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Abstract

Background: We studied clinical, laboratory parameters and total antibody against SARS-CoV-2 among COVID-19 convalescent
plasma donors.

Methods: We analyzed 302 serum specimens from 1335 candidates recovered from confirmed COVID-19 infection. Their clinical
characteristics: symptoms, age, sex, body mass index, blood group, blood pressure, glycaemic status and renal function were related
with SARS-CoV-2 total antibody level; it was measured twice with 4 weeks apart with the use of E411 Fully Automated Immuno
Analyzer.

Findings: There was no relation between SARS-CoV-2 total antibody level with symptoms, age, sex and blood group, high blood
pressure and diabetes mellitus. The percentage distribution of high total antibody level was significantly higher in candidates with
blood group “Non-0" group (77.9%) than blood group “0” group (22.1%). (p= 0.03) Adequate total antibody level was detected
in 22.9% in underweight group, 28.7% in normal BMI group, 45.5% in overweight group and 50% in obese group. There was
positive relationship between BMI and adequate total antibody level (p = <0.001). Mean antibody level of participants with raised
serum creatinine was 16.82 + 15.28 COI; it was nearly half of those with normal renal function (33.58 + 32.6 COI). Antibody levels
measured at 70 days (mean=87.27 + 25.96 COI) was significantly higher than that of 42 days (mean= 56.19 + 20.23 COI).

Conclusion: The best predictor for adequate total antibody against SARS-CoV-2 were those candidates with normal or high BMI
status, “non-0" blood group and normal serum creatinine; the plasma should be collected at 70 days symptom onset after COVID-19
infection.

Copyright © All rights are reserved by Khin Phyu Pyar.
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Introduction

Plasma from people recovering from infection: bacteria, viral or
protozoa, may have pathogen specific antibodies which may fight to
the same pathogen if they are given to patients with same disease.
This concept has been applied since 1890; West Nile virus [1], Ebola
virus [2] Spanish flu, influenza, measles, pertussis and diptheria,
especially before the adventure of vaccine or antimicrobial therapy
[3]- No one cannot deny the fact that many lives were saved with
the help of plasma especially in pandemic diseases. However, the
exact timing after infection for the maximum antibody level was
described vaguely as 6 weeks to 10 weeks. Moreover, the clinical
predictors to get high antibody level were mentioned in different
report with some controversies. In COVID-19 pandemic, plasma
from convalescent patients was tried as one of therapeutic options;
US Food and Drugs Administration authorized its emergency use
for hospital patients with covid-19 in August 2020 [4,5]. Antibodies
against SARS-CoV-2 are produced naturally from subjects who
acquired COVID-19 infection and the level is maximum at 4-6
weeks after infection [6,7]. These antibodies will promote recovery
in patients with severe COVID-19 infection. Measuring antibody
level in all cases with COVID-19 infection is expensive; it is not
easy especially in developing country. Moreover, the relationship
between clinical characteristics and antibody response to COVID-19
is not clearly defined and some issues are controversy. Therefore,
finding the relation between clinical characteristics: symptoms, age,
sex, body mass index, hypertension, diabetes mellitus, blood group
and serum creatinine, and the antibody level against SARS-CoV-2
among COVID-19 convalescent plasma donor candidates would be
useful for selection of donor for convalescent plasma in the future.
Moreover, the timing for collection of plasma to get the best total Ab
level; 42 days or 70 days was also important for therapeutic aspect
of convalescent plasma therapy.

Research Procedure

This study aimed to find out the relation between clinical
characteristics: age, sex, body mass index, hypertension, diabetes
mellitus, anaemia, blood group, serum creatinine, and the antibody
level against SARS-CoV-2 among COVID-19 convalescent plasma
donor candidates; therefore, we could choose the best clinical and
laboratory predictors. We recruited COVID-19 confirmed patients
from various military COVID treatment centers and quarantine
centers: Defence Services Liver Hospital, Indaing Hospital & Navy
hospital, Ba Yint Naung, Kyauk Taw Gyi and Defence Services
Medical School quarantine center; and we made contact with
phone or viber to get informed consent for convalescent plasma
donation and this study. After getting informed consent verbally, an
appointment was made for clinical and blood examination. History
taking particularly clinical features of COVID-19 infection; fever,
cough, dyspnea, changes in smell, changes in taste, abdominal pain
and diarrhea was done at 6 weeks after symptom onset of COVID-19
infection. Physical examination was performed for anaemia, blood
pressure and general condition. Then, 5 cc of venous blood was
taken for total antibody level, random blood sugar, serum creatinine

and blood group. Clinical characteristics like age, sex, body
weight, height, immune status: diabetes mellitus, on steroids, on
immunosuppressants and transplant recipients, and hypertension,
malignancy, renal function and blood group were recorded in the
proforma. SARS-CoV-2 total antibody was measured with the use of
E411 Fully Automated Immuno Analyzer [8]. Adequate total Ab or
high total Ab titer was defined if the total Ab level was >1:40 COL
A total of 302 participants were studied at 42 days and the blood
sample from those willing to give informed consent for second
examination were taken again at 70 days since symptom onset.
Ethical approval was obtained from “Hospital Ethics and Research
Committee of No (1) Defence Services General Hospital (1/1000)
Mingaladon, Myanmar”. Data was analysed by using SPSS software
version (23).

Initial recruitment
1,335 candidates
Inclusion criteria
1. Age over 18 years
2. Recovered from PCR positive
COVID-19 infection

Exclusion of 1,033 candidates
Informed consent

Final analysis 302 candidates
First serological test at Day 42
(n=302)

Informed consent

Second serological test at Day
70 (n=27)

Figure 1: Flow Chart.

Results

Although 1335 candidates were contacted for informed consent
for donation of plasma and participation in this study, 1033 were
excluded as they had malignancy, tuberculosis, renal transplant
recipient, aplastic anaemia, leukaemia and autoimmune disease-
SLE. Baseline clinical characteristics including age, sex, blood
group, BMI, serum creatinine, SARS CoV2 total antibody status
and presence of COVID-19 symptoms, shown in Table 1 and the
relation between clinical characteristics and antibody levels were
studied, shown in Table 2. Half of the candidates were symptomatic
and only 30% of them had significant total Ab level (total Ab titers
more than 1:40). Mean total Ab level of the candidates was 32.64
COI (range 0.06 COI- 162.10 COI). Twenty five percent of candidates
had high Ab titers 21:40 COIL And half of the candidates having
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total Ab titers more than 1:40 COI were symptomatic. There was
no relation between severity of symptom and significant total Ab
level. The mean age was 30 years, and the range was 18 to 78 years.
Majority of the candidates (80.8%) were younger age group (18-
40 year) and (41-60 year) age group was 19.2%. Although mean
total Ab level of both age groups were more or less the same and
80% of participants whose total Ab level > 40 COI were younger age
group (18-40 year), it was not statistically significant. Eighty three
percent of the candidates were male; there was no relation between
sex and total Ab level. Regarding blood group, the proportion
of blood group of the candidates was highest in blood group “0”

(30.5%), followed by blood group “B” (30.1%) and blood group “A”
(28.8%). The lowest contribution was blood group “AB” (10.6%). It
was in accordance with blood group distribution pattern of general
population in Myanmar. There was no relation between blood
group and significant Ab level. Nevertheless, the difference in total
Ab level was interesting if we categorized the four blood groups,
“A”, “B”, “AB” and “0”, into two main groups: blood group “non-0"
(n=210) and blood group “0” (n=92) group. The mean total Ab
level of candidates with blood group “non-O” group was higher
than that of “0” group: 33.6 COI + 32.7 COI and 30.4 COI + 30.5 COI
respectively.

Table 1: Baseline clinical characteristics of covid-19 Convalescent plasma donor candidates (n=302).

Characteristics Mean(+SD) Minimum Maximum
Age (years) 3012 18 78
BMI (kg/m?) 22.39+4.01 14.51 45.58

SARS CoV2 Antibodies 32.63+32.11 0.06 162.1
Height (cm) 163.86 + 5.94 149.8 185.4
Weight (kg) 60.05 + 10.64 42.18 121.1
Age group No. of Patients Percent

18-40 244 80.80%
241 58 19.20%
Gender No. of Patients Percent
Male 251 83.10%
Female 51 16.90%
Blood Group No. of Patients Percent

A 87 28.80%

AB 32 10.60%

B 91 30.10%

0 92 30.50%
BMI Group No. of Patients Percent

< 18.5 (Underweight) 35 11.60%

18.5 - 24.9(Normal) 209 69.20%

25-29.9 (Overweight) 44 14.60%

230 (Obese) 14 4.60%
COVID-19 Symptoms No. of Patients Percent
Asymptomatic 137 45.40%

Symptomatic 165 54.60%
SARS CoV2 Antibody Response No. of Patients Percent

<40 COI 207 68.50%

=40 95 31.50%
Increased Serum Creatinine No. of Patients Percent

No 285 94.40%

Yes 17 5.60%
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Table 2: Association between clinical characteristics and SARS CoV2 Antibody responses among COVID-19 convalescent plasma
donor candidates (n=302).

Covid-19 Con\./alescent plasma donor ST EDT A L T Total p value
candidates (n=302) <40(Inadequate) 240(Adequate)
Age Group
18-40 168 (81.2%) 76 (80%) 244 (80.8%) p=081
=41 39 (18.8 %) 19 (20 %) 58(19.2 %)
Gender
Male 170 (82.1%) 81(85.3%) 251 (83.1%)
Female 37 (17.9 %) 14 (14.7%) 51(16.9%) p=049
BMI Group
< 18.5 (Underweight) 27 (13.0%) 8(8.4%) 35(11.6%)
18.5-24.9(Normal) 149(72.0%) 60(63.2%) 209(69.2%)
25-29.9 (Overweight) 24(11.6%) 20(21.1%) 44(14.6%) p=00%
>30 (Obese) 7(3.4%) 7(7.4%) 14(4.6%)
Increased Serum Creatinine
No 192(92.8%) 93(97.9%) 285(100%)
Yes 15(7.2%) 2(2.1%) 17(100%) p=007
Blood Group
A 57(27.5%) 30(31.6%) 87(28.8%)
AB 20(9.7%) 12(12.6%) 32(10.6%) b =019
59(28.5%) 32(33.7%) 91(30.1%)
0 71(34.3%) 21(22.1%) 92(30.5%)
Non-0 Vs O Blood Group
Non-0 136 (65.7%) 74 (77.9%) 210(69.5%)
0 71(34.3%) 21(22.1%) 92(30.5%) pr0.08
COVID-19 Symptoms
Asymptomatic 92(44.4%) 45(47.4%) 137(45.4%)
Symptomatic 115(55.6 %) 50(52.6%) 165(54.6%) p=0.69

Moreover, the percentage distribution of high total Ab level was
significantly higher in candidates with blood group “non-0" group
(77.9%) than blood group “0” group (22.1%). (p= 0.03). Mean
BMI of the candidates was 22.4 (range 14.5- 45.6). The significant
total Ab level was the highest (63.2%, 60/95) in those with normal
BMI (18.5-24.9). The proportion of significant total Ab level in
overweight group (BMI 25-29.9) and underweight (BMI less than
18.5) group was 21.1% (20/95) and 8.4% (8/95) respectively. In
obese group (BMI over 30), only 7.4% (7/95) had good total Ab
response (>1:40 COI) (p=0.04). Regarding the relationship between
total Ab level and BM], significant total Ab level was detected in
22.9% (8/35) in underweight (BMI less than 18.5) group, 28.7%
(60/209) in normal BMI (18.5-24.9), 45.5% (20/44) in overweight
group (BMI 25-29.9) and 50% (7/14) in obese group (BMI over 30).
Figure 1 revealed that there was positive relationship between BMI
and significant Ab level. (p=0.0003). There was no relation between

other metabolic state (diabetes mellitus, hypertension) and total
Ab response. In-view of renal function, among the candidates, 5.6
% (17/302) of candidates had raised serum creatinine. Only 11.8%
(2/17) of candidates had significant total Ab level. Mean total Ab
level of the candidates with normal serum creatinine was 33.58
COI and mean total Ab level of the participants with raised serum
creatinine was half of those participants with normal renal function
(16.82 COI). There was a negative correlation between total Ab
level and serum creatinine (Figure 2). Those with high serum
creatinine had negative correlation with SARS-CoV-2-specific total
antibody and we should screen serum creatinine for recruiting
convalescent plasma therapy. The total antibody level measured
at 70 days (mean= 87.27 COI * 25.96 COI) was significantly higher
than that of 42 days (mean= 56.19 COI + 20.23 COI). The difference
was statistically significant (p=<0.001) (Figure 3).
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Figure 1: Correlation between BMI and SARS CoV2 total antibody responses.

200 00—

150.00-

100.00]

Ab Level

50.00

00—

T
yes

High serum creatinine

Figure 2: Correlation between high serum creatinine and SARS CoV2 total antibody responses.
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Discussion

SARS-CoV-2-specific antibody titer may correlate with
COVID-19 disease severity, age, sex, BMI, hypertension, anaemia,
diabetes mellitus, blood group and serum creatinine. It helps viral
clearance early, reduces the severity and shortens hospital stay;
thus, it is the rationale for administration of plasma as a treatment
for COVID-19. There are controversies in clinical predictors for
selection of plasma donor and its durability. Although the studies
done in Germany [9,10] and US had agreement on the relation
between SARS-CoV-2-specific antibody titers and some clinical
characteristics, there were some disagreements [11]. According to
[7], a history of higher number of COVID-19 symptoms and higher
levels of anti-SARS-CoV-2 IgG and IgA antibodies in immunoassays
can preselect donations with higher neutralizing capacity; other
clinical characteristics like age, sex, BMI and blood group type did
not predict Ab level. Moreover, Masia et al. (2021) mentioned that
SARS-CoV-2 viral load predicted the Ab response. The reports on
the relation between Ab with BMI, blood group [12] and serum
creatinine was rare. We wondered factors predicting the response
- SARS-CoV-2-specific total antibody in Myanmar population with
previous COVID-19 infection. Male sex over 50 year were found
to have severe infection in several studies [13-15] and their Ab
level were expected to be high too. Old age, male sex and clinical
severity correlated well with high Ab titers in some report from
US and Germany; the finding by study from Spain overlooked it. In
this study, half of the participants were symptomatic and 52.6% of
candidates with symptoms had adequate Ab level for convalescent
plasma donation (Ab level more than 40 COI). There was no relation
between symptom and adequate Ab level. Thus, our findings fail to
note the report from US [10] and Germany [9] where adequate Ab
level was related with severity of symptoms. However, showing no
relation between Ab response in this study confirm the finding by
[11].

The mean age in this study was 30 year (range 18-78 year); the
majority (80.8%) were younger age group (18-40 year). Although
80% of participants whose Ab level > 40 COl were younger age group
(18-40 year), it was not statistically significant. This finding also
disregards others [9,10] older age group in their study population
had relatively high Ab level. Eighty three percent of the subjects
were male. There was no relation between sex and Ab level; this
finding proves that of Spanish study [11]. It again overlooks the
finding by [9,10]. Relation between the type of blood group and
its susceptibility as well as severity of SARS-CoV-2 infection was
interesting. Most of the finding concluded that those with blood
group O had protection against SARS-CoV-2 [16-18]. In view of
severity, [17] pointed out that those with blood group A were more
prone to have severe infection; however, Almadhi et al neglected
it- no association was observed between blood group and the risk
of a severe ICU-requiring infection. According to [17], those with
blood group A probably have high Ab level because candidates with
severe infection were likely to have good Ab response. Shokri et al

demonstrated that non-0 blood group carriers with COVID-19 were
at higher risk of developing severe outcomes in comparison to O
blood group; therefore, non-0 blood group carriers were expected
to have high Ab level. Regarding blood group, the proportion
of blood group of the candidates was highest in blood group “0”
(30.5%), followed by blood group “B” (30.1%) and blood group “A”
(28.8%). The lowest contribution was blood group “AB” (10.6%). It
was in accordance with blood group distribution pattern of general
population in Myanmar. There was no relation between blood
group and significant Ab level. Nevertheless, the difference in total
Ab level was interesting if we categorized the four blood groups,
“A”, “B”, “AB” and “0”, into two main groups; blood group “Non-0”
(n=210) and blood group “0” (n=92) group. The mean total Ab
level of candidates with blood group “Non-O” group was higher
than that of “0” group: 33.6 COI + 32.7 COI and 30.4 COI + 30.5 COI
respectively. Moreover, the percentage distribution of high total
Ab level was significantly higher in candidates with blood group
“Non-0" group (77.9%) than blood group “0” group (22.1%). (p=
0.03) Therefore, in this study, not only the mean Ab level but also
the proportion of adequate Ab response of candidates with blood
group “Non-0” was higher than that of “0O” group; this finding agree
the report by [12] where those with blood group “AB” had higher
Ab level than those with blood group “0”. It also provides evidence
for relation between clinical severity and blood group finding by
[16,17]; blood group “Non-0” were more likely to get severe SARS-
CoV-2 infection and higher Ab level. Interestingly, those with BMI
over 30, obesity, were found to have severe SARS-CoV-2 infection
and high mortality in previous studies [19-22] and it was more
susceptible to infection and found to have more viral load [23].
Nevertheless, they had higher Ab level than non-obese [24]. The
good point was that they became excellent candidates for plasma.
In this study, mean BMI was 22.4 kg/m2 (range 14.5- 45.6). The
adequate Ab level was highest (63.2%, 60/95) in those with normal
BMI (18.5-24.9). The adequate Ab level of overweight group (BMI
25-29.9) and underweight (BMI less than 18.5) group was 21.1%
(20/95) and 8.4% (8/95) respectively. In obese group (BMI over
30), only 7.4% (7/95) had adequate Ab response (> 40 COI) (p=
0.04) (Table 2). Regarding relationship between Ab level and BMI,
adequate Ab level was detected in 22.9% (8/35) in underweight
(BMI less than 18.5) group, 28.7% (60/209) in normal BMI (18.5-
24.9), 45.5% (20/44) in overweight group (BMI 25-29.9) and
50% (7/14) in obese group (BMI over 30). There was positive
relationship between BMI and adequate Ab level (p = <0.001).

There was no relation between metabolic state (diabetes
mellitus, hypertension) and Ab response [25-27]. Many reports
concluded that development of acute kidney injury in severe SARS-
CoV-2 infection was one of the poor prognostic indicators [28]. The
kidney function would have recovered by 42 days symptom onset.
In this study, among the participants, 5.6 % (17/302) had raised
serum creatinine; only 11.8% (2/17) of those with raised serum
creatinine had adequate Ab level. Mean Ab level of participants
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with normal serum creatinine was 33.58 = 32.6 COI and those
with raised serum creatinine was 16.82 + 15.28 COI which was
nearly half of those with normal renal function. Thus, raised serum
creatinine level may interfere with SARS CoV2 antibody level but
it was not statistically significant. Therefore, we should screen
serum creatinine for recruiting convalescent plasma therapy. Total
antibody levels measured at 70 days (mean= 87.27 * 25.96 COI)
were significantly higher than that of 42 days (mean=56.19 + 20.23
COI). The difference was statistically significant (p=<0.001).

Conclusion

The best predictor for adequate total antibody against SARS-
CoV-2 were those candidates with normal or high BMI status,
“Non-0” blood group and normal serum creatinine; the plasma
should be collected at 70 days symptom onset after COVID-19
infection.
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