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Background: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a novel coronavirus causing coronavirus disease 2019
(COVID-19); it is diagnosed based on clinical signs and laboratory detection methods such as polymerase chain reaction (PCR) and
serological techniques. Objective: The objective of the study is to use other diagnostic methods that support the PCR method of
diagnosis for COVID-19. Materials and Methods: The study included 90 COVID-19 patients and 26 control group. Nasopharyngeal
swabs were collected from the suspected patients with COVID-19 infection for the detection of the RNA virus by PCR technique.
If the PCR was positive, the serum samples were collected and used for the quantitative detection of SARS-CoV-2 S1 (IgM, IgG)
by using enzyme linked immunosorbent assay. Results: The result of this study showed that in a total of 116 participants, there was
a significant difference between IgM and IgG reactivity (+) and the number of PCR-positive and negative individuals with P value
<0.0001 and P value = 0.003, respectively. In addition, a significant increase in the levels of IgM and IgG (P < 0.0001 for IgM and
P <0.0001 for IgG) was recorded in patients compared with healthy control. Moreover, a significant correlation between IgM level
with P = 0.0018 and the onset of symptoms as well as positive correlation was noticed between IgG concentration and the onset of
symptoms (P = 0.0272). Conclusion: The study concluded that antibodies developed against COVID-19 infection could appear at early
stages of the infection without the confirmation of real time polymerase chain reaction, and this could be a beneficial tool for early
screening of suspected as well as asymptomatic individuals.
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INTRODUCTION systems are in charge of defending the body against outside

The coronavirus disease 2019 (COVID-19) is caused by the agents that can impair the functions of healthy cells. One

) . of the most significant foreign substances that enter the
severe acute respiratory syndrome coronavirus 2 (SARS- human body is a virus. which trieeers the immune svstem
CoV-2). The first report of the SARS-CoV-2 was in Y ’ 58 Y

. . : to produce antibodies against them.” Clinical laboratories
December 2019 in Wuhan, China."? Coronaviruses have P £

. . commonly use serum-specific IgM and IgG detection to
mutations on their outer surface that resemble crowns, hence fFer i . . . . .
i . . offer information about the virus infection time course.
the name.?# It belongs to the subfamily Orthocoronavirinae L . oo
. =" ) . During infection, IgM antibodies are created as a first
within the Coronaviridae family. The Orthocoronavirnae . o s
. . . line of defense, and these antibodies are utilized to assess
subfamily was divided into four genera, based on phylogeny . .
. ) . the acute phase of infection because they suggest recent
bunching. Alpha and beta coronaviruses are only found in
mammals.” The clinical specimens that are used to diagnose
coronaviruses involve nasal secretions, blood and sputum,
and bronchoalveolar lavage. Although the polymerase
chain reaction (PCR) technique is the gold standard for
identifying COVID-19, there are additional laboratory
diagnostic procedures that can be performed.’ The immune
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exposure. IgG antibodies, on the other hand, are produced
thereafter to offer long-term immunity and immunological
memory.® Serological studies look for antibodies to various
viral proteins and can assist in measuring COVID-19 disease
prevalence in asymptomatic infections and reveal whether
a person has been exposed to this virus before or had a
past infection® and are recommended when diagnosing
patients who have considerable epidemiological evidence
of COVID-19 infection but a negative real time polymerase
chain reaction (RT-PCR) test, as well as when diagnosing
patients more than 7 days after the onset of symptoms and
clinical evidence of COVID-19 infection.'™!? The RT-PCR
detection of viral nucleic acid is one of the most established
laboratory diagnostic procedures and is a specific type of
PCR that is used to identify RNA, and it is presently being
used to detect SARS-CoV-2. Because it directly detects the
presence of viral RNA, this type of test is widely employed
as a frontline test for COVID-19.1¥l The RT-PCR technology
involves the extraction of RNA from clinical specimens
using RNA isolation kits.'"¥ Following this, the synthesis
of complementary DNA takes place, which is used as a
template.") The PCR amplification uses specific primers
and probes dedicated to the viral genomes (RdRp) as well as
the N gene of SARS-CoV-2 virus.'¥ The PCR machine then
uses thermo-cycling conditions of increasing and decreasing
temperature to allow the magnification of the targets in a
multiplex manner.!'"” However, the PCR approach is still
a diagnostic procedure that requires laboratories and
specialized equipment, which are not readily available in
sufficient quantities to handle high numbers of disease
cases, particularly during peak periods.'8 The aim of the
study is to use other diagnostic methods that support the
PCR method of diagnosis for COVID-19 and can be used
in special studies to follow up on the epidemiology of the
pandemic.

MareriaLs AND MEeTHODS

Study setting and period

The study was carried out at the Shifaa 14 Hospital in
Kirkuk city during the period between December 2021
and February 2022.

Sample collection and processing

The samples were randomly collected from 90 patients and
26 controls, the healthy group, taking in consideration the
time of symptom onset in the patient group. Nasopharyngeal
swabs were collected from all patients who were suspected
to have COVID-19 infection. All swabs were placed in viral
transport media and submitted for viral RNA extraction.
All extraction procedures were performed according to
the manufacturer’s instructions (Kogenebiotech, Korea).
Following this step, the eluted RNA generated from the
extraction process was introduced to the master mix protocol;
this involves mixing 18.3 pL of RT-PCR reaction buffer and
1.7 uL of RT-PCR enzyme (Aehealth, United Kingdom).

Table 1: Thermal cycling setting of PCR technology

Steps Temperature Duration Cycle

1 50°C 10 min 1

2 95°C 3 min 1

3 95°C 5s 45
60°C 35sor20s

The master mix was loaded to each dedicated PCR tube
at 20mL/well, and 20mL of eluted RNA was loaded to
each PCR tube. Next, the tubes were admitted to RT-PCR
machine (Sacace Sacyclers 96, Italy). The thermo-cycling
condition is displayed in Table 1. The result interpretation
considered FAM channel for ORF1ab gene and VIC channel
for N gene. A positive result was obtained if Ct value was
<38 and the amplification curve was S-shaped, whereas if Ct
> 40 in the FAM channel, then it is considered as negative.
Some of the PCR amplification curves are shown in Figure
1. If the PCR was positive, venous blood was extracted
and centrifuged to obtain serum, which will be utilized for
the detection of quantitative SARS-CoV-2 IgM and IgG
antibodies (Abs) via enzyme linked immunosorbent assay
(ELISA) antibodies assay (AESKULISA Diagnostics,
Germany) according to the manufacture instruction.
The interpretation of ELISA results (IgG and IgM) was
performed according to a cutoff value of >10 for positive
result and less than 10 for negative results.

Statistical analysis

The statistical analysis was performed using Graph Pad
Prism software version 5 (Graph Pad Prism Software Inc.,
San Diego, CA) and used the Mann—Whitney T test and
chi-square test. A P value <0.05 was considered significant.

Ethical approval

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of
Helsinki. It was carried out with patients’ verbal and
analytical approval before the sample was taken. The study
protocol and the subject information and consent form
were reviewed and approved by a local ethics committee
in the Kirkuk Directorate of Health, Iraq according to the
document number (42463) on 9/12/2021.

ResuLts

The study was conducted in Kirkuk city and enrolled 90
patients confirmed with RT-PCR for SARS-CoV-2 and
in addition 26 healthy subjects. The data obtained from
RT-PCR are illustrated in the graph below [Figure 1].

The current study illustrated that the highest levels of IgM
(mean = 14.53) and IgG (mean = 17.22) were recorded in
patients with COVID-19 compared with healthy control
[IgM (7.76) and IgG (9.07)] with significant differences
between the tested and control groups (P value < 0.0001
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Figure 1: Multiplex RT-PCR amplification curves obtained from SARS-CoV-2 positive patients illustrating FAM channel for ORF1ab, VIC channel for

N gene, and Cy5 for internal control

for IgM and P < 0.0001 for IgG) when Mann—Whitney
test was applied [Figure 2].

The data in Table 2 showed a comparison between IgM
reactivity (*) and the number of PCR-positive and
-negative individuals in a total of 116 persons [90 PCR-
confirmed COVID-19-positive patients (77.59%) and 26
controls (22.41%)]; the IgM positive were only 51 (43.97%),
whereas 65 (56.03%) participants were negative using Qi
square test, which indicated a significant difference with
P <0.0001 between them.

Equally, Table 3 showed the IgG reactivity () compared
with PCR results in all groups via Qi square test; there
was a significant difference between them with P = 0.003,
with a total number of test individuals of 116, of which
90 (77.59%) were PCR-confirmed COVID-19-positive
patients and 26 (22.41%) were COVID-19-negative people.
The IgG results were positive in 69 (59.48%) participants
and were negative in 47 (40.52%).

The data displayed in Table 4 indicate that anti-SARS-
CoV-2-specific IgM and [gG antibodies were not detectable

in the very early days of infection (from day 0 to day 3).
Anti-SARS-CoV-2-specific IgM antibody was recorded
from day 4 onward; the [gM antibody titers increased over
time, peaking at approximately day 20 and then began to
decline, whereas anti-SARS-CoV-2-specific IgG antibody
was noticed from day 7 onward, peaking at approximately
day 25. The sensitivity recording for both IgM and IgG
ELISA was 43.96% and 59.48%, respectively.

When the patients were grouped depending on the time
of disease onset, the data demonstrated moderate positive
significant correlation between IgM concentration
(P = 0.0018 with r = 0.3252) and the onset of symptoms
using Spearman correlation test [Figure 3]. Likewise, weak
positive correlation was found between IgG concentration
and the onset of symptoms (P = 0.0272 with r = 2328) as
illustrated in Figure 4.

The antibodies generated against COVID-19 in both
PCR-positive patients and healthy controls were arranged
as follows: in the patient group, 49 (54%) developed both
IgM+/1gG+ Abs, whereas in the control group, neither of
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Figure 2: Comparison of IgM and IgG levels between patients and the control group (P value = 0.0001 for IgM and P value = 0.0001 for IgG)

Table 2: Qi square comparisons of IgM results with PCR-positive COVID-19 in a total of 116 participants, P = 0.0001

Comparison of RT-PCR with IgM Positive Negative Total P value
No. % No. %

PCR 90 77.59 26 22.41 116 <0.0001

IgM 51 43.97 65 56.03 116

Table 3: Qi square comparisons of IgG results with PCR-positive COVID-19 in a total of 116 individuals, P = 0.003

Comparison of RT-PCR with IgG Positive Negative Total P value
No. % No. %

PCR 90 77.59 26 22.41 116 0.003

1gG 69 59.48 47 40.52 116

them was positive, and those patients with IgM—/IgG+ DiscussIioN

were 18 (20%), and in the control group, there are only
two (8%) participants. In the patient group, the number
of IgM+/IgG— was only 2 (2%), and none in the control
group were found to be positive. Finally, 21 (23%) of
COVID-19 patients were both I[gM—/IgG—, whereas in the
control group, 24 (92%) were IgM—/IgG— as elucidated in
Table 5.

The study was based on the RT-PCR detection of SARS-
CoV-2 in clinically ill patients who have been hospitalized for
a while using the standard method of confirmation despite
some limitations associated with this technique.!” The disease
has been reported to cause illness globally, and laboratories
around the world collaborated to develop more information
as well as diagnostic tools to control the infection.?”
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This study included 116 participants who were tested for
COVID-19 RT and compared with ELISA immunoassay
results for detecting SARS-CoV-2-specific IgM and IgG.
Samples from COVID-19 cases obtained during the
disease or convalescence stages were initially confirmed
by RT-PCR. In addition, these specimens have been
re-tested to obtain double confirmation and considered as
true positives. Despite the fact that RT-PCR is the gold
standard for confirmation, several factors including the
quality of sampling and the amount of virus recovered
during specimen collection, as well as the amount of RNA
extracted, might affect its sensitivity.?!-23]

In the patient group, some of them had not yet developed
neither IgM nor IgG as this requires 2 weeks for IgM
to develop and more than 3 weeks for IgG to emerge®*;
despite the fact that all patients were PCR positive, still
the exact date of onset of symptoms was not indicated
accurately by some or even most of the patients.”> Our
results indicated that some of the patients were able to

Table 4: The number of IgM- and IgG-positive results
according to the days of symptom onset (n = 90)

ELISA parameters in the patient group

Time of symptom onset (days) IgM + lgG+
No. % No. %
0-7 6 12 11 16
8-14 28 55 35 52
215 17 33 21 31
Total 51 100 67 100

IgM sensitivity = 43.96%
1gG sensitivity = 59.48%

develop IgM Abs at around day 4 of the disease onset,
and this is in agreement with Lee et al., who described
the development of IgM Abs after 3-6 days of infection
and after 8 days for IgG Abs.?¥ These results are not in
parallel with other study, which reported an average of
14 days for Abs to develop against COVID-19 infection.?¢

Our data revealed that most of the patients were able
to develop IgM Abs at around 8-14 days of the initial
infection with COVID-19, and this is probably due to the
variation of time point at which the blood was extracted
from each participant, in addition to the immune status
of each individual.?? However, in the case of IgG, a
positive result indicates that there might be a previous
infection or the patient could be at some point of late
COVID-19 infection; therefore, it is vital to differentiate
between the infection stages,” in order to have an idea
about the management options for each patient. This
suggests that even in the case of having undetectable
IgM/IgG Abs, the infection with COVID-19 cannot
be ruled out, and re-testing for Abs screening after few
days is highly advised.? Hence, Abs screening is highly
recommended for the diagnosis of COVID-19; yet in the
early stages of the disease, the diagnosis cannot relied on
Abs screening as seroconversion may occur at around
20 days of infection.””” However, some researches have
pointed out to the seroconversion as an early as 4 days of
the symptom onset.?® On the other hand, patients with
positive PCR for COVID-19 and negative for IgM/IgG
Abs could reflect a true negative status in which Abs have
not produced yet or there might be some sort of defective
immune response. Nevertheless, conducting Abs screening
can provide a mean of sensitive method to detect COVID-
19 in those who have symptoms or asymptomatic with
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Figure 3: Correlation of days of symptoms with IgM levels (P = 0.0018)
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Figure 4: Correlation of days of symptoms with IgG levels (P = 0.0272)

Table 5: Results of IgM and IgG antibodies for COVID-19 by
ELISA immunoassay

COVID-19 ELISA tests Patients Control Total
No. % No. %

IgM+, IgG+ 49 54 0 0 49

IgM—, IgG+ 18 20 2 8 20

IgM+, IgG— 2 2 0 0 2

IgM-, IgG— 21 23 24 92 45

Total 90 99.9 26 99.9 116

negative RT-PCR results.? Over that, performing Abs
screening can provide a better epidemiological picture on
the prevalence of infection in the community and those
worker in the health sector who may or not have symptoms
or in the case of lacking the facility for a confirmatory
method such as RT-PCR.*!

The present study exhibited that an elevated
concentration of IgM and IgG was recorded in patients
with COVID-19 compared to healthy controls, with
significant (P < 0.0001) differences between the two
groups. This finding is in agreement with Guo ef al., who
reported similar results to the one reported here.[?33%
Conversely, the Abs test for SARS-CoV-2 is of crucial
benefit in the case of RT-PCR negative, but it does have
some drawbacks including the inability to discriminate

whether the IgG level is due to past infection or is
the result of seroconversion.B'*? Over that, the low
specificity for Abs to recognize spike protein of SARS-
CoV-2 from other coronavirus family could mask a
definitive diagnosis as they share the same spike protein
in the family of corona, and cross-reactivity could yield
false positive data.(334

In our study, when the patients were grouped according
to the time between the onset of disease and testing
for Abs development, the data demonstrated a positive
statistical relation between IgM and IgG levels and
the time of onset of symptoms (P value = 0.0018 and
0.0272, respectively). These data are in agreement with
other studies that confirmed the correlation between the
onset of the symptoms with increased Abs to COVID-
19 infection,!>* whereas it disagrees with Van Elslande
et al. who recorded seroconversion at later days of initial
infection.?3

On the other hand, the amount of Abs generated against
SARS-CoV-2 could widely vary between individuals
since the infection has recently emerged, and the immune
response to the disease is not fully understood.?®

The sensitivity recording for both IgM and IgG ELISA
used in this research was 43.96% and 59.48%, respectively;
these findings disagree with other researches who reported
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elevated sensitivity for both IgM and IgG Abs test for
patients infected with COVID-19.B%37 On the other hand,
it is in conflict with Zhao et al. who mentioned very low
sensitivity of both IgM and IgG tests when performed at
early days of patient admission.*

The low sensitivity reported in this research for both
IgM and IgG suggests that the time of sample collection
was greatly varied among patients as well as some of
them were hospitalized for few days to a couple of weeks
since the appearance of the symptoms, and this could
greatly influence the generation of Abs against the virus
in addition to other cofactors such as the immune status
of the patient and the coexistence of other diseases.

ConcLusIoN

In this study, we conclude that Abs developed against
COVID-19 infection could emerge at early stages of the
infection, and this could offer a useful mean to early screen
individuals who have symptoms or even asymptomatic
with the lack of PCR confirmation.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Amen SO, Rasool BQ, Yousif SH, Shakir SS, Shekho BS. The
frequency of persistent symptoms after acute COVID-19 among
Iraqi patients. Med J Babylon 2021;18:235.

2. Saeed HK, Tawfeek F, Al Abbasi A, Sultan SSN, Tag MM.
Retrospective study about fear from COVID-19 that makes the
patients reluctant to present to otolaryngology outpatients clinic in
Medina of Basra Province in Iraq. Med J Babylon 2021;18:312.

3. Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. COVID-
19 infection: Origin, transmission, and characteristics of human
coronaviruses. J Adv Res 2020;24:91-8.

4. Manivannan M, Jogalekar MP, Kavitha MS, Maran BAYV,
Gangadaran P. A mini-review on the effects of COVID-19 on
younger individuals. Exp Biol Med (Maywood) 2021;246:293-7.

5. Ghareeb O, Ramadhan S. COVID-19—A novel zoonotic disease:
Origin, prevention and control. Pak J Med Heal Sci 2021;15:221-3.

6. Kannan S, Shaik Syed Ali P, Sheeza A, Hemalatha K. COVID-19
(novel coronavirus 2019)—Recent trends. Eur Rev Med Pharmacol
Sci 2020;24:2006-11.

7. Mustafa KN. The relationship between blood groups, lifestyle and
infection with COVID-19 in Nineveh Governorate-Iraq. Ann Rom
Soc Cell Biol 2021;24:9058-63.

8. WangQ,DuQ, GuoB,MuD, LuX, MaQ, et al. Amethod to prevent
SARS-CoV-2 IgM false positives in gold immunochromatography
and enzyme-linked immunosorbent assays. J Clin Microbiol
2020;58:¢00375-20.

9. West RM, Kobokovich A, Connell N, Gronvall GK. Antibody
(serology) tests for COVID-19: A case study. Msphere
2021;6:200201-21.

10. GeurtsvanKessel CH, Okba NMA, IgloiZ, Bogers S, Embregts CWE,
Laksono BM, et al. An evaluation of COVID-19 serological assays
informs future diagnostics and exposure assessment. Nat Commun
2020;11:3436.

11. Rastawicki W, Rokosz-Chudziak N. Characteristics and assessment
of the usefulness of serological tests in the diagnostic of infections
caused by coronavirus SARS-CoV-2 on the basis of available
manufacturer’s data and literature review. Przegl Epidemiol
2020;74:49-68.

12. Lassauniére R, Frische A, Harboe ZB, Nielsen ACY, Fomsgaard A,
Krogfelt KA, et al. Evaluation of nine commercial SARS-CoV-2
immunoassays. MedRxiv 2020;8:1-15.

13. Ajazi F. Identification of SARS-CoV-2 infected patients using
ELISA and real time QRT-PCR based detection methods. Doctoral
dissertation. Jamia Millia Islamia, New Delhi; 2020.

14. Byrnes SA, Gallagher R, Steadman A, Bennett C, Rivera R,
Ortega C, et al. Multiplexed and extraction-free amplification for
simplified SARS-CoV-2 RT-PCR tests. Anal Chem 2021;93:4160-5.

15. Valones MAA, Guimaraes RL, Brandio LAC, de Souza PRE,
Carvalho AdeAT, Crovela S. Principles and applications of
polymerase chain reaction in medical diagnostic fields: A review.
Braz J Microbiol 2009;40:1-11.

16. Wang Y, Kang H, Liu X, Tong Z. Combination of RT-qPCR
testing and clinical features for diagnosis of COVID-19 facilitates
management of SARS-CoV-2 outbreak. J Med Virol 2020;92:538-9.

17. Malekshahi A, Khanizadeh S, Fallahi S, Talei G, Birjandi M,
Hajizadeh F. Diagnostic power of one-step and two-step
RT-qPCR methods to SARS-CoV-2 detection. BMC Infect Dis
2022;22:505.

18. Izzo MM, Kirkland PD, Gu X, Lele Y, Gunn AA, House JK.
Comparison of three diagnostic techniques for detection of
rotavirus and coronavirus in calf faeces in Australia. Aust Vet J
2012;90:122-9.

19. Liu J, Lian R, Zhang G, Hou B, Wang C, Dong J, et al. Changes
in serum virus-specific IgM/IgG antibody in asymptomatic and
discharged patients with reoccurring positive COVID-19 nucleic
acid test (RPNAT). Ann Med 2021;53:34-42.

20. Indenbaum V, Koren R, Katz-Likvornik S, Yitzchaki M, Halpern O,
Regev-Yochay G, et al. Testing IgG antibodies against the RBD of
SARS-CoV-2 is sufficient and necessary for COVID-19 diagnosis.
Plos One 2020;15:¢0241164.

21. Yadav B, Sarma G, Barthakur M, Goswami P, Goswami S. Managing
radiotherapy practice during coronavirus disease 2019 pandemic:
Medical physicist’s perspective. J Radiat Cancer Res 2020;11:38.

22. Liu Y, Liu Y-P, Diao B, Ding J-Y, Yuan M-X, Ren F-F, et al.
Diagnostic indexes of a rapid immunoglobulin G/immunoglobulin
M combined antibody test for severe acute respiratory syndrome
coronavirus 2. Chin Med J (Engl) 2021;134:475-7.

23. Guo L, Ren L, Yang S, Xiao M, Chang, Yang F, et al. Profiling early
humoral response to diagnose novel coronavirus disease (COVID-
19). Clin Infect Dis 2020;71:778-85.

24. Lee HK, Lee BH, Seok SH, Back MW, Lee HY, Kim DJ, er al.
Production of specific antibodies against SARS-coronavirus
nucleocapsid protein without cross reactivity with human
coronaviruses 229E and OC43. J Vet Sci 2010;11:165-7.

25. Xie J, Ding C, Li J, Wang Y, Guo H, Lu Z, et al. Characteristics of
patients with coronavirus disease (COVID-19) confirmed using an
IgM-IgG antibody test. ] Med Virol 2020;92:2004-10.

26. Burbelo PD, Riedo FX, Morishima C, Rawlings S, Smith D, Das S,
et al. Sensitivity in detection of antibodies to nucleocapsid and
spike proteins of severe acute respiratory syndrome coronavirus 2 in
patients with coronavirus disease 2019. J Infect Dis 2020;222:206-13.

27. Peiris JS, Chu CM, Cheng VC, Chan KS, Hung IF, Poon LL, et al.;
HKU/UCH SARS Study Group. Clinical progression and viral
load in a community outbreak of coronavirus-associated SARS
pneumonia: A prospective study. Lancet 2003;361:1767-72.

28. Hsueh PR, Huang LM, Chen PJ, Kao CL, Yang PC. Chronological
evolution of IgM, IgA, IgG and neutralisation antibodies after
infection with SARS-associated coronavirus. Clin Microbiol Infect
2004;10:1062-6.

29. Hou H, Wang T, Zhang B, Luo Y, Mao L, Wang F, ef al. Detection
of IgM and IgG antibodies in patients with coronavirus disease
2019. Clin Transl Immunol 2020;9:e1136.

Medical Journal of Babylon | Volume 20 | Supplement 1 | December 2023 -




¥20¢/80/¥0 uo

PISTGHICA+ZY8eAAdAVO/FIAEIDYIASALLIAIPOOAEIEAHION/HD AU

MY TXDOMADYOINXYOHISABZIYTIC+erNIOITWNOTZTARYHLaSHAAYF Aq Aglw/woo mm| sjeulnoly/:dny wouy papeojumoq

30.

31.

32.

33.

Breesam and Noraldeen: Study of the immune response of COVID-19 patients

Yong G, Yi Y, Tuantuan L, Xiaowu W, Xiuyong L, Ang L, et al.
Evaluation of the auxiliary diagnostic value of antibody assays
for the detection of novel coronavirus (SARS-CoV-2). J Med Virol
2020;92:1975-9.

Hoffman T, Nissen K, Krambrich J, Ronnberg B, Akaberi D,
Esmaeilzadeh M, et al. Evaluation of a COVID-19 IgM and IgG
rapid test; an efficient tool for assessment of past exposure to SARS-
CoV-2. Infect Ecol Epidemiol 2020;10:1754538.

Zhang J, Zhang X, Liu J, Ban Y, Li N, Wu Y, er al. Serological
detection of 2019-ncov respond to the epidemic: A useful complement
to nucleic acid testing. Int Immunopharmacol 2020;88:106861.
Yousefi Z, Taheri N, Dargahi M, Chaman R, Binesh R,
Emamian MH, et al. Long-term persistence of anti-SARS-COV-2
IgG antibodies. Curr Microbiol 2022;79:1-9.

34.

35.

36.

37.

Zhao J, Yuan Q, Wang H, Liu W, Liao X, Su Y, et al. Antibody
responses to SARS-CoV-2 in patients with novel coronavirus disease
2019. Clin Infect Dis 2020,71:2027-34.

Van Elslande J, Houben E, Depypere M, Brackenier A, Desmet S,
André E, et al. Diagnostic performance of seven rapid 1gG/IgM
antibody tests and the Euroimmun IgA/IgG ELISA in COVID-19
patients. Clin Microbiol Infect 2020;26:1082-7.

Faure E, Kwong K, Nguyen D. Pseudomonas aeruginosa in chronic
lung infections: How to adapt within the host? Front Immunol
2018;9:2416.

Li Z, Yi Y, Luo X, Xiong N, Liu Y, Li S, ef al. Development
and clinical application of a rapid IgM-IgG combined antibody
test for SARS-CoV-2 infection diagnosis. J Med Virol 2020;92:
1518-24.

-Medical Journal of Babylon | Volume 20 | Supplement 1 | December 2023




