, SpO2 oxygen saturation

Variable CPT [n = 52; n (%)] Standard Care [n = 55; n (%)] P‑value

Sex 0.482a

Male 22 (42.31) 27 (49.09)

Female 30 (57.69) 28 (50.91)

Age in years, median (IQR) 61 (45–66.5) 71 (61–77)  < 0.001b

BMI in kg/m2, median (IQR) 26.67 (23.53–31.63) 25.63 (22.04–29.52) 0.257c

 < 31 24 (60.00) 38 (80.85) 0.106d

31–35 10 (25.00) 6 (12.77)

 > 35 6 (15.00) 3 (6.38)

Comorbidity 43 (82.69) 36 (69.23) 0.108a

Hypertension 29 (55.77) 32 (61.54) 0.550a

Diabetes Mellitus 25 (48.08) 21 (40.38) 0.430a

Cerebrovascular disease 1 (1.92) 1 (1.92) 1.000d

Chronic kidney disease 5 (9.62) 10 (19.23) 0.163a

End stage renal disease 1 (1.92) 1 (1.92) 1.000d

Cancer 1 (1.92) 1 (1.92) 1.000d

Ischemic Heart Disease 1 (1.92) 6 (11.54) 0.112d

Others 3 (5.76) 2 (3.64) 0.679b

Duration from the onset of symptoms to the admission day (days), median (IQR) 5.5 (0–19) 4 (0–16) 0.067b

Receiving dexamethasone 52/52 (100%) 55/55 (100%) 1.000

Receiving RdRp inhibitor treatment 52/52 (100%) 55/55 (100%) 1.000

Day of dexamethasone treatment, median (IQR) 8 (0–14) 6 (1–20) 0.507c

Day of RdRp inhibitors treatment, median (IQR) 10 (5–10) 5.5 (1–10) 0.016c

Day of CPT after the onset of symptoms, median (IQR) 9 (6–13) 0 –

Day of CPT after admission, median (IQR) 2 (1–3) 0 –

The lowest  SpO2 from admission to deterioration, median (IQR) 91 (68–95) 87 (15–95) 0.007b

Duration from the day of admission to critical illness (days), median (IQR) 5 (0–19) 0 (0–13)  < 0.001b
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Table 2 Clinical Outcomes of COVID-19 Convalescent Plasma Therapy Versus Standard Care

a Chi-square test
b Mann-Whitney U test
c Fisher’s exact test

CPT convalescent plasma therapy, SpO2 oxygen saturation, IQR interquartile range, WHO World Health Organization

Variable CPT (n = 52) Standard Care (n = 55) P‑value

14-day all-cause mortality, n (%) 8 (15.38) 47 (85.45)  < 0.001a

14-day severe COVID-19 death, n (%) 7 (13.46) 47 (85.45)  < 0.001a

28-day all-cause mortality, n (%) 8 (15.38) 47 (85.45)  < 0.001a

28-day severe COVID-19 death, n (%) 7 (13.46) 47 (85.45)  < 0.001a

Duration of supplemental oxygen (days); median (IQR) 5 (4–9) 15 (9.5–18)  < 0.001b

Receiving mechanical ventilation, n (%) 44/52 (84.61) 47/55 (85.45) 0.903a

Receiving high flow nasal cannula, n (%) 16/52 (30.77) 27/55 (49.08) 0.053a

High-flow oxygen therapy; mask with bag, n (%) 11/52 (21.15) 39/55 (70.91)  < 0.001a

Low-flow oxygen cannula, n (%) 21/52 (40.38) 21/55 (38.18) 0.816a

Length of stay (Days); median (IQR) 10 (3–21) 7 (1–56)  < 0.001b

WHO clinical progression scale < 4 on day 3 after admission 1 (1.92) 0 (0) 0.486c

WHO clinical progression scale < 4 on day 5 after admission 6 (11.54) 0 (0) 0.027c

WHO clinical progression scale < 4 on day 8 after admission 23 (44.23) 0 (0)  < 0.001a

WHO clinical progression scale < 4 on day 14 after admission 38 (73.08) 2 (7.27)  < 0.001a

Improvement of pneumonia from chest radiography on day 7 26/52 (50) 0/55 (0)  < 0.001a

SpO2 after weaning of supplemental oxygen n (%) 96 (96–99) 89.5 (73–98)  < 0.001a

Number of patients success in weaning oxygen support 44/52 (84.6) 8/55 (14.5)  < 0.001a

Fig. 2 Survival curve of COVID-19 convalescent plasma therapy compared with standard treatment group
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of CCP transfused in the CONCOR-1, RECAP-MAP 
study was only 160 IQR (80, 320) and ≥ 1:160, respec-
tively, lower than our study. [22, 23].

Even though the data from the RECOVERY trial 
showed 1:300 titer of CPT could not show a discrep-
ancy in mortality from the standard of care. 29.4% of 
CPT patients were hospitalized in the critical care unit 
on admission day. This might imply that more severe 
cases and prolonged symptoms before CCP transfusion 
(8  days) might have affected the mortality and clinical 
outcomes compared with the duration of symptoms 
before transfused CCP in our study (5.5  days) [11]. 
However, our study could not show that CPT reduced 
overall oxygen supplemental, including low or high-
flow oxygen, invasive mechanical ventilation, or extra-
corporeal membrane oxygenation at 28  days like a 
recent multicenter study [24].

However, a recent RCT failed to show a difference 
between CPT and usual care; low neutralizing antibod-
ies of CCP might not be effective enough to demon-
strate benefit in reducing mortality [9, 10]. In a study 
in patients with COVID-19-related symptoms for 
10 days and classified as moderate, severe, and critical, 
the PRNT50 titer of CCP was 160 (IQR 80–640) and 
did not demonstrate an advantage in survival improve-
ment, course of illnesses, or viral clearance [25]. The 
challenge of high-titer CPT early in the course of the 
disease remains an interesting issue.

A study in the Netherlands revealed that mortality 
with CPT with neutralizing antibody titer ≥ 1:80 was 
non-statistically significantly lower than usual care, 

which might have been because of the low-titer CPT 
[26].

Another study demonstrated that high-titer neutral-
izing antibody CPT demonstrated equivocal results in 
the rate of supplemental oxygen from baseline charac-
teristics of severe COVID-19 patients, which did not 
correlate with very low supplemental oxygen require-
ment in the primary outcome [11]. A study in a respira-
tory care unit (RCU) revealed that CCP from donors 
with a high immunoglobulin G antibody titer level had 
more favorable outcomes than those with a low titer 
[27]. The study in severely ill patients transfused with 
mainly high neutralizing antibody titers of 1:640 within 
3  days after COVID-19 was diagnosed led to success-
ful weaning from oxygenation support after CPT within 
3  days. Moreover, the radiologic improvement was 
demonstrated within 7  days. CPT within 14  days pro-
vides more favorable outcomes than after 14  days [28, 
29].

Our study highlighted the benefit of higher neutraliz-
ing antibody level CPT in those with a shorter duration 
from onset of symptoms and earlier developed severe 
COVID-19 than other studies.

In our study, 15.3% of patients receiving CPT died 
from severe COVID-19 at 14 and 28-day, and one died 
from severe COVID-19 pneumonia with gastrointesti-
nal bleeding and hyperglycemia. Almost all death cases 
from severe COVID-19 had delayed receiving CPT 
after 5  days of admission due to the physician wait-
ing for RdRp inhibitor effect and had ≥ 2 comorbidi-
ties such as elderly, uncontrolled diabetes, and obesity. 

Table 3 Cox-regression Univariate and Multivariate Analysis of Factors Affecting Mortality Rate in the CPT Group

BMI body mass index, CI confidence interval, CPT convalescent plasma therapy, HR hazard ratio, Ref reference group

Variable Univariate Multivariate

HR 95%CI P‑value HR 95%CI P‑value

Sex

 Male 1.21 0.68–2.16 0.508 – – –

 Female Ref

 Age 1.03 1.01–1.05 0.001 1.06 1.02–1.10 0.003

 BMI (kg/m2) 0.99 0.94–1.03 0.497 – – –

Underlying disease

 Hypertension 1.22 0.67–2.23 0.506 – – –

 Diabetes mellitus 0.67 0.36–1.22 0.187 – – –

 Chronic kidney disease 1.34 0.65–2.80 0.426 – – –

 Obesity 0.95 0.37–2.41 0.908 – – –

 Day of starting dexamethasone 
treatment

0.87 0.78–0.97 0.012 0.66 0.48–0.91 0.11

 Day from onset of symptoms to 
starting favipiravir

0.79 0.70–0.90  < 0.001 1.11 0.80–1.54 0.548

 Receiving CPT 0.14 0.07–0.31  < 0.001 0.26 0.08–0.79 0.018
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Other CPT studies have demonstrated that early CPT 
within 3  days after hypoxemia results in the greatest 
advantage.

According to many studies and meta-analyses, CPT 
might be an unsuitable treatment in late severe or criti-
cal COVID-19 owing to the pathophysiology that neu-
tralizing antibodies might protect the SARS-CoV-2 from 
invading respiratory epithelial in early-stage of SARS-
COV-2 infection [30].

The extended length of stay in the CCP receiving 
group (10  days) reflected the rapid deterioration, early 
death, and shortening stay in the standard of care group 
(7 days). The study in Mexico reported a prolonged stay 
of 22.5  days after CCP transfusion, in contrast to the 
10 days in our study: the shorter stay might suggest the 
benefit of CPT in early developed severe COVID-19 [31]. 
Interestingly, although the invasive mechanical ventila-
tion receiving rate was 85% in both groups, the success-
ful weaning oxygenation support was 84.6% in the CPT 
group, much more than 14.5% in the control group. 
Moreover, Almost all CPT patients had clinical improve-
ment within 7 days after CCP transfusion.

Our study supported the favorable CPT evidence in 
COVID-19, especially in those who earlier developed 
severe COVID-19. The CPT within 9  days after admis-
sion showed a benefit of 3.4% absolute risk reduction for 
individuals with risk factors for disease progression or 
vaccination status. The outpatient study demonstrated 
that early CPT reduced disease progression risk, lead-
ing to hospitalization [32]. Although the potential benefit 
of early high-titer CPT in mildly ill older adults demon-
strated reduced deterioration to severe COVID-19, our 
data supported the benefit of CPT in a study in older 
adults and individuals with severe COVID-19 with or 
without comorbidities [33].

Although some CPT studies report cases of anaphylac-
tic shock [28], our study demonstrated no serious adverse 
events, transfusion-related acute lung injury, or transfu-
sion-associated circulatory overload. One patient devel-
oped a transfusion-related minor allergic reaction, which 
spontaneously recovered.

The limitation of our study is the real-world retrospec-
tive observational study in nature. The CPT and standard 
care groups were cared for by different groups of clini-
cians, albeit concurrently, during the Delta variant epi-
demic in Thailand. The lack of declared immunization 
status in both donor and recipient, previous SARS-CoV-2 
infection, previous treatment or inadequate treatment 
data before admission, the patients’ immunogenic-
ity, or neutralizing antibodies testing to spike protein of 
SARS-CoV-2 in our study might influence the interpret-
ing of the clinical outcomes from CPT. All patients who 
received RdRp inhibitor due to Thai standard treatment 

guidelines might affect the outcome. Resource limitations 
characteristic of a community hospital setting meant that 
essential biomarkers such as high-sensitivity C-reactive 
protein or ferritin to detect clinical deterioration were 
unavailable. However, hypoxemia in severe COVID-19 
indicated deterioration and reflects worsening severity. 
The lack of virologic and immunologic studies is also a 
limitation of our study.

Conclusions
The immediate high neutralizing antibodies titer of CPT 
transfused in earlier developed severe COVID-19 diag-
nosis was safe and related to decreasing death. Moreover, 
the CPT reduced the duration of supplemental oxy-
gen and improved clinical and radiologic improvement. 
The factors that improved the clinical outcome in CPT 
included early CCP transfusion, short duration from 
onset of symptoms, and high neutralizing antibodies titer 
of CCP. Factors associated with clinical improvement 
with CPT included early CCP transfusion and a high neu-
tralizing antibody titer. CPT may provide an option for 
the early treatment of newly developed severe COVID-
19, especially in resource-limited countries where novel 
treatments are difficult to access. CPT might be hopeful 
agents to combat new VOCs. The CCP transfused in the 
early course of COVID-19 illness is very challenging and 
needs additional study.

Acknowledgements
We thank all healthcare providers who work in the frontline at Acute Respira-
tory Tract Infection clinic, COVID-19 outpatient clinic, and cohort wards for 
supporting and providing this study’s clinical data. All authors thank and 
extend the deepest sympathies and condolences to the victims and their 
families. We thank the Center of Excellence in Clinical Virology, Department of 
Pediatrics, Faculty of Medicine, Chulalongkorn University Bangkok, Thailand, 
for the expert consultant, analyzed neutralizing antibodies, and National Blood 
Center for providing CCP in the study. We thank Helen Roberton from Edanz 
(https:// www. edanz. com/ ac) for editing a draft of this manuscript

Author contributions
“Conceptualization: NN, TS, Methodology: NN, TS; Formal analysis and 
investigation: NN, TS; KT, MB, NK, CB, KS, Writing—original draft preparation: 
NN, Writing—review and editing: TS Funding acquisition: KT; Resources: NM, 
Supervision: TS, YP, NM”. All authors read and approved the final manuscript.

Funding
This work was supported by Chulabhorn Royal Academy, Bangkok, Thailand.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee for Human Research, 
Chulabhorn Research Institute (EC No.205/2564). All severe COVID-19 patients 
were informed about the treatment, and all patients had written the consent 
forms before admission to receive all treatment options that might benefit 
all severe COVID-19 patients in addition to a standard of care during the 
outbreak. Specific convalescent plasma consent was not applicable. Our study 

https://www.edanz.com/ac


Page 9 of 9Nontawong et al. Ann Clin Microbiol Antimicrob           (2022) 21:51  

was performed in accordance with the Helsinki Declaration of 1964 and its 
later amendments. Consent for publication was not applicable.

Competing interests
The authors declare that they have no financial and non-financial competing 
interests.

Author details
1 Department of Medicine, Prachathiput Hospital, Pathum Thani, Thailand. 
2 Division of Infectious Diseases, Department of Medicine, Chulabhorn 
Hospital, Chulabhorn Royal Academy, Bangkok, Thailand. 3 Princess Srisa-
vangavadhana College of Medicine, Chulabhorn Royal Academy, Bangkok, 
Thailand. 4 Naungsau Hospital, Pathum Thani, Thailand. 5 Center of Learning 
and Research in Celebration of HRH Princess Chulabhorn 60th Birthday Anni-
versary, Chulabhorn Royal Academy, Bangkok, Thailand. 6 Center of Excellence 
in Clinical Virology, Department of Pediatrics, Faculty of Medicine, Chulalong-
korn University, Bangkok, Thailand. 7 Chulabhorn Hospital, Chulabhorn Royal 
Academy, Bangkok, Thailand. 

Received: 19 August 2022   Accepted: 8 November 2022

References
 1. COVID-19 Coronavirus Pandemic: Wordometer; 2021 [Available from: 

https:// www. world omete rs. info/.
 2. Joyner MJ, Carter RE, Senefeld JW, Klassen SA, Mills JR, Johnson PW, et al. 

Convalescent plasma antibody levels and the risk of death from Covid-19. 
N Engl J Med. 2021;384(11):1015–27.

 3. Luke TC, Casadevall A, Watowich SJ, Hoffman SL, Beigel JH, Burgess TH. 
Hark back: passive immunotherapy for influenza and other serious infec-
tions. Crit Care Med. 2010;38:e66–73.

 4. Casadevall A, Scharff MD. Serum therapy revisited: animal models of 
infection and development of passive antibody therapy. Antimicrob 
Agents Chemother. 1994;38(8):1695–702.

 5. Luke TC, Kilbane EM, Jackson JL, Hoffman SL. Meta-analysis: convalescent 
blood products for Spanish influenza pneumonia: a future H5N1 treat-
ment? Ann Intern Med. 2006;145(8):599–609.

 6. Hung IF, To KK, Lee C-K, Lee K-L, Chan K, Yan W-W, et al. Convalescent 
plasma treatment reduced mortality in patients with severe pandemic 
influenza A (H1N1) 2009 virus infection. Clin Infect Dis. 2011;52(4):447–56.

 7. Li L, Zhang W, Hu Y, Tong X, Zheng S, Yang J, et al. Effect of convales-
cent plasma therapy on time to clinical improvement in patients with 
severe and life-threatening COVID-19: a randomized clinical trial. JAMA. 
2020;324(5):460–70.

 8. Salazar E, Perez KK, Ashraf M, Chen J, Castillo B, Christensen PA, et al. Treat-
ment of coronavirus disease 2019 (COVID-19) patients with convalescent 
plasma. Am J Pathol. 2020;190(8):1680–90.

 9. Dhasmana DJ. Convalescent plasma in patients admitted to hospital with 
COVID-19 (RECOVERY): a randomised controlled, open-label, platform 
trial. Lancet. 2021. https:// doi. org/ 10. 1016/ S0140- 6736(21) 00897-7.

 10. Agarwal A, Mukherjee A, Kumar G, Chatterjee P, Bhatnagar T, Malhotra P. 
Convalescent plasma in the management of moderate covid-19 in adults 
in India: open label phase II multicentre randomised controlled trial 
(PLACID Trial). BMJ. 2020;371: m3939.

 11. Simonovich VA, Burgos Pratx LD, Scibona P, Beruto MV, Vallone MG, 
Vázquez C, et al. A randomized trial of convalescent plasma in Covid-19 
severe pneumonia. N Engl J Med. 2021;384(7):619–29.

 12. Joyner MJ, Bruno KA, Klassen SA, Kunze KL, Johnson PW, Lesser ER, et al., 
editors. Safety update: COVID-19 convalescent plasma in 20,000 hospital-
ized patients. Mayo Clinic Proceedings 2020 Elsevier.

 13. Joyner MJ, Wright RS, Fairweather D, Senefeld JW, Bruno KA, Klassen SA, 
et al. Early safety indicators of COVID-19 convalescent plasma in 5000 
patients. J Clin Investig. 2020. https:// doi. org/ 10. 1172/ JCI14 0200.

 14. Bloch EM, Shoham S, Casadevall A, Sachais BS, Shaz B, Winters JL, et al. 
Deployment of convalescent plasma for the prevention and treatment of 
COVID-19. J Clin Investig. 2020;130(6):2757–65.

 15. Casadevall A, Scharff MD. Return to the past: the case for antibody-based 
therapies in infectious diseases. Clin Infect Dis. 1995;21(1):150–61.

 16. Joyner MJ, Klassen SA, Senefeld J, Johnson PW, Carter RE, Wiggins CC, 
et al. Evidence favouring the efficacy of convalescent plasma for COVID-
19 therapy. medRxiv. 2020. https:// doi. org/ 10. 1101/ 2020. 07. 29. 20162 917.

 17. Casadevall A, Pirofski a-L. The convalescent sera option for containing 
COVID-19. J Clin Investig. 2020;130(4):1545–8.

 18. Bhimraj A, Morgan RL, Shumaker AH, Lavergne V, Baden L, Cheng VC, 
et al. Infectious diseases society of america guidelines on the treat-
ment and management of patients with COVID-19. Clin Infect Dis. 2020. 
https:// doi. org/ 10. 1093/ cid/ ciaa4 78.

 19. Department of Medical Sciences, Clinical Practice Guideline of Diagnosis, 
Treatment and Prevention of Coronavirus disease 2019 (COVID-19) for 
Health care Providers 6 May 2021, Ministry of Public Health. https:// ddc. 
moph. go. th/ viral pneum onia/ eng/ index. php. Accessed 30 May 2021.

 20. Joyner MJ, Senefeld JW, Klassen SA, Mills JR, Johnson PW, Theel ES, et al. 
Effect of convalescent plasma on mortality among hospitalized patients 
with COVID-19: initial three-month experience. Medrxiv. 2020. https:// doi. 
org/ 10. 1101/ 2020. 08. 12. 20169 359v1.

 21. O’Donnell MR, Grinsztejn B, Cummings MJ, Justman JE, Lamb MR, Eck-
hardt CM, et al. A randomized double-blind controlled trial of convales-
cent plasma in adults with severe COVID-19. J Clin Invest. 2021. https:// 
doi. org/ 10. 1172/ JCI15 0646.

 22. Estcourt LJ, Turgeon AF, McQuilten ZK, McVerry BJ, Al-Beidh F, Annane 
D, et al. Effect of convalescent plasma on organ support-free days in 
critically Ill patients with COVID-19: a randomized clinical trial. JAMA. 
2021;326(17):1690–702.

 23. Bégin P, Callum J, Jamula E, Cook R, Heddle NM, Tinmouth A, et al. Con-
valescent plasma for hospitalized patients with COVID-19: an open-label, 
randomized controlled trial. Nat Med. 2021;27(11):2012–24.

 24. Avendaño-Solá C, Ramos-Martínez A, Muñez-Rubio E, Ruiz-Antorán B, de 
MolinaMalo R, Torres F, et al. A multicenter randomized open-label clinical 
trial for convalescent plasma in patients hospitalized with COVID-19 
pneumonia. J Clin Invest. 2021. https:// doi. org/ 10. 1172/ JCI15 2740.

 25. Gharbharan A, Jordans CCE, GeurtsvanKessel C, den Hollander JG, Karim 
F, Mollema FPN, et al. Effects of potent neutralizing antibodies from con-
valescent plasma in patients hospitalized for severe SARS-CoV-2 infection. 
Nat Commun. 2021;12(1):3189.

 26. Villa CH. Clinical Memorandum: COVID-19 Convalescent Plasma. US Food 
& Drug Administration (FDA) 2021:3–11. https:// www. fda. gov/ media/ 
141480/ downl oad.

 27. Rasheed AM, Ftak DF, Hashim HA, Maulood MF, Kabah KK, Almusawi YA, 
et al. The therapeutic effectiveness of Convalescent plasma therapy on 
treating COVID-19 patients residing in respiratory care units in hospitals 
in Baghdad, Iraq. medRxiv. 2020;28(3):357.

 28. Cheng Y, Wong R, Soo Y, Wong W, Lee C, Ng M, et al. Use of convalescent 
plasma therapy in SARS patients in Hong Kong. Eur J Clin Microbiol Infect 
Dis. 2005;24(1):44–6.

 29. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in adults 
with severe COVID-19: a randomised, double-blind, placebo-controlled, 
multicentre trial. The lancet. 2020;395(10236):1569–78.

 30. Liu ST, Lin H-M, Baine I, Wajnberg A, Gumprecht JP, Rahman F, et al. 
Convalescent plasma treatment of severe COVID-19: a propensity score–
matched control study. Nat Med. 2020;26(11):1708–13.

 31. Martinez-Resendez MF, Castilleja-Leal F, Torres-Quintanilla A, Rojas-Mar-
tinez A, Garcia-Rivas G, Ortiz-Lopez R, et al. Initial experience in Mexico 
with convalescent plasma in COVID-19 patients with severe respiratory 
failure, a retrospective case series. medRxiv. 2020. https:// doi. org/ 10. 
1101/ 2020. 07. 14. 20144 469v1.

 32. Sullivan DJ, Gebo KA, Shoham S, Bloch EM, Lau B, Shenoy AG, et al. Early 
outpatient treatment for Covid-19 with convalescent plasma. N Engl J 
Med. 2022. https:// doi. org/ 10. 1056/ NEJMo a2119 657.

 33. Libster R, Pérez Marc G, Wappner D, Coviello S, Bianchi A, Braem V, et al. 
Early high-titer plasma therapy to prevent severe Covid-19 in older adults. 
N Engl J Med. 2021;384(7):610–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.worldometers.info/
https://doi.org/10.1016/S0140-6736(21)00897-7
https://doi.org/10.1172/JCI140200
https://doi.org/10.1101/2020.07.29.20162917
https://doi.org/10.1093/cid/ciaa478
https://ddc.moph.go.th/viralpneumonia/eng/index.php
https://ddc.moph.go.th/viralpneumonia/eng/index.php
https://doi.org/10.1101/2020.08.12.20169359v1
https://doi.org/10.1101/2020.08.12.20169359v1
https://doi.org/10.1172/JCI150646
https://doi.org/10.1172/JCI150646
https://doi.org/10.1172/JCI152740
https://www.fda.gov/media/141480/download
https://www.fda.gov/media/141480/download
https://doi.org/10.1101/2020.07.14.20144469v1
https://doi.org/10.1101/2020.07.14.20144469v1
https://doi.org/10.1056/NEJMoa2119657

	The clinical outcomes of high neutralizing antibodies titer convalescent plasma therapy in early developed severe COVID-19 patients; a case–control study
	Abstract 
	Background: 
	Objective: 
	Results: 
	Conclusions: 

	Introduction
	Material and methods
	COVID-19 convalescent plasma preparation
	Convalescent plasma therapy
	Standard treatment
	Criteria for CPT
	Main outcomes and measures
	Patient consent statement
	Statistical analysis

	Results
	Clinical outcomes
	Adverse events

	Discussion
	Conclusions
	Acknowledgements
	References




