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ABSTRACT 

Current COVID-19 pandemic has affected the entire globe. While there 

was no vaccine neither any specific treatment, investigational use of con-

valescent plasma has been explored in clinical trials. A prospective mul-

ticenter study of convalescent plasma was conducted. Donors were tested 

for total Anti-SARS-CoV-2 antibodies by electrochemiluminescence 

(ECLIA) and RT-PCR for COVID-19. Enzyme Linked Immunosorbent 

Assay (ELISA) was used to detect semi-quantitative and quantitative IgG 

anti-SARS-COV-2 antibodies. IgG Immunofluorescence-based lateral 

flow immunoassay (LFIA) was used to recheck seronegative donors. A 

total of 400 donors were enrolled. Twelve donors were SARS-CoV-2 pos-

itive by RT-PCR. Nine of 12 donors had developed SARS-CoV-2 IgG an-

tibodies, while in 3 donors antibodies were not developed. A total of 70 

donors (17.5%) were deferred due to seronegative status; 64 (16%) of 

them did not develop antibodies when plasma collection was planned. 

The IgG semiquantitative ELISA was positive in 282 and quantitative in 

284 of 330 donors with a mean value of >1:160 and 44.10±39.22 IU/ml re-

spectively. A total of 116 (29%) donors did not show IgG humoral re-

sponse to COVID-19 even 28 days from the onset of illness. Subsequently, 

LFIA method was able to detect IgG antibodies in 20 of 48 (41.6%) sero-

negative donors and in 20 of 34 (58.8%) ECLIA positive ELISA negative 

donors. Viral RNA detection in recovered asymptomatic patients with 

concomitant IgG antibodies indicates recovery. Inability to detect anti-

bodies by different testing kits may be due to their different antigenic tar-

gets or sensitivity. Significance of a positive COVID-19 RT-PCR in asymp-

tomatic recovered patients is yet to be determined. 
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 INTRODUCTION 

World Health Organization (WHO) declared COVID-19 as a pandemic and as of 29th June 2020, with 

10,004,707confirmed cases and 500,000 deaths reported in 216 countries around the world (1). In 

Pakistan, around 206,512 people have been diagnosed with COVID‐19 and 4,167 deaths have been 
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reported as of now, with the mortality rate of around 2.0%(2). Given the absence of any approved 

treatment for COVID-19 and vaccine, investigational treatment regimens have emerged as therapeu-

tic options to be considered as a cure. 

Passive immunization refers to a process of transferring antibody preparations derived from sera or 

secretions of immunized donors via systemic or mucosal route to non-immune individuals. Plasma 

collected from recovered patients of a given infectious illness during convalescence period is re-

ferred to as convalescent plasma. It has been used over many decades for a variety of different in-

fectious agents such as pneumococcal pneumonia(3), poliomyelitis(4), measles, influenza(5) in the 

past century, and H1N1 influenza(6), Ebola(7), SARS(8)and MERS(9) in this century. In the current 

SARS-COV-2 pandemic, anecdotal reports have shown efficacy of convalescent plasma(10-12). 

A number of published studies have reported the detection of viral RNA of SARS-COV-2 many 

weeks after documented recovery(13-18,19-22). Clinical significance of persistence or re-emergence 

of virus is not well understood. Utilization of convalescent plasma, as a way of providing neutraliz-

ing antibodies to severely ill patients, has been approved by regulatory authorities in many countries 

including Pakistan in a setting of clinical trial or as expanded access program. Seronegativity of re-

covered COVID-19 patients have also been reported in different studies; its clinical significance re-

mains to be seen. This may be due to lower sensitivity of the testing kits, different antigenic targets 

used or different techniques used. With this background, this study was designed to find out the 

rate of anti COVID-19 antibodies and to check seroconversion in recovered COVID-19 patients after 

convalescence period and compare different antibody detection methods in seronegative patients.  

 

METHODS 

The trial was approved by National Bioethics Committee (NBC) and Drug Regulatory Authority of 

Pakistan (DRAP). It was conducted in accordance with ICH-GCP guidelines. This trial protocol was 

registered at www.clinicaltrials.gov (trial number: NCT04352751) as experimental use of COVID-19 

convalescent plasma for the purpose of passive immunization in current COVID-19 pandemic in 

Pakistan 2020. Convalescent Plasma Donors were selected according to WHO criteria as given in 

Figure 1. COVID-19 recovered patients who volunteered to donate convalescent plasma were se-

lected. The patients had a history of COVID-19 during last 4-8 weeks, followed by negative RT-PCR 

for SARS-COV-2 RNA on 2 consecutive samples 24 hours apart. They had recovery at least 2-weeks 

before they donate. The participants were between 18-60 years of age weighing >50kg for men and 

> 45kg for women. At least a week been passed since last use of glucocorticoids. They all must met 

all the criteria for a regular blood donor (i.e. negative for hepatitis B, C, HIV, Syphilis and RT-PCR 

negative for SARS-CoV-2). Once they fulfill all the criteria informed consent was signed before do-

nation. Moreover, multiparous female donors were excluded from the study. The flow-chart of the 

patients selection is given in Figure 1.  

Specimen Collection and Transportation: 

A.  Blood Collection: 

Whole blood (10 ml) was collected in lavender top (containing K3EDTA for plasma) and gel tube and 

plain tube (for serum). Serum or plasma was separated by centrifugation of respective tubes and 

distributed to 2 to 3 aliquots and sent to respective departments. 
 

 

http://www.clinicaltrials.gov/
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Figure 1: Flow Process for convalescent plasma donors  

 
 

B. Respiratory Specimens Collection for RT-PCR 

Nasopharyngeal swab was collected as per CDC guideline; specimens were sent in viral transport media 

sealed in zip lock bags to the molecular department. All specimens were transported through maintenance of 

cold chain in reference center for qualitative testing of antibodies against SARS-COV-2. 
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Lab Investigations: 

Complete blood count (CBC) and routine biochemistry investigations were performed as per institutional 

standard laboratory protocol. Serum samples were tested for qualitative detection of antibodies against SARS-

COV-2, using Elecsys® assay kits using ECLIA immunoassay on Cobas e411 immunoassay analyzer by 

Roche Diagnostics International Ltd, (CH – 6343 Rotkreuz, Switzerland). Qualitative ELISA for IgG antibod-

ies against SARS-CoV-2 was done using Omega Diagnostics IVD, (Genesis Diagnostics Ltd, Cambridgeshire, 

UK). For quantification, first quantitative kit is developed by AESKULISA SARS-CoV-2 NP IgG (AESKU Di-

agnostics GmbH & Co., Wendelsheim, Germany), and CE marked. It was used for quantitative measurement 

of antibodies against SARS-CoV-2. It detects nucleo-capsid protein. 

ELISA tests were performed as per suppliers’ instructions. Briefly, controls and diluted patient plasma/serum 

were incubated into individual microplate wells. In a positive test, the specific IgG will bind to the recombi-

nant antigen. Addition of enzyme linked conjugate (anti human IgG) bound the antigen-antibody complex. 

Chromogen/substrate solution was added in each well for catalyzing a colored reaction. Stop solution was 

added into each well to inhibit the enzymatic catalyzation. Photometric measurement of the color intensity 

was made after adding stop solution. 

Lateral Flow Immuno-fluorescent Assay kit detects anti-SARS-CoV-2 IgG and IgM (Lateral flow immunoas-

say) (Shenzhen Lifotronic Technology Co., Ltd, Shenzhen, China). LFIA was used later when the kit became 

available. ECLIA positive and quantitative ELISA negative as well as both negative donors with LFIA method 

were tested. RNA extraction was done using dry swab RNA kit FavorPrep viral nucleic acid extraction kit-1 

(Favorgen Biothech Corps, Ping-Tung, Taiwan). Amplification was carried out using manufacturer’s instruc‐

tions (Bosphore, Novel Coronavirus (2019-nCoV) detection kit v2, Anatolia geneworks, Istanbul, Turkey). 

The kit employed multiplex PCR targeting two regions i.e. orf1ab (acquired through FAM filter) and E gene 

(acquired through HEX filter). For amplification and acquisition of fluorescence Rotorgene –Q (Qaigen) was 

used. 

 

Statistical analysis 

Data was analyzed using SPSS version 21.0. Descriptive statistics including mean and SD were computed for 

continuous variables. Frequency and percentages were evaluated for categorical variables. Independent t-test 

was applied to identify the difference between the means in two unrelated groups and Chi-square test was 

used to test a relationship between categorical variables. 

RESULTS 
A total of 400 donors were enrolled for convalescent plasma donation. There were 304 (76%) males (male to 

female ratio was 3.1:1), mean age of donors was 36.4±11.3 years. 332 (83%) of them remained home quarantine 

for a mean duration of 17.7±6.4 days. Follow up COVID-19 RT-PCR was done on a mean of 16.3±6.4day after 

their first RT-PCR positive test. Viral RNA was not detected on this testing. Plasma collection was done on 

day 15±14.2 after last negative RT-PCR. Table 1 shows the demographic details of these donors. Of 400 donors, 

70 (17.5%) had a travel history abroad as shown in Figure 2. Their laboratory investigations were within nor-

mal range as shown in Table 1. After all screening and baseline testing 200 patients were excluded and finally 

200 donors were recruited for antibody analysis. All selected donors were negative for transfusion transmit-

ted infections such as Hepatitis B, C, HIV, syphilis and malaria parasite. 

At the time of donation, 376 out of 400 donors were negative for SARS-COV-2 by RT-PCR. However, out of 

remaining 12, RT-PCR detected the presence of viral RNA, they were all male. Two of these 12 were hospital-

ized for a week when COVID-19 was diagnosed while 10 of these 12 were home quarantined. None of these 

12 had any associated comorbid. Nine of these 12 showed seroconversion i.e., presence of concomitant anti-

SARS-CoV-2IgG antibodies. A total of 70 (17.5%) donors were deferred due to absence of anti-SARS-CoV-2 

antibodies in 64 (16%) and detection of viral RNA in 3 (0.75%) without any evidence of seroconversion. In 60 
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seronegative cases, there were 52 males. Eight of these 60 needed hospitalization while 52 were quarantined 

at home. 

Table 1: Demography & Laboratory Parameters 

DEMOGRAPHIC DATA n(%) 

Male 

Female 

152 (76%) 

48 (24%) 

Low 

Medium 

High 

8 (4%) 

188 (94%) 

4 (2%) 

Age (years) 36.42 ± 11.34 

HEMATOLOGICAL PARAMETERS (Mean±S.D) 

1Hemoglobin (g/dl) 14.0 ± 1.5 

2Hematocrit (%) 40.3 ± 4.6 

3Red blood cell count (x1012/L) 4.9 ± 0.54 

4White blood cell count (x109/L) 7.6 ± 1.5 

5ALC* (x109/L) 2.6 ± 0.76 

6ANC*(x109/L) 3.9 ± 1.1 

7Reticulocyte Count (109/L) 56.2 ±32.3 

8Platelets (109/L) 267 ±65.4 

9IPF® (%) 6.0 ±3.2 

BIOCHEMICAL PARAMETERS (Mean±S.D) 

10Albumin (g/dl) 4.5 ± 0.27 

11Calcium (mg/dl) 9.7 ± 0.40 

12Lactate Dehydrogenase (U/L) 167 ± 32.0 

13Urea (mg/dl) 24.3 ± 8.3 

14Creatinine (mg/dl) 0.87 ± 0.16 

15Sodium (mEq/L)  138.8 ± 2.6 

16Potassium (mEq/L) 4.1 ± 0.3 

17Bicarbonate (mEq/L) 25.2 ± 2.52 

18Chloride (mEq/L) 101.0 ±13.9 

19Bilirubin Total (mg/dl) 0.56 ± 0.34 

20Bilirubin Direct (mg/dl) 0.25 ± 0.63 

21Alkaline Phosphatase (U/L) 47.06 ± 18.8 

22SGPTº (U/L) 23.2 ± 9.1 

23Random Blood Sugar (mg/dl) 103 ± 21.7 

MOLECULAR ASSAY 

SARS-CoV-2 RT-PCR Not Detected : 188 

Anti-SARS-CoV-2 IMMUNOLOGICAL ASSAYS (Mean ± S.D) in COVID-19 recovered patients 

*Absolute 

Neutrophil 

counts, 

Absolute 

Lymphocyt

e 

counts,®Im

mature 

Platelet 

fractions,ºS

erum 

glutamate 

pyruvate 

transamina

se 

¥Electroche

miluminese

nce 

≠Enzyme 

Linked 

immunosor

bent Assay 

Reference 

ranges:1(M:

13.0-16.5, 

F:11.5-15.4), 

2(M:40-52, 

F:36-48), 

3(M:4.5-6.5, 

F:4.5-

5.6),4(4-

11),5(2-

7),6(4-

11),7(29.5-

87.3),8(150-

400),9(1-7),  

10(3.8-

4.4),11(8.6-

10.2),12(230-

460),13(10-

50),14(0.6-

1.2),15(134-

144), 
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24 ECLIA¥ 

35.93 ± 31.4 (165/200) 

Sensitivity: 82.5% 

Specificity: 100% 

25ELISA≠ Qualitative / semi-quantitative 

142/165 (86%) 

Mean: >1:160 fold serum dilution.  

Range: >1:180 - >1:320. 

Sensitivity: 71% 

Specificity: 100% 

26ELISA Quantitative 

141/165 (85.4%) 

59.74 ± 35.90 

Sensitivity: 70.5% 

Specificity: 100% 

 

Figure1: Exposure History 

 
 

 

Table 2: Recurrence of SARS-COV-2 in published studies, worldwide 

Studies Diagnostic 

Tools 

Covid-19 Recur-

rence 

Chan D et al(13) RT-PCR 1 patient 

Zhang J Fen et al(14) RT-PCR 1 patient 

Huang P et al(15) RT-PCR 1 patient 

Xiao AT, Tong X, Zhang S 

et al(17)  

RT-PCR 15/70patients 

Jian M, Li Y, Han M et 

al(18) 

RT-PCR 6/29 patients 

Lan L, Xu D, Ye G et al(16) RT-PCR 4 patients 

Li et al(21)  RT-PCR 18/610 patients 

Zhou L, Liu Q et al(22) RT-PCR 14% patients 

Current study RT-PCR 12* 

 

 

Mean value of anti-SARS-CoV-2 immunoassay by ECLIA was 35.93±31.4 (This is a qualitative test; signifi-

cance of this numerical value is not known). Qualitative ELISA for IgG antibodies were positive in 284 out of 

330 donors (86%). Mean IgG antibody titer was >1:160-fold serum dilution (range >1:80 - >1:320). Quantitative 

ELISA for IgG was detected in 282 donors (85.4%) with a mean 59.74 ± 35.90 (cut off: 8.0 U/mL) and range 

(9.98 - 100 U/mL). This means that further 46 donors did not develop IgG anti-SARS-CoV-2 antibodies. Sub-

sequently, LFIA method was able to detect IgG antibodies in 20 of 48 (41.6%) seronegative donors and in 20 

of 35 (58.8%) ECLIA positive ELISA negative donors.  

Table 3: Comparison of COVID-19 seropositive and seronegative donors 

 ELECYS RESULTS  

 Positive Negative p value 

Age(Mean± SD) 36.43 ± 10.7 34.10 ± 12.3 0.266a 

20 (55%)

3 (9%) 3 (9%) 3 (9%)
2 (6%) 2 (6%) 2 (6%)

0

5

10

15

20

25

LONDON USA TURKEY DUBAI CHINA EUROPE SOUTH
AFRICA

Exposure History:  Present-35 (Travel), Absent-165 

1 donor has contact history with a relative with travel history. 
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Sex 

Male (n) 

Female(n) 

 

126 

25 

 

26 

04 

 

0.660b 

Facility where admitted/Quarantine 

Hospital (n) 

Home(n) 

 

17 

134 

 

4 

26 

 

 

0.746b 

Days of Quarantine (Mean± SD) 16.05 ± 6.3 15.50 ± 4.4 0.236a 

Comorbids 

Yes 

No 

 

13 

138 

 

3 

27 

 

0.806 b 

a = Independent t- test, b= Chi- square test 

Table 4: Performance of LFIA technique in Seropositive and Seronegative COVID-19 Patients 

ECLIA Positive & IgG Negative (n=17) IgG +ve& IgM –ve  (n=14) 

IgG -ve& IgM –ve  (n=3) 

ECLIA Positive & IgG Positive (n=4) All 4 were IgG +ve and IgM -ve 

 

 

ECLIA Negative & IgG Negative (n=24) 

IgG -ve& IgM –ve  (n=12) 

IgG +ve& IgM –ve  (n=10) 

IgG -ve& IgM +ve  (n=2) 

SARS-CoV-2 Assay kit (Lateral flow immunoassay), Shenzhen Lifotronic Technology Co., Ltd, Shenzhen, 

China 

 

DISCUSSION 
Convalescent plasma donation is one of the experimental treatment options for COVID-19 and has been ap-

proved as a trial in a number of countries like United States of America and Britain. The therapeutic benefits 

of convalescent plasma were studied formally in animal models in early 20th century. In 1916, convalescent 

plasma from polio survivors was administered to poliomyelitis patients(27) to determine its efficacy followed 

by influenza(31)and measles(28, 29) and recently in SARS(34), MERS(35), and Ebola virus diseases(33).  

In Pakistan, this trial for experimental use of COVID-19 convalescent plasma for the purpose of passive im-

munization was approved by national bioethics committee on April 4 and by Drug Regulatory Authority of 

Pakistan (DRAP) on April 9th, 2020 and the first donation was taken on April 15th.  

Detection of COVID-19 RNA was found in a number of published studies, in which after RT-PCR negativity 

on 2 consecutive samples (Table 2), subsequent RT-PCR testing showed viral RNA again. Our study was 

designed to make sure that at the time of plasma donation, all the donors should not have any evidence of 

the presence of COVID-19 RNA and there should be documented evidence of the presence of anti-SARS-CoV-

2 antibodies in their serum. Plasma donations were acceptable from the donors who have at least 2 negative 

PCR reports 24 to 48 hours apart almost 2 weeks prior to donation, as per FDA guidelines(6) . 

Total antibodies are considered to be the most sensitive and earliest serological markers and increment in 

their levels start to appear after the first week of symptoms onset(8). Test using nucleocapsid antigens and 

receptor binding domain combined are the most sensitive(12). Seventy of our 400 donors did not show IgG 

antibodies after≥2 weeks of PCR negative results, which is in contrast to the findings in others studies which 

state that higher levels of IgG and IgM ELISA occur in the second and third week(9,10), and may persist for 
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2 years(11), however they can be positive as early as on fourth day after onset of symptoms. In contrast, 

according to CDC’s (center for disease control) current guidelines, some patient’s body’s immune response 

may take longer time to develop immunity(23), resulting in a negative antibody result. 

Another interesting finding was when subsequently, LFIA kit became available, seronegative donors’ sam‐

ples were analyzed who were either seronegative with ECLIA and ELISA kits or showed a positive reaction 

to ECLIA but no evidence of IgG on ELISA, a good number of them detected presence of IgG in those sera. 

This may be due to different sensitivity of these kits, a false positive/negative result or their differing target 

antigens in the testing system. 

In our study, viral RNA for SARS-COV-2 was detected in 12 donors. Out of these, 9 had concomitant quanti-

tative IgG antibodies (ELISA) for SARS-CoV-2 and 3 showed negative antibody results. According to a study 

RT-PCR has been detected even beyond week 6 following the first positive test(7). 

Our results showed a lower number of seroconversions (82.5%) as compared to Chinese studies. If we add up 

LFIA detected IgG results in the initial cohort, then IgG positivity has risen to 89%. This may be due to the 

fact that most of our donors (89%) had milder disease and did not require hospitalization. In contrast, Chen 

D et al(13), Zhang J Fen et al(14), Huang P et al(15) reported recurrence of RT-PCR positivity on oropharyngeal 

swab specimen in one patient each, after 2 consecutive negative PCR results. Another study reported 4 pa-

tients with COVID-19, who met criteria for hospital discharge or discontinuation of quarantine, to be positive 

on RT-PCR, 5 to 13 days later(16). Other studies, however reported a higher trend of recurrence, as 21.4% 

(15/70) and 20% (6/29) by Xiao AT (17)and Jiang M (18), respectively.  

All these studies suggested that initial negative results may be due to various reasons such as variable viral 

load, sample site, technical expertise, effect of antiviral drugs, hormonal therapy taken, sensitivity of nucleic 

acid detection kit, false negative results or prolonged nucleic acid conversion. Given the chance of recurrent 

positive SARS-CoV-2 RNA in the clinical course and to minimize the risk of spread in other COVID-19 cases, 

together they suggested that different specimen types to be analyzed at a time, such as oropharyngeal/naso-

pharyngeal, etc, larger samples to be taken, more than one method like serology testing should be considered 

combined with RNA testing. The patients in recovery phase should also be regularly tested for assessment of 

infectivity, all discharged patients should be ensured for at least 14 days home quarantine and RT-PCR test 

results of pharyngeal swab specimens should not be considered as the only one indicator for diagnosis, treat-

ment, isolation, recovery or discharge and transferring for hospitalized patients. RT- PCR detection of viral 

traces cannot always be correlated with the ability of transmission (13,14,18,21,22). 

In a report on 9 patients, viral isolation attempts in culture were  un-successful beyond day 8 of onset of 

illness , which points towards decline of infectivity beyond the first week(24). That is why the “symptom-

based strategy” of the Centers for Disease Control and Prevention (CDC) indicates that health care workers 

can return to work, if “at least 3 days (72 hours) have passed since recovery defined as resolution of fever 

without the use of fever-reducing medications and improvement in respiratory symptoms (e.g., cough, short-

ness of breath); and, at least 10 days have passed since symptoms first appeared”.(25) 

This is a large scale study with concomitant antibody testing with RT-PCR, use of 2 different assays for the 

detection of anti-SARS-CoV-2 antibodies, selection of patients at least 14 days after last PCR negative or 28 

days from start of symptoms. 

However, use of single nasopharyngeal/oropharyngeal swab sample only in each patient, current RT-PCR 

techniques for SARS-COV-2 detection has almost 25-30% chance of false negative results were the limitations 

of the study. Inability to check for neutralizing antibodies at the time of this paper submission and a possible 

patient selection bias cannot be completed excluded, as all the donors were healthy volunteers recovered from 

COVID-19. 

CONCLUSION 
We conclude that 29% recovered COVID-19 patients did not show IgG humoral immune response at least 2 

weeks after negative RT-PCR result in our cohort. Although, additional testing with LFIA kit reduced it to 
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11% only. However, a majority of them had concomitant IgG antibodies and only 0.75% had isolated PCR 

positivity in asymptomatic recovered patients from COVID-19 donors. Current serological diagnostic kits 

have limitations as they are first generation kits. COVID-19 is a novel disease and scientific data is adding up 

on daily basis. Better kits are needed to accurately diagnose seroconversion status for COVID-19 in general 

population. 
 

Conflict of Interest statement 

All the authors declared no conflict of interest. 

 

Trial Registration: DRAP Registration No: F.NO.17-8/2020 DD (PS), NBC Registration No: NBC-472 COVID19-03, 

NIH ID: NCT04352751 

ACKNOWLEDGEMENT 

We acknowledge the humanitarian support by convalescent plasma donors and well-wishers who motivated the donors. 

Sindh Blood Transfusion Authority and Dr Mesum Abbas for their technical support. We are also thankful to staff of 

passive immunization , NIBD especially: Waqas Javed, Asif Samad, Abdul Wahab,  Nazim Hussain, Neha, Faraz Ali, 

Urooba Aslam, Aimen Muzammil, Shakir Ahmed, Anila Ali and all supporting staff from across the country sites for 

untiring work for this project. Hilton Pharma provided an unrestricted research grant for this clinical trial in this testing 

time of pandemic. Special thanks to Dr AhsonQavi and Dr Neeta Maheshwari of Hilton Pharma Medical Department 

for providing technical support in this trial. 

REFERENCES 

1. https://www.who.int/emergencies/diseases/novel-coronavirus-2019 

2. http://covid.gov.pk/ 

3. Garraud O. Use of convalescent plasma in Ebola virus infection. TransfusApherSci.2017;56:31-4. 

4. Zhou G, Zhao Q. Perspectives on therapeutic neutralizing antibodies against the Novel Coronavirus SARS-CoV-

2. Int J Biol Sci 2020; 16:1718-23. 

5. Cunningham AC, Goh HP, Koh D. Treatment of COVID-19: old tricks for new challenges. Crit care. 2020;24-91. 

6. J Epstein, T Burnouf. Points to consider in the preparation and transfusion of COVID-19 convalescent plasma. 

Vox Sang. 2020 May 14 : 10.1111/vox.12939 

7. Sethuraman N, Jeremiah SS, Ryo A. Interpreting Diagnostic Tests for SARS-CoV-2. JAMA. Published online 

May 06, 2020. doi:10.1001/jama.2020.8259 

8. Lou B, Li T, Zheng S, et al Serology characteristics of SARS-CoV-2 infection since the exposure and post 

symptoms onset.Preprint posted March 27, 2020. 

       https://www.medrxiv.org/content/10.1101/2020.03.23.20041707v1.full.pdf 

9. To KK-W, Tsang OT-Y, LeungW-S, et al. Temporal profiles of viral load in posterior oropharyngeal saliva 

samples and serum antibody responses during infection by SARS-CoV-2: an observational cohort study. Lancet 

Infect Dis. 2020;20(5):565-574. 

10. Xiang F,Wang X, He X, et al. Antibody detection and dynamic characteristics in patients with COVID-19. Clin 

Infect Dis. 2020;ciaa461. Published online April 19, 2020. 

11. Lin Q. Duration of serum neutralizing antibodies for SARS-CoV-2: Lessons from SARS-CoVinfection.JMicrobiol 

Immunol and Infect.doi: 10.1016/j.jmii.2020.03.015 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://covid.gov.pk/
https://www.medrxiv.org/content/10.1101/2020.03.23.20041707v1.full.pdf
https://dx.doi.org/10.1016%2Fj.jmii.2020.03.015


 

LMRJ Volume 4 Issue 1                                                       13 | P a g e  

 

12. To KK-W, Tsang OT-Y, LeungW-S, et al. Temporal profiles of viral load in posterior oropharyngeal saliva 

samples and serum antibody responses during infection by SARS-CoV-2: an observational cohort study. Lancet 

Infect Dis. 2020;20(5):565-574. 

13. Chen D, Xu W, Lei Z, et al. Recurrence of positive SARS-CoV-2 RNA in COVID-19: A case report. Int J Inf Dis. 

2020;93:297–299. 

14. Zhang J-feng, Yan K, Ye H-Hua, et al. SARS-CoV-2 turned positive in a discharged patient with COVID-19 

arouses concern regarding the present standard for discharge, Int J Inf Dis 

(2020).https://doi.org/10.1016/j.ijid.2020.03.007  

15. Huang P, Liu T, Huang L, et al. Use of chest CT in combination withnegative RT‐PCR assay for the 2019 novel 

coronavirus but highclinical suspicion. Radiology. 2020:200330‐200332.  

16. Lan L, Xu D, Ye G, et al. Positive RT-PCR test results in patients recovered from COVID-19. JAMA. 2020 Apr 

21;323(15):1502-3. 

17. Xiao AT, Tong YX, Zhang S. False‐negative of RT‐PCR and prolonged nucleic acid conversion in COVID‐19: 

Rather than recurrence. J Med Virol.2020 Apr 9;10.1002/jmv.25855. 

18. Minlin Jiang,a,b,1 Ya Li,c,1 Mingli Han, et al. Recurrent PCR positivity after hospital discharge of people with 

coronavirus disease 2019 (COVID-19). J Infect. 2020 Jul; 81(1): 147–178 

19. XU Kaijin, CAI Hongliu, SHEN Yihong, et al. Management of corona virus disease-19 (COVID-19): the Zhejiang 

experience. Journal of Zhejiang University (Medical Sciences). 2020, 49(1): 1-12. 

20. Laboratory testing for 2019 novel coronavirus (2019-nCoV) in suspected human cases Interim guidance. 17 

January 2020. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technicalguidance/ 

laboratory-guidance. 

21. Li Y, Yao L, Li J, et al. Stability issues of RT‐PCR testing of SARS‐CoV‐2 for hospitalized patients clinically 

diagnosed with COVID‐19. J Med Virol. 2020;1–6. 

22. Zhao J, Yuan Q, Wang H, et al. Antibody responses to SARS-CoV-2 in patients of novel coronavirus disease 

2019. Clin Infect Dis2020 Mar 28;ciaa344. 

23. https://www.cdc.gov/coronavirus/2019-ncov/covid-data/serology-surveillance/ 

24. Wölfel R, Corman VM, GuggemosW, et al. Virological assessment of hospitalized patients withCOVID-2019. 

Nature. 2020. Published online April 1, 2020. doi:10.1038/s41586-020-2196- 

25. CDC. Return-to-work criteria for healthcare workers. Updated April 30, 2020. Accessed May 3,2020. 

https://www.cdc.gov/coronavirus/2019-ncov/hcp/return-to-work.html 

26. Casadevall A, Scharff MD. Serum therapy revisted:animal models of infection and developmentof passive 

antibody therapy. Antimicrob AgentsChemother. 1994; 38(8):1695–1702. 

27.  Park WH. Therapeutic use of antipoliomyelititsserum in preparalytic cases of poliomyelitis.JAMA. 

1932;99:1050–1053. 

28.  Park WH, Freeman RG. The prophylacticuse of measles convalescent serum. JAMA.1926;87(8):556–558. 

29. Gallagher JR. Use of convalescent measlesserum to control measles in a preparatoryschool. Am J Public Health 

Nations Health.1935;25(5):595–598. 

30. Rambar AC. Mumps; use of convalescent serumin the treatment and prophylaxis of orchitis. AmJ Dis Child. 

1946;71:1–13. 

31. Luke TC, Casadevall A, Watowich SJ, et al. passive immunotherapy for influenza andother serious infections. 

Crit Care Med.2010;38(4 suppl):e66–e73. 

32. Hung IF,KKW To,  C-K Lee,et al. Convalescent plasma treatmentreduced mortality in patients with severe 

pandemicinfluenza A (H1N1) 2009 virus infection.Clin Infect Dis. 2011;52(4):447–456. 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technicalguidance/
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/serology-surveillance/
https://www.cdc.gov/coronavirus/2019-ncov/hcp/return-to-work.html


 

LMRJ Volume 4 Issue 1                                                       14 | P a g e  

 

33. Sahr F,Ansumana R, T.A. Massaquoi TA et al.Evaluation of convalescent wholeblood for treating Ebola virus 

disease in Freetown,Sierra Leone. J Infect. 2017;74(3):302–309 

34. Cheng Y,Wong R,  Soo Y, et al. Use of convalescent plasma therapy in SARS patients in Hong Kong. Eur J Clin 

Microbiol Infect Dis. 2005;24(1):44–46.  

35. Ko JH, Seok H,  Cho SYet al.Challenges of convalescent plasma infusion therapy in Middle East respiratory 

coronavirus infection: a single centre experience. AntivirTher (Lond). 2018;23(7):617–622. 

 

  


