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A B S T R A C T   

Background: Recent evidence suggested that the higher titers of anti-severe acute respiratory syndrome coro
navirus 2 (SARS-CoV-2) antibody from convalescent plasma donors contributed to the clinical improvement in 
coronavirus disease 2019 (COVID-19) patients. However, the titers of anti-SARS-CoV-2 antibodies varied in each 
individual, and the precise factors that might govern such variation have not been elucidated. 
Objectives: To assess the factors associated with high titers of anti-SARS-CoV-2 antibody among COVID-19 
convalescent plasma (CCP) donors. 
Methods: A cross-sectional study was conducted in Saiful Anwar General Hospital, Malang, Indonesia. Informa
tion of interest including demographic characteristics, clinical symptoms, comorbidities, laboratory findings, and 
the titers of anti-SARS-CoV-2 antibody among COVID-19 CCP donors were collected. The correlation was 
assessed using multiple logistic regression. 
Results: A total of 50 COVID-19 CCP donors with the titers of anti-SARS-CoV-2 antibody of more than 1:320 and 
33 donors with the titers of less than 1:320 were analyzed. Our analysis revealed that CCP donors with history of 
cough, fever, dyspnea, and pneumonia significantly had higher titers of anti-SARS-CoV-2 antibody compared to 
asymptomatic donors. Moreover, CCP donors with elevated levels of eosinophils and immature granulocytes and 
low levels of albumins had higher levels of anti-SARS-CoV-2 antibody. The titer of antibody was not affected by 
comorbidities of donors. 
Conclusions: CPP donors who had experience of symptomatic COVID-19 with high eosinophils level, high 
immature granulocytes and low albumin level have higher titers of anti-SARS-COV-2 antibody than those who 
experienced asymptomatic COVID-19. Our current findings may be used as the additional baseline criteria for 
selecting the donors of CCP for the management of COVID-19.   
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1. Introduction 

The management of coronavirus disease 2019 (COVID-19) remains a 
major challenge. Since the consolidation project from World Health 
Organization (WHO) suggests a weak efficacy of hydroxychloroquine, 
remdesivir, interferon regimens, and lopinavir to treat COVID-191 and 
the vaccines are still being developed, a treatment using passive im
munization concept might be promising. Convalescent plasma (CCP), a 
treatment by transferring neutralizing anti-viral antibodies and other 
immunomodulators via plasma transfusion, had been historically 
proven to provide the clinical improvement of similar infectious dis
eases2,3; and therefore, CCP is proposed as one of the promising treat
ments of COVID-19.4 However, the use of CCP to treat COVID-19 
patients have raised the dilemma due to the different responses among 
the patients.5 A specific setting of CCP administration needs to be 
validated. 

While the US Food and Drug Administration (FDA) has suggested 
that the titers of anti-SARS-COV-2 antibody of more than 1:160 is 
considered as the effective CCP,6 the evidence regarding the outcomes of 
CCP remained controversial.7 Recent studies indicated that the titers of 
anti-SARS-COV-2 antibody of more than 1:320 from CCP donors pro
vided clinical improvement for treating COVID-19 patients.8,9 However, 
the titers of anti-SARS-CoV-2 antibody varied in each individual, and 
these titers might be affected by a wide variety of conditions such as 
host, perinatal, extrinsic, behavioral, and nutritional factors10 as well as 
magnitude of transmission of the COVID-19 in region.11 Some studies 
have been conducted in US and China;12,13however, no study has been 
conducted in Indonesia to assess the factors of the host and disease 
course that might affect the titers of anti-SARS-COV-2 antibody. There
fore, this study was conducted to assess the predictors of the titers of 
anti-SARS-COV-2 antibody among Indonesian CCP donors. 

2. Methods 

2.1. Study design and patients 

Between July and November 2020, a cross-sectional study was 
conducted in Saiful Anwar General Hospital, Malang, Indonesia to assess 
the factors that might affect the titer of anti-SARS-CoV-2 antibody 
among the donors of CCP. We used total sampling method to recruit the 
participants. All participants met the criteria for CCP transfusion as 
recommended by the FDA.6 Three investigators contacted each partici
pant privately. Samples were collected from healthy COVID-19 patients 
who had been asymptomatic for >14 days (the 15th day). Participants 
with any of the following criteria were excluded: pregnant woman, 
having the history of transfusion reaction, and treated with immuno
globulin in the last 30 days. Our study protocols conformed with the 
principle outlined in the Declaration of Helsinki and had been approved 
by Indonesian Health Research Ethics Committee of the National 
Research and Development Agency (No. LB.02.01/2/KE.351/2020) and 
all participants provided written informed consent. 

2.2. Outcome measures 

The predictor variables in our study were symptoms, comorbidities, 
and laboratory findings. Disease symptoms included diarrhea, fever, 
cough, dysgeusia, dyspnea, and pneumonia. The comorbidities were 
obesity, overweight, diabetes mellitus, and hypertension. The labora
tory findings were hemoglobin, leukocytes, thrombocytes, eosinophils, 
basophils, neutrophils, lymphocytes, neutrophil-lymphocyte ratio 
(NLR), immature granulocytes, total proteins, albumins, globulins, and 
total cholesterols. The outcome was the titer of anti-SARS-CoV-2 anti
body, divided into less than and more than 1:320, as recommended by 
previous studies.8,9 CCP was collected by plasmapheresis using Hae
monetics MSC® plus (Haemonetics, Boston, Massachusetts, US). 

2.3. Measurement of anti-SARS-CoV-2 antibody 

Blood samples were collected and stored at − 20 ◦C and were tested 
for anti-SARS-CoV-2 IgM and IgG levels using qualitative lateral flow 
immunochromatographic assay (ICA) (SD Biosensor, Ye Suwon-shi, 
Korea). The testing was conducted in accordance to the manufac
turer’s recommendations and the protocols of the previous studies.14,15 

To determining the antibody titer, two-fold dilutions of plasma (starting 
at a 1:20 dilution) was carried out. Infectious virus was added to the 
plasma dilutions at a final concentration of 1 × 104 TCID50/mL (100 
TCID50 per 100 μL). The samples were incubated for 1 h at room tem
perature, and then 100 μL of each dilution was added to 1 well of a 
96-well plate of Vero E6-TMPRSS2 cells in sextuplet for 6 h at 37 ◦C. The 
inocula were removed, the fresh media was added, and the plates were 
incubated at 37 ◦C for 2 days. The cells were fixed with 4% formalde
hyde and then stained with Napthol Blue Black (Millipore Sigma, 
Darmstadt, Germany). The antibody titer was calculated as the highest 
serum dilution that prevent the cytopathic effect in 50% of the wells. 

2.4. Statistical analysis 

The association between the predictor covariates and the titers of 
anti-SARS-COV-2 antibody was performed using multiple logistic 
regression. All significant tests were two tailed and the P value < 0.05 
was considered statistically significant. All analyses in our present study 
were conducted using a Statistical Package of Social Science 17.0 soft
ware (SPSS Inc, Chicago, IL). 

3. Results 

A total of 50 participants with the titer of anti-SARS-CoV-2 antibody 
more than 1:320 and 33 participants with the titers of anti-SARS-CoV-2 
antibody less than 1:320 were included in our study. Initially, we 
included 99 participants; 16 participants were excluded due to pregnant 
status, having the history of transfusion reaction, and having the history 
of immunoglobulin therapy in the last 30 days. The baseline charac
teristics of participants are presented in Table 1. 

Our findings suggested that the history of fever, cough, dyspnea, and 
pneumonia among the CCP donors was associated with increased titer of 
anti-SARS-CoV-2 antibody compared to asymptomatic patients. Our 
study also found that participants with the high level of eosinophiles and 
immature granulocytes, and low albumins level were associated with 
high titers of anti-SARS-CoV-2 antibody. 

4. Discussion 

Our study found that donors that experienced symptomatic COVID- 
19 had higher levels of anti-SARS-CoV-2 antibody compared to those 
with asymptomatic participants. Our study conformed with the previous 
studies that found symptomatic CCP donors were associated with high 
titer of anti-SARS-CoV-2 antibody.12,13 The report assessing the potential 
factors on the titers of antibody was limited, and therefore, the specu
lation theory in this context remained controversial. A recent clinical 
evidence showed that high antibody titer was found in critically ill 
COVID-19 patients than non-critically ill patients.16 Moreover, patients 
with high level of C-reactive protein (CRP), low level of lymphocytes, 
and old age, which are commonly found in severe COVID-19 patients, 
were associated with high level of anti-SARS-CoV-2 antibody.17 

It was proposed that the binding of specific antibody to the virus 
through Fcγ receptors (FcγRs) which are highly expressed in lung 
epithelial cells may facilitate the entry of virus into immune cells.18 The 
evidence also revealed that immunoglobulin therapy by blocking FcγRs 
was considered the potential therapy in COVID-19 patients.19 These 
evidences suggest that disease progression might play a pivotal role to 
govern the titers of antibody. Therefore, in our current study, those in
dividual donors experienced with more predominant symptomatic 

S.O. Wardhani et al.                                                                                                                                                                                                                           



Clinical Epidemiology and Global Health 11 (2021) 100763

3

COVID-19 had higher level of anti-SARS-CoV-2 antibody than those 
asymptomatic donors of CCP. 

Our data also suggested that COVID-19 patients with elevated level 
of eosinophiles and immature granulocytes, and low albumin level were 
associated with high level of anti-SARS-CoV-2 antibody. There is no 
study available as comparison of our present findings. The underlying 
mechanism of our findings might be due to the fact that those laboratory 
findings are commonly found in severe COVID-19 patients,20,21 and high 
anti-SARS-CoV-2 antibody was associated with severe COVID-19 
patients.16Moreover, in the case of viral infection, high level of eosin
ophils was also suggested to associate with elevated level of antibody.22 

An increased level of immature granulocytes was also correlated with 
high risk of viral infection and elevated level of antibody.23 Low level of 
albumin might be affected by the clearance mechanism of antibody, 
suggesting that negative association might underly between albumin 
level and titer of anti-SARS-CoV-2 antibody.24 

To the best of our knowledge, our study is the first report regarding 
the predictors of anti-SARS-CoV-2 antibody titer in Indonesia. Our cur
rent study might provide the baseline data for selecting CCP donors for 
COVID-19. We expected that a Medical Council should elaborate the 
precise guideline to determine the prominent candidate of CCP donors 
for the management of COVID-19. However, further studies are war
ranted to investigate other predictors to predict high titer of anti-SARS- 
CoV-2 antibody in CCP donors. 

Some limitations also need to be discussed. First, we did not involve 
some potential confounding factors, including genetics, prenatal factors, 
preexisting immunity, geographic location, family size, smoking, 
alcohol consumption, exercise, and sleep.10 Second, a small sample size 
in our current study should be interpreted with caution. Third, our 
current study was cross-sectional which is observational in nature and 
therefore unable to determine the holistic cause-effect relationship. 

5. Conclusion 

Our study suggests that symptomatic COVID-19 individuals with 
elevated levels of eosinophiles and immature granulocytes, and low 
levels of albumins are the prominent predictors of high titer of anti- 
SARS-CoV-2 antibody in CCP donors. Our current study may provide the 
additional criteria for selecting the CCP donors for the management of 
COVID-19. 
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(No. LB.02.01/2/KE.351/2020). 
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Table 1 
Baseline characteristics of patients included in our analysis.  

Characteristics Antibody titers OR 95%CI p 

>1:320 (n = 50) <1:320 (n = 33) 

Age (years) 37 (23–55) 35 (19–59) 1.18 0.53–2.63 0.679 
Male, n (%) 38 (76.0) 21 (63.6) 1.81 0.69–4.73 0.227 
Symptoms, n (%)      
Diarrhea 9 (18.0) 5 (15.2) 1.23 0.37–4.06 0.735 
Fever 46 (92.0) 6 (18.2) 51.75 13.40–199.91 <0.0001 
Cough 45 (90.0) 3 (9.1) 90.00 20.00–404.99 <0.0001 
Dysgeusia 6 (12.0) 3 (9.1) 1.36 0.32–5.88 0.677 
Dyspnea 35 (70.0) 1 (3.0) 74.67 9.33–597.81 <0.0001 
Pneumonia 32 (65.3) 1 (3.0) 56.89 7.16–451.93 <0.0001 
Comorbidity, n (%)      
No comorbidity 39 (78.0) 30 (90.9) 0.36 0.09–1.39 0.136 
Obesity 4 (8.0) 1 (3.0) 2.78 0.30–26.07 0.370 
Overweight 2 (4.0) 0 (0.0) 3.45 0.16–74.26 0.429 
Diabetes 1 (2.0) 2 (6.1) 0.32 0.03–3.64 0.356 
Hypertension 4 (8.0) 0 (0.0) 6.48 0.34–124.54 0.215 
Laboratory findings      
Hemoglobin (gr/dl) 14.7 (11.1–17.1) 14.5 (12.1–16.7) 1.00 0.45–2.22 1.000 
Leukocytes (/μl) 6980 (4750–11570) 6650 (4320–13440) 1.14 0.51–2.53 0.748 
Thrombocyte (x103/mm3) 276 (66–430) 258 (66–429) 1.64 0.74–3.65 0.226 
Eosinophils (Abs) 0.19 (0.02–0.42) 0.17 (0.01–0.61) 5.06 2.20–11.66 <0.0001 
Basophils (Abs) 0.03 (0.00–0.09) 0.03 (0.01–0.07) 1.00 0.45–2.22 1.000 
Neutrophils (Abs) 3.76 (1.58–8.60) 3.70 (2.17–9.98) 1.06 0.48–2.36 0.884 
Lymphocytes (Abs) 2.36 (1.44–3.81) 2.23 (1.16–3.85) 1.19 0.54–2.65 0.665 
NLR 1.62 (0.52–4.32) 1.60 (0.89–4.67) 1.48 0.67–3.30 0.334 
Immature granulocytes 0.03 (0.01–0.10) 0.02 (0.01–0.07) 6.13 2.64–14.26 <0.0001 
Total proteins (gr/dl) 7.73 ± 0.46 7.85 ± 0.41 0.61 0.27–1.36 0.227 
Albumins (gr/dl) 4.70 ± 0.34 4.86 ± 0.30 0.41 0.18–0.92 0.030 
Globulins (gr/dl) 3.03 ± 0.34 2.99 ± 0.37 1.23 0.55–2.73 0.613 
Total cholesterols (mg/dl) 199 (136–343) 203 (127–389) 0.93 0.42–2.07 0.866 

Note, data were presented as mean ± SD or n (%); NLR, neutrophil-lymphocyte ratio; OR, odd ratio, CI, confidence interval. 
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