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ABSTRACT: In this study, our research objectives are; to evaluate death risk 
covariates and the clinical course of the COVID-19 patients who had received 
convalescent plasma treatment. This study was performed between April 2020 -April 
2021, retrospectively. The study was conducted at two centers in Izmir, Turkey. 
Demographic characteristics, number of plasma given, the time between the onset of 
the symptoms and the first plasma treatment, and laboratory results(C-reactive 
protein, white blood cell, thrombocyte, lymphocyte counts, D-dimer, alanine 
aminotransferase, aspartate aminotransferase, and procalcitonin) are recorded. 
Biochemical parameters and the necessity of oxygen support for the patients were 
evaluated on days 0, 3, and 7 of the first plasma treatment. Death risk covariates were 
analyzed. Described as moderate, severe, and critical, 199 patients were included in 
this study. The patients' mean age of the patients was63.7±14.2 (min:24-max:93). 
Most patients were in the severe group (41.7%). The frequency of necessity of non-
invasive mechanical ventilation/mechanical ventilation (NIMV/MV) support on day 
three and day seven was lower than on day 0 (p:0.004). C-reactive protein and 
procalcitonin levels were progressively decreased on day three and day 7 (p<0.001, 
p<0.001).Multivariate analysis showed that; ≥65 years of age (HR:1.62 [1.06–
2.49]),critical disease severity(HR:2.64 [1.10–6.30]), necessity of corticosteroid 
treatment (HR:2.22 [1.29–3.82]), leukocyte counts of ≤4.23x103/UL (HR:2.10 [1.19–
3.69]), lymphocyte levels of ≤0.80 x103/UL (HR:1.74 [1.06–2.86]), AST levels of ≥ 50 
U/L (HR:2.18[1.42–3.34]), and procalcitonin levels of  ≥0.5 ng/ml (HR:1.91 [1.26–
2.91]) on day 3 were found independently associated with mortality. As a result, being 
older than 65 years old, having acute disease, receiving corticosteroids, having low 
lymphocyte-leucocyte counts, and having high ALT and procalcitonin levels are 
associated with mortality. Considering our findings, we think that more studies are 
needed in the patient groups. 
Keywords: Convalescent plasma; mortality; SARS-CoV-2 
 
INTRODUCTION 
 In late 2019, a different type of coronavirus was identified in a cluster of patients 
with acute respiratory tract infection symptoms in Wuhan, Hubei Province, China1. The 
disease was caused by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which was later identified as coronavirus disease 2019 (COVID-19)2,3. It 
rapidly spread in China, causing a worldwide pandemic. Over 500 a million confirmed 
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cases of COVID-19 have been reported globally4. Before the COVID-19 pandemic, 
convalescent plasma (CP) or immune plasma therapies had been involved in the 
treatment of SARS-CoV-1 (2003) and MERS-CoV(2012)5. In this context, passive 
immunization has come to the fore again. The Food and Drug Administration (FDA) 
stated that using CP obtained from people who have recovered from COVID-19 may 
be effective in treating COVID-19 patients in March 20206. 
 Convalescent plasma treatment is based on forming passive immunity in a 
patient with an infectious disease by giving plasma obtained from donors who had 
previously recovered from the same infection. Immune plasma contains neutralizing 
antibodies against the relevant pathogen. According to the Turkish COVID-19 Immune 
Plasma Procurement and Clinical Use Guidelines, people with at least 1:80 
neutralizing anti- SARS-CoV-2 antibodies agreed to donate plasma7. FDA 
recommended that CP for COVID-19 treatment should contain neutralizing antibody 
titer of ≥1:1606. According to both FDA and Turkish Guidelines, it was recommended 
that CP treatment should be given in the early stages of COVID-19 and cases of 
immuno-compromising conditions8. There were studies on overall mortality, but due to 
the lack of detailed analysis in patients receiving CP treatment, this study aimed to 
analyze death risk covariates and evaluate the clinical course of the patients who had 
received convalescent plasma treatment. 
 
MATERIALS AND METHODS 
Patients and Demographic Characteristics 

This two-centered (Bozyaka and Tepecik Training and Research Hospitals, 
Izmir, Turkey) retrospective study included hospitalized adult COVID-19 patients who 
had received convalescent plasma treatment between April 2020 and April 2021. 
Demographic characteristics such as; age, gender, co-morbid conditions, and other 
treatment modalities of the patients were recorded. Approval was obtained from the 
Ethics Committee of Izmir Bozyaka Training and Research Hospital on 28/05/2021 
with the decision number 2021/88. 
Donor Selection 

According to the Turkish Guidelines, donors meet the necessary conditions for 
the whole blood donation. Besides, the donation was made between 14 days and three 
months after clinical recovery. Before the donation, microbiological screening tests 
(serologically HBsAg, anti-HCV, anti-HIV 1-2, and anti-syphilis antibody tests) were 
done. Immune plasma donors were preferably selected from men or women who did 
not become pregnant and those who had not received blood transfusions. 
Convalescent Plasma Storage and Clinical Use  

Immune plasma donation was accepted from those with neutralizing anti-
SARS-CoV-2 titers of ≥1:80. Plasma was obtained by apheresis, from two hundred to 
six hundred milliliters of plasma were collected from a donor. It was either administered 
immediately to the patient or was frozen for later use. Convalescent plasma 
administration is recommended in the early stages of the disease (within the first 
week)8. The Turkish Guidelines published in April 2020 recommended that patients in 
the range of 7-14 days after the onset of symptoms might receive plasma treatment9. 
However, in the last published guideline, updated in October 2020, it was 
recommended that the administration of immune plasma should be within the first 
week after the onset of symptoms7. According to the Turkish guideline, a minimum of 
200 ml CP treatment per day was administered for an adult patient. This dose could 
be repeated up to a maximum of 3 times within 24-48 hour intervals, according to 
clinical and laboratory responses. 
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Clinical Conditions 
 At hospitalization, the patients were described as moderate, severe, and 
critical10. Severe patients had an oxygen saturation of ≤93%, respiratory frequency of 
≥30, and lung infiltrates of more than 50%. Critical patients had respiratory failure, 
sepsis, and multi-organ failure. The day the first plasma treatment was administered 
was described as day 0. The third and seventh days after the first plasma treatment 
was described as day three and day 7, respectively. On days 0,3 and 7, clinical 
conditions such as; body temperature, oxygen saturations, the necessity of oxygen 
support, non-invasive mechanical ventilation (NIMV) or invasive mechanical 
ventilation(MV), any side effects during/after the administration of CP, and any proven 
secondary bacterial infections, The total length of hospital stay of the patients and the 
number of patients who had recovered/died were also recorded. 
Laboratory Findings 
 On day 0, day three, and day 7; the laboratory findings such as; C-reactive 
protein (CRP), white blood cell, thrombocyte, lymphocyte counts, D-dimer, alanine 
aminotransferase (ALT), aspartate aminotransferase (AST) and procalcitonin levels 
were analyzed. 
Radiological Assessment 
 Computerized chest tomography (CT) was performed on all patients before 
hospitalization. A semi-quantitative scoring system was used according to pulmonary 
involvement11. Percentage of the involvement of the lungs was described as <5%, 5-
25%, 26-49%, 50-75%, and >75%.  
Other Treatment Applications 
 The patients had received favipiravir 2x1600 mg as a loading dose and 2x600 
mg as a maintenance dose for a total of 5 days, and hydroxychloroquine 2x200 mg for 
a total of 5 days. They were recorded whether they had corticosteroids (0.5-1 mg/kg 
i.v. methylprednisolone up to 10 days or pulse steroid, ≥ 250 mg i.v.) or not before the 
CP treatment. 
Outcome and covariates: 
 In our study, analyzed death risk covariates were; sociodemographic 
characteristics, co-existing conditions, disease severity, lung involvement in CT, 
number of plasma given, the time between the onset of the symptoms and the first 
plasma treatment, anti-viral/ corticosteroid treatment, secondary bacterial infections 
and laboratory results (white blood cell counts, lymphocyte counts, thrombocyte 
counts, C-reactive protein, procalcitonin, D-Dimer, AST, ALT levels). 
Statistical Analysis 
 Descriptive statistics were given as numbers and percentages for categorical 
variables. Visual (histogram and probability graphics) and statistical methods 
(Kolmogorov-Smirnov/Shapiro-Wilk tests) examined the conformity of continuous 
variables to normal distribution. If continuous variables fit the normal distribution, the 
mean and standard deviation was used, but if not, median and 25th-75th percentile 
(IQR)were used. Survival analyses were given as mean and standard error. 
McNemar's test was used for two dependent groups, and Cochran's Q test was used 
for more than two groups to compare categorical variables. Analysis of not normally 
distributed continuous variables was performed using the Wilcoxon test for two 
dependent groups and the Friedman test for more than two groups. Bonferroni 
correction was used when the result was statistically significant in Cochran’s Quest 
and Friedman test by making a pairwise comparison of groups. The log-rank test first 
tested the possible association between covariates and outcome. Variables potentially 
associated with the outcome in univariate comparisons (p<0.05) and significant 
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variables in the literature were included in the Cox regression multivariate model with 
the backward elimination method to determine independent predictors controlling 
correlated factors. Analysis was performed using computer application, and a two-way 
p-value of < 0.05 was considered statistically significant. 
 
RESULTS AND DISCUSSION 
Sociodemographic Characteristics  
 Described as moderate, severe, and critical, 199 patients were included in this 
study, 70 (35.2%) of them were female, and 129 (64.8%) were male. The mean age 
of the patients was63.7±14.2 (min:24-max:93). At least one co-morbid condition 
(mostly hypertension) was detected in 153 (76.9%) of the patients, while any co-
morbid conditions were not detected in 46 (23.1%) of them. The patients' 
demographic/baseline clinical characteristics, the necessity of oxygen support, 
treatment modalities before the first plasma, the total number of plasma given, and the 
day between the onset of the sypmtoms and first plasma treatment are presented in 
Table 1.  
 
Table 1. Demographic/Baseline Clinical Characteristics of the Patients, the Necessity 
of Oxygen Support, Treatment Modalities Before the First Plasma, the Total Number 

of Plasma Given, and the Day Between the Onset of the Symptoms and First 
Plasma Treatment 

Characteristics N (%) 

Age groups 
<65 years 
≥65 years 

 
95(47.7) 
104 (52.3) 

Gender 
Female 
Male 

 
70 (35.2) 
129 (64.8) 

Co-morbidity status 
One disease 
≥2 diseases 
None 

 
76 (38.2)  
77 (38.2) 
46 (23.1) 

Co-existing conditions* 
Hypertension 
Diabetes mellitus 
Chronic heart disease 
Hematological disease 
End-stage renal disease 
Chronic obstructive pulmonary disease 
Solid malignancy 
Cerebrovascular disease 
Organ transplantation 
Rheumatological disease 
Asthma 

 
83 (31) 
67 (25) 
47 (17.5) 
16 (6) 
14 (5.2) 
14(5.2) 
10(3.7) 
7 (2.6) 
4 (1.5) 
4 (1.5) 
1 (0.3) 

Disease Severity 
Moderate 
Severe 
Critical 
 
 

 
41 (20,6) 
83 (41,7) 
75 (37,7) 
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Computerized tomography; lung involvement 
None 
<5% 
5-25%  
25-50%  
50-75% 
75-100%  

 
7 (3,5) 
7 (3,5) 
24 (12,1) 
67 (33,7) 
58 (29,1) 
36 (18,1) 

Use of oxygen supplementation devices 
None 
Nasal cannula  
Reservoir oxygen mask 
NAME 
MV  

 
27 (13,6) 
31 (15,6) 
62 (31,2) 
40 (20,1) 
39 (19,6) 

Anti-viral treatment 
Only favipiravir 
Favipiravir+ hydroxychloroquine 
Only hydroxychloroquine 

 
170 (85.4) 
27 (13.6) 
2 (1) 

Corticosteroid treatment 
Received 
Not received 

 
135 (67.8) 
64 (32.2) 

Time from onset of the symptoms to the first 
plasma treatment 
0-7 days 
≥8 days 

 
 
123 (61.8) 
76 (38.2) 

Total number of plasma 
1  
2 
3 
4 

 
97 (48,7) 
56 (28,1) 
43 (21,6) 
3 (1,5) 

*The frequency of existing co-morbidities is given 
 
Initial Clinical Findings and Treatment Modalities  
 While receiving plasma treatment, 64 (32.2%) of the patients were being 
followed up in the inpatient clinic, and 135 (67.8%) were being followed up in the 
intensive care unit (ICU). The mean time between the onset of the symptoms and the 
day of the first plasma treatment was 7±4 days (min:1-max:25 days). Among the cases 
in which glucocorticoid treatment was started (n:135), methylprednisolone was given 
to 129(64.8%) patients at a dose of 0.5-1 mg/kg i.v. And six patients (3%) at a dose of 
≥ 250 mg i.v. 
Clinical and Laboratory Findings During/After the Plasma Treatment 
 Biochemical parameters, body temperature, and necessity of oxygen support 
for the patients were evaluated on days 0, day three, and 7. A comparison of clinical 
and laboratory findings of patients on days 0, day three, and seven is given in Table 
2. 

Table 2. Comparison of Clinical and Laboratory Findings of Patients on Day 0,  
Day 3, and Day 7. 

Parameter- 
Normal range 

Day 0 Day 3 
 

Day 7 
 

p-value 

Clinical Findings 
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Body Temperature 
≥37.8°C 
<37.8°C 

 
30 (15.1%) 
168 (84.8%) 

 
9 (4.9%) 
175 (95.1%) 

 
6 (3.7%) 
155 (96.3%) 

 
 
p:<0.001a 

The necessity of Oxygen 
Support None-Cannula-
Mask 
NIMV-MV 

 
120 (60.3%) 
79 (39.7%) 

 
119 (59.8%) 
80 (40.2%) 

 
130 (68.1%) 
61 (31.9%) 

 
 
p:0.004b 

 
Laboratory Findings 

 
Median 
(IQR) 

 
Median 
(IQR) 

 
Median 
(IQR) 

 

White blood cell count  
4.23-9.07 x103 /UL 

n:199 
9.10 
(5.90-12.30) 

n:186 
9.03 
(6.40-12.52) 

n:154 
10.35 
(7.20-15.22) 

 
p:<0.0011 

Lymphocyte count  
1.32-3.57 x103 /UL 

n:199 
0.60 
(0.40-0.97) 

n:186 
0.80 
(0.50-1.10) 

n:154 
0.50 
(1.00-1.60) 

 
p:<0.0012 

Thrombocyte count 
160-340 x103 /UL 
 

n:199 
232.000 
(154.000-
323.000) 

n:186 
281.500 
(180.250-
379.500) 

n:154 
308.000 
(202.000-
392.000) 

 
 
p:<0.0013 

C-reactive protein  
0-5 mg/L 

n:199 
113.2 
(72-180.5) 

n:182 
89.7 
(39.6-142.1) 

n:154 
51.9 
(14.7-107.1) 

 
p:<0.0014 

Procalcitonin 
<0.5 ng/ml 

n:170 
0.21 
(0.12-0.86) 

n:165 
0.18 
(0.10-1.30) 

n:137 
0.15 
(0.07-0.49) 

 
p:<0.0015 

Alanine aminotransferase  
0-50 U/L 

n:198 
33 
(23-51) 

n:186 
39 
(26-63) 

n:154 
44 
(26-68) 

 
p:0.0056 

Aspartate 
aminotransferase 
0-50 U/L 

n:198 
44 
(30-69) 

n:186 
42 
(27-71.2) 

n:154 
38 
(26-55) 

 
p:0.0027 

D-Dimer 
0-240 ng/mL 

n:191 
759 
(436-1968) 

n:172 
1060 
(500-2943) 

n:143 
1107 
(560-2320) 

 
p:0.116 

aBetween day 0-3 and day 0-7 groups  
bBetween day 3-7 groups  
1Between day 0-7 and day 3-7 groups,  
2Between day 0-3-7 groups,  
3Between day 0-3 and day 0-7 groups,  
4,5Between day 0-3-7groups,  
6,7Between day 0-3 and day 0-7 groups. 
No side effects were observed in any patient during/after the plasma treatment. 
Frequencies of clinical findings were compared using Cochran's Q test, and data 
regarding laboratory findings were analyzed using the Friedman test followed by 
Bonferroni's multiple comparisons.  
 
Follow-up Results 

The median follow-up period of the patients was 15 days (min:2-max:142 days). 
Ninety-four(47.2%) of the patients died. The median survival time was 25±2.5 (95% 
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CI:20-30) days. The mean time of discharge from the hospital was 18.3±9.6 days. The 
cumulative survival rate was 90%±2.1% on day 7, 75%±3.2% on day 14, and 
43.5%±4.8% on day 30. Survival time according to demographic and clinical 
covariates is given in Table 3. 

 
Table 3. Survival Time According to Demographic and Clinical Covariates 

 Median for survival time 
(day) (95%CI) 

Mean for survival time 
(day) (95%CI) 

 
p-value 

Age groups 
<65 years 
≥65 years 

 
31±7.7  (15.8-46.1) 
23±3.4   (16.3-29.6) 

 
32.3±2.5 (27.3-37.3) 
31.7±7.1 (17.7-45.7) 

 
p:0.01 

Gender 
Female 
Male 

 
27±7.1 (12.9-41) 
22±2.9 (16.2-27.7) 

 
45.7±9.8 (26.4-65) 
25.1±1.5 (22.1-28.1) 

 
p:0.09 

Total number of 
plasma  
1  
2 
3 or 4 

 
 
27±4.5 (18-35.9) 
21±3.7 (13.5-28.4) 
24±4.7 (14.6-33.3) 

 
 
29.1±2.6  (24-34.2) 
28.3±2.9  (22.5-34) 
34.3±7.4  (19.8-48.9) 

 
 
p:0.97 

Time from onset 
of the symptoms 
to the first plasma 
treatment 
0-7 days 
≥8 days 

 
 
 
 
24±3.5 (17.1-30.8) 
25±2.9 (19.1-30.8) 

 
 
 
 
28.3±2.1 (24.1-32.5) 
39.5±8.5 (22.8-56.3) 

 
 
 
p:0.60 

Anti-viral 
treatment 
Only favipiravir 
Favipiravir+ 
hydroxychloroquine 

 
 
45±8.8 (27.7-62.2) 
 
23±1.9 (19.1-26.8) 

 
 
32.6±5.9 (20.9-44.3) 
 
32.5±3.9  (24.7-40.4) 

 
 
 
p:0.32 

Corticosteroid 
treatment 
Received 
Not received 

 
 
22±1.9 (18-25.9) 
45±8.9 (27.5-62.4) 

 
 
23.3±1.5(20.4-26.3) 
56.4±12.5 (31.8-81) 

 
 
p<0.001 

Co-morbid 
conditions 
At least one 
None 

 
 
24±2.4(19.1-28.8) 
45±17.1 (11.3-78.6) 

 
 
27.4±1.8 (23.8-30.9) 
47.1±15 (17.7-76.5) 

 
 
p:0.42 

Secondary 
bacterial 
infections 
Yes  
No 

 
 
 
23±2.2(18.5-27.4) 
32±4.5 (23-40.9) 

 
 
 
32.8±5. (22.5-43.1) 
33.6±2.7 (28.2-39.1) 

 
 
 
p:0.26 

Disease Severity 
Moderate 
Severe 
Critical 

 
55(-/-) 
25±3.9(17.2-32.7) 
19±2.2(14.5-23.4) 

 
44.8±4.4(36.1-53.6) 
53.1±11.3(30.9-75.3) 
23.2±2.1 (19-27.4) 

 
 
p:0.001 

Computerized 
tomography; lung 
involvement 
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0-5% 
5-25% 
25-50% 
50-75% 
>75% 

19±18.3 (0-54.8) 
53 (-/-) 
25±5.8 (13.5-36.4) 
23±3.1 (16.7-29.2) 
16±2.9 (10.1-21.8) 

34.8±8.2 (18.7-51) 
37.1±6 (25.2-49.1) 
36.1±9.1 (18.1-54.1) 
24.5±2.2 (20.1-28.9) 
24±3.2 (17.5-30.4) 

p:0.12 

Oxygen Support 
None-cannula-
mask 
NIMV-MV 

 
32±7.5 (17.2-46.7) 
16±2.5  (11-20.9) 

 
58±16.4  (25.7-90.3) 
21.2±1.8  (17.6-24.9) 

 
p<0.001 

*Log-rank test was used. 
 
The mean and median survival time according to laboratory findings on days 0 and 3 
is given in Table 4. 
 

Table 4. Survival Time According to Laboratory Findings by Days 0 and 3 

 Median for survival 
time (day)   (95%CI) 

Mean for survival time 
(day) (95% CI) 

 
p-value 

Day 0 
White blood cell count 
≤4.23 x103/UL 
>4.23 x103/UL 

 
20±2.5     (15-24.9) 
25±2.2     (20.6-29.3) 

 
31±5.7 (19.8-42.2) 
35.2±5.5 (24.2-46.1) 

 
 
p:0.87 

Lymphocyte count  
≤0.80 x103/UL 
>0.80x103/UL 

 
23±2.9     (17.2-28.7) 
31±6.9    (17.3-44.6) 

 
31.1±4.8  (21.6-40.6) 
31.4±3.9  (23.7-39.1) 

 
 
p:0.08 

Thrombocyte count 
≤ 160 x103/UL 
> 160 x103/UL 

 
20±2.6     (14.8-25.1) 
27±4     (19-34.9) 

 
24.9±3.1  (18.7-31.1) 
38.8±6.7  (25.6-52) 

 
 
p:0.07 

D-Dimer 
≤1000 ng/ml 
>1000 ng/ml 

 
21±2.2     (16.6-25.3) 
28±4.9     (18.3-37.6) 

 
25.4±2.2  (21-29.8) 
38.8±8.1  (22.8-54.8) 

 
p:0.11 

AST 
≤50 U/L 
>50 U/L 

 
35±7.5     (20.2-49.7) 
22±2     (18-25.9) 

 
43.3±10.1  (23.4-63.3) 
23.9±1.9  (20.1-27.7) 

 
p:0.02 

ALT 
≤50 U/L 
>50 U/L 

 
28±5     (18-37.9) 
22±1.7   (18.5-25.4) 

 
35.5±6     (23.6-47.3) 
24.1±2.4   (19.3-28.9) 

 
p:0.40 

C-Reactive Protein 
≤50 mg/L 
>50 mg/L 

 
25±10.2  (4.9-45) 
24±2.6   (18.8-29.1) 

 
33.9±5.1  (23.8-44.1) 
31.9±5.2   (21.6-42.2) 

 
 
p:0.09 

Procalcitonin 
≤0.5ng/mL 
>0.5ng/mL 

 
35±5.8  (23.5-46.4) 
17±1.6   (13.7-20.2) 

 
32±2.1  (27.8-36.3) 
36.5±8.5  (19.7-53.3) 

 
p:0.001 

Day 3 
White blood cell count 
≤4.23 x103/UL 
>4.23 x103/UL 

 
15±5.1(4.8-25.1) 
27±2.9(21.2-32.7) 

 
21.5±4.7 (12.3-30.8) 
37±6 (25.6-49.4) 

 
 
p:0.02 

Lymphocyte count 
≤0.80 x103/UL >0.80 
x103/UL 

 
21±2.1  (16.7-25.2) 
32±6.5  (19.1-44.8) 

 
25.2±1.8  (21.5-28.9) 
48.6±14.1 (20.9-76.2) 

 
 
p:0.02 

Thrombocyte count    
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≤ 160 x103/UL 
> 160 x103/UL 

16±2.7(10.6-21.3) 
25±3.8(17.4-32.5) 

23.8±3.4  (17-30.6) 
38.3±6.3  (25.9-50.8) 

 
p:0.005 

D-Dimer 
≤1000 ng/ml 
>1000 ng/ml 

 
23±3.6 (15.8-30.1) 
25±3.4 (18.1-31.8) 

 
27.5±2  (23.5-31.5) 
41.4±10.7 (20.4-62.4) 

 
p:0.44 

AST 
≤50 U/L 
>50 U/L 

 
35±5.1    (24.8-45.1) 
19±2.3  (14.4-23.5) 

 
43±10.1 (23.2-62.8) 
22.9±2   (18.9-26.9) 

 
p:0.002 

ALT 
≤50 U/L 
>50 U/L 

 
24±4.8 (14.4-33.5) 
40.3±8.4 (23.7-56.9) 

 
29.1±2.1  (24.9-33.2) 
23.9±1.9  (20.1-27.7) 

 
p:0.87 

C-Reactive Protein 
≤50 mg/L 
>50 mg/L 

 
38±10.8 (16.8-59.1) 
23±2.1  (18.8-27.1) 

 
34.4±3.6  (27.2-41.5) 
31.4±4.9  (21.6-41.1) 

 
 
p:0.29 

Procalcitonin ≤0.5 
ng/mL 
>0.5 ng/mL 

 
36±5.7  (24.7-47.2) 
17±1.2   (14.5-19.4) 

 
39.6±7.2  (25.4-53.8) 
21.6±2  (17.5-25.6) 

 
p<0.001 

*Log-rank test was used. 
 

 Predictors of mortality among patients by multivariate Cox regression analysis 
are given in Table 5.Multivariate analysis showed that; ≥65 years of age (Hazard 
Ratio[HR]:1.62 [1.06–2.49]),critical disease severity(HR:2.64 [1.10–6.30]), necessity 
of corticosteroid treatment (HR:2.22 [1.29–3.82]), leukocyte counts of ≤4.23x103/UL 
(HR:2.10 [1.19–3.69]), lymphocyte levels of ≤0.80 x103/UL (HR:1.74 [1.06–2.86]), 
AST levels of ≥ 50 U/L (HR:2.18[1.42–3.34]), and procalcitonin levels of  ≥0.5 ng/ml 
(HR:1.91 [1.26–2.91]) on  day 3 were found independently associated with mortality. 

 
Table 5. Predictors of Mortality among Patients by Multivariate  

Cox Regression Analysis 

 Model 1** 
Multivariate HR (95% CI) 
p value 

Model 2*** 
Multivariate HR  (95% CI) 

p value 

Clinical Features*   
Over 65 years old (vs. 
Under 65 years old) 

1.62   (1.06-2.49)     0.02 
 

 

Critical (vs. Moderate) 2.64   (1.10-6.30)     0.02  
Received corticosteroid 
(vs. Not received) 

2.22     (1.29-3.82)   0.004  

Laboratory Findings*   
Day 3-leukocyte count 
≤4.23 x103/UL 
(vs. >4.23 x103/UL) 
Day 3-lymphocyte 
count≤0.80 x103/UL 
(vs.>0.80 x103/UL) 
Day 3-AST level ≥50 U/L 
(vs.<50 U/L) 
Day 3-procalcitonin 
level≥0.5ng/mL 
(vs.<0.5 ng/mL) 

 
 

 
2.10   (1.19-3.69)   0.01 
 
1.74   (1.06-2.86)    0.02 
 
2.18    (1.42-3.34)  <0.001 
 
 
1.91   (1.26-2.91)  0.002 
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*Only results for variables retained in the final multivariate model are presented. 
**Variables included in the model: age, disease severity, corticosteroid treatment, co-
existing conditions, secondary bacterial infections, the time between the onset of the 
symptoms and the first plasma treatment 
*** Variables included in the model: AST and procalcitonin levels on day 0, white blood 
cell, lymphocyte, and thrombocyte counts, and AST and procalcitonin levels on day 3. 
 

At least one secondary bacterial infection developed in 77 (38.9%) patients 
during the follow-up. The most common infection was found to be bacterial pneumonia 
(n:56, 28.1%), also bloodstream infection (n:16, 8%),urinary tract infection (n:10, 
5%),central catheter-related infection(n:8, 4%) and other infections (n:3, 1.5%) were 
seen, respectively. Convalescent plasma has been used for treatment in previous viral 
pandemics. Experiences in using convalescent plasma against coronavirus were 
obtained from the Severe Acute Respiratory Syndrome 1 (SARS-COV-1) outbreak in 
2003 and showed some beneficial effects12. Recently published systematic review and 
meta-analysis investigating the association of CP treatment with clinical outcomes in 
patients with COVID-19, 10 published randomized clinical trials showed no significant 
associations or benefits for mortality, hospital length of stay, MV use, clinical 
improvement, or clinical deterioration13. In addition, in the latest guideline released in 
July 2021, the WHO recommended administering CP for the treatment of COVID-19 
because of having no evidence of beneficial effect and noted that CP use is associated 
with significant resource requirements14. 
 However, since the vaccine was not developed against the SARS-CoV-2 virus 
at the beginning of the pandemic and the abovementioned previous beneficial effects, 
CP treatment was started to provide an antibody response with passive immunity. This 
treatment opportunity has also been widely used in our hospital, mostly in patients with 
severe or critical diseases. In our study, mortality predictors were found as; being over 
65 years of age, having acute disease, receiving corticosteroid treatment, being 
leucopenic, lymphopenic, having AST levels of ≥50 U/L, and having procalcitonin 
levels of ≥0.5ng/mL on day 3. In a study by Muhammad et al, mortality predictors were 
found as; age >65, elevated markers of inflammation as CRP >20 mg/dl, 
procalcitonin>2.5 ng/ml, ferritin >2000 ng/ml and D-Dimer> 3.0 μg/ml15. In another 
study, decreased lymphocyte and platelet counts and increased D-dimer levels of>3.0 
μg/ml at admission were found to be significantly associated with mortality16.  
 Our study reduced the necessity of NIMV/MV after day 3. Similarly, in a study 
by Liu et al. that found that overall survival probability was greater in convalescent 
plasma recipients than in non-recipient control patients, the recipient group showed a 
reduction in the ratio of patients with worsened oxygenation status. However, the 
difference between day one and day seven was not statistically significant17. Duan et 
al., in 10 adult cases, showed that one dose (200 mL) of CPwas well tolerated and 
could significantly increase or maintain neutralizing antibodies at a high level, leading 
to the disappearance of viremia on day 7. Also, clinical symptoms and oxyhemoglobin 
saturation rapidly improved within day three, and radiological examination showed 
varying degrees of absorption of lung lesions at the end of day 7 in all patients. In this 
study, all patients had severe diseases, needed NIMV/MV, and were treated in the 
ICU18. 
 As mentioned above, the WHO recommended convalescent plasma treatment 
in the latest COVID-19 guidelines but also stated that clinical studies should continue 
in severe and critical patients. Considering our findings, we also think more studies 
are needed in the patient groups, such as severe and critical patients. There are some 



P a g e  | 11 

 

 
 

limitations of our study. Firstly, the study was conducted at only two centers with a 
small number of patients, and no probability sampling method was used. In this 
respect, it is not possible to generalize our results. Secondly, measurement bias 
should be considered, as there are minor differences in test kits between the two 
centers, even though the reference values are the same. 
 
CONCLUSION 

As a result, being older than 65 years old, having acute disease, receiving 
corticosteroids, having low lymphocyte-leucocyte counts, and having high ALT and 
procalcitonin levels are associated with mortality. Considering our findings, we think 
that more studies are needed in the patient groups. 
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9. T.C. Sağlik Bakanliği (2020). COVID-19 İmmün (Konvalesan) Plazma Tedarik ve 
Klinik Kullanim Rehberi (online). Website: https://shgm.saglik.gov.tr/TR-
65033/covid-19-immun-konvale-san-plazma-tedarik-ve-klinik-kullanim-rehberi-
yayinlanmistir. html (accessed 16 March 2021). 

10. World Health Organization. Report of the WHO-China joint mission on coronavirus 
disease 2019 (COVID‐19), 16-24 February 2020. 
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-
on-covid-19-final-report.pdf. (accessed on 12 August 2022) 

11. Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, Fan Y, Zheng C. Radiological 
findings from 81 patients with COVID-19 pneumonia in Wuhan, China: a 
descriptive study. Lancet Infect Dis. 2020 Apr; 20(4): 425-434. doi: 
10.1016/S1473-3099(20)30086-4. Epub 2020 Feb 24. PMID: 32105637; PMCID: 
PMC7159053. 

12. Soo YO, Cheng Y, Wong R, Hui DS, Lee CK, Tsang KK, Ng MH, Chan P, Cheng 
G, Sung JJ. Retrospective comparison of convalescent plasma with continuing 
high-dose methylprednisolone treatment in SARS patients. Clin Microbiol Infect. 
2004 Jul; 10(7): 676-8. doi: 10.1111/j.1469-0691.2004.00956.x. PMID: 15214887; 
PMCID: PMC7129386. 

13. Janiaud P, Axfors C, Schmitt AM, Gloy V, Ebrahimi F, Hepprich M, Smith ER, 
Haber NA, Khanna N, Moher D, Goodman SN, Ioannidis JPA, Hemkens LG. 
Association of Convalescent Plasma Treatment With Clinical Outcomes in 
Patients With COVID-19: A Systematic Review and Meta-analysis. JAMA. 2021 
Mar 23; 325(12): 1185-1195. doi: 10.1001/jama.2021.2747. PMID: 33635310; 
PMCID: PMC7911095. 

14. Therapeutics and COVID-19. Living guideline. 7 December 2021.  
https://apps.who.int/iris/bitstream/handle/10665/350177/WHO-2019-nCoV-
therapeutics-2021.4-eng.pdf. (accessed 12 August 2022) 

15. Muhammad R, Ogunti R, Ahmad B, Munawar M, Donaldson S, Sumon M, Kibreab 
A, Thomas AN, Mehari A. Clinical Characteristics and Predictors of Mortality in 
Minority Patients Hospitalized with COVID-19 Infection. J Racial Ethn Health 
Disparities. 2022 Feb; 9(1): 335-345. doi: 10.1007/s40615-020-00961-x. Epub 
2021 Feb 4. Erratum in: J Racial Ethn Health Disparities. 2022 Jun; 9(3): 1096. 
PMID: 33538998; PMCID: PMC7861003. 

16. Corona G, Pizzocaro A, Vena W, Rastrelli G, Semeraro F, Isidori AM, Pivonello 
R, Salonia A, Sforza A, Maggi M. Diabetes is most important cause for mortality 
in COVID-19 hospitalized patients: Systematic review and meta-analysis. Rev 
Endocr Metab Disord. 2021 Jun; 22(2): 275-296. doi: 10.1007/s11154-021-09630-
8. Epub 2021 Feb 22. PMID: 33616801; PMCID: PMC7899074. 

17. Liu STH, Lin HM, Baine I, Wajnberg A, Gumprecht JP, Rahman F, Rodriguez D, 
Tandon P, Bassily-Marcus A, Bander J, Sanky C, Dupper A, Zheng A, Nguyen FT, 
Amanat F, Stadlbauer D, Altman DR, Chen BK, Krammer F, Mendu DR, Firpo-
Betancourt A, Levin MA, Bagiella E, Casadevall A, Cordon-Cardo C, Jhang JS, 
Arinsburg SA, Reich DL, Aberg JA, Bouvier NM. Convalescent plasma treatment 
of severe COVID-19: a propensity score-matched control study. Nat Med. 2020 
Nov; 26(11): 1708-1713. doi: 10.1038/s41591-020-1088-9. Epub 2020 Sep 15. 
PMID: 32934372. 

18. Kai Duan, Bende Liu, Cesheng Li, Huajun Zhang, Ting Yu, Jieming Qu, Min 
Zhou, Li Chen, Shengli Meng, Yong Hu, Cheng Peng, Mingchao Yuan, Jinyan 
Huang, Zejun Wang, Jianhong Yu, Xiaoxiao Gao, Dan Wang, Xiaoqi Yu, Li 
Li, Jiayou Zhang, Xiao Wu, Bei Li, Yanping Xu, Wei Chen, Yan Peng, Yeqin 



P a g e  | 13 

 

 
 

Hu, Lianzhen Lin, Xuefei Liu, Shihe Huang, Zhijun Zhou, Lianghao Zhang, Yue 
Wang, Zhi Zhang, Kun Deng, Zhiwu Xia, Qin Gong, Wei Zhang, Xiaobei 
Zheng, Ying Liu, Huichuan Yang, Dongbo Zhou, Ding Yu, Jifeng Hou, Zhengli 
Shi, Saijuan Chen, Zhu Chen, Xinxin Zhang, and Xiaoming Yang. Effectiveness 
of convalescent plasma therapy in severe COVID-19 patients. Proc Natl Acad Sci 
U S A. 2020 Apr 28; 117(17): 9490-9496. doi: 10.1073/pnas.2004168117.  

 


