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1 | INTRODUCTION

Ayad M. Ali% |

Hassan M. Tawfeeq! | Grazziela P. Figueredo® |

Abstract

Coronavirus disease 2019 (COVID-19) is caused by a contagious virus that has
spread to more than 200 countries, territories, and regions. Thousands of studies to
date have examined all aspects of this disease, yet little is known about the post-
recovery status of patients, especially in the long term. Here, we examined ery-
throcyte sedimentation rate (ESR), C-reactive protein (CRP), and serum albumin
biomarkers in patients with a history of severe and mild-to-moderate COVID-19
following their recovery. In patients with severe COVID-19 serum albumin had a
strong negative correlation with both ESR and CRP levels (R?=-0.861 and
R?=-0.711), respectively. Also, there was a positive correlation between ESR and
CRP level (R% = 0.85) in the same group. However, there was no correlation between
these biomarkers among mild-to-moderate COVID-19 patients. In addition, no
correlation was recorded between the severe and mild-to-moderate COVID-19
groups. This finding highlights the sustained elevation of ESR and CRP level and
reduced serum albumin level that may persist postrecovery in patients with a his-
tory of severe COVID-19.
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of the disease can experience severe pneumonia, respiratory failure,
multiorgan dysfunction, and death.®’ Gastrointestinal symptoms
such as diarrhea, nausea, and vomiting have also been reported,

Beginning in late December 2019 in Wuhan, China,* the ongoing cor-
onavirus disease 2019 (COVID-19) pandemic, which was caused by the
spread of a novel coronavirus, severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2)—named for the similarity of its symptoms to
those induced by the SARS-CoV-2°—achieved worldwide reach within
3 months of its discovery.>* Accordingly, on 11 March 2020, the World
Health Organization labeled COVID-19 as pandemic disease.’

Patients with COVID-19 may show flu-like symptoms such as

fever, cough, dyspnea, myalgia, and fatigue. Those with serious forms

along with a loss of the senses of taste and smell.2? Since the start of
the initial outbreak, scientists have made grade strides in under-
standing the pathophysiology and progression of this disease.'®*?

The clinical manifestations of patients infected with SARS-CoV-2

1.'° The ma-

can be stratified as mild, moderate, severe, and critica
jority of affected patients (81%) suffer mild/moderate symptoms,
whereas severe and critical cases total 14% and 5% of infected cases,

respectively.'*
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Several biological markers have been found to correlate with the
severity of COVID-19, including high C-reactive protein (CRP) level,
high erythrocyte sedimentation rate (ESR), and low serum albumin
level (hypoalbuminemia).’>*> %" These biomarkers in parallel with
clinical symptoms can be used to determine with greater confidence
the likely progression and severity of the disease in a certain case.'®
CRP is an exquisitely sensitive systemic marker for the acute phase
response to inflammation, infection, and tissue damage19 and it has
been reported that CRP levels are positively correlated with the
severity of COVID-19.2° Another study reported the observation of
high ESR levels in patients suffering severe COVID-19 symptoms
relative to those with less severe disease due to an increase in the
inflammation inherent in the former group.® In addition, other stu-
dies have suggested the serum albumin level to be a vital indicator of
status in patients with severe COVID-19.'7?*

Since the appearance of COVID-19 on the global stage, much
research has been conducted regarding this disease.’® *>'€ To date,
however, even though millions of people have recovered from this
condition, limited follow-up studies exist that have focused on the
postrecovery health status of these individuals.?? Here, we examined
the ESR, CRP levels, and serum albumin levels postrecovery in pa-
tients with a history of severe COVID-19 and compared the col-
lected values with the same parameters in a population with a
history of mild-to-moderate COVID-19.

2 | MATERIALS AND METHODS

2.1 | Real-time reverse transcription polymerase
chain reaction assay for SARS-CoV-2

A total of 46 hospitalized patients were included in this study. The
diagnostic tests were performed for each patient, and pharyngeal
swab samples collected for extracting 2019-nCoV RNA. After col-
lection, the total RNA was automatically extracted within 45 min
using the Qiagen EZ1 Advanced XL system (Qiagen). Then, the pre-
sence of SARS-CoV-2 was detected by real-time reverse
transcription-polymerase chain reaction (RT-PCR) amplification of
SARS-CoV-2 open reading frame 1ab (ORF1ab) and envelope (E)
genes fragments using PowerChek SARS-CoV-2 Real-Time PCR Kit
(KogeneBiotech). Conditions for amplification were 50°C for 30 min,
95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for
1min. When two target genes (ORFlab, E) tested positive by
specific real-time RT-PCR, the case would be transferred to the la-
boratory for confirmation. A cycle threshold value (Ci-value) < 36.7
was defined as a positive test, and the C-value of greater than 36.7
was defined as a negative test or recovered.

2.2 | COVID-19 severity category

The criteria for severity of COVID-19 were defined according to the
diagnosis and treatment protocol for novel coronavirus pneumonia

MEDICAL VIROLOGY

(Version 7) as mild, moderate, and severe.”*> Mild cases the patient
shows mild clinical symptoms with no sign of pneumonia on imaging;
moderate cases the patient shows fever and respiratory symptoms with
radiological findings of pneumonia; severe cases have any of the fol-
lowing criteria, respiratory distress (=30 breaths/min), oxygen satura-
tion <93% at rest, arterial partial pressure of oxygen (PaO,)/fraction of
inspired oxygen (FiO,) < 300 mmHg (1 mmHg = 0.133 kPa).

Postrecovery, means the time period after recovery when the
COVID-19 patients discharged from the hospital and COVID-19
signs and symptoms disappeared after the negative RT-PCR?* that
is, returning to a normal or healthy state after a period of COVID-19
disease. Based on, blood samples were collected from recovered
COVID-19 patients within 2-4 weeks (with a mean of 20.6 + 3.3
days) after their negative RT-PCR.

Considering the above criteria, recovered patients were divided
into two groups; 23 mild-moderate cases and 23 severe post-
recovered COVID-19 cases.

2.3 | Biological marker test

Biological marker tests including CRP and serum albumin were as-
sessed for mild, moderate, and severe groups using an automated
multiparametric analyzer (Cobas c111; Roche Diagnostics) and ESR

were tested by the Westergren method.?®

2.4 | Ethics declarations

All methods were carried out in accordance with the relevant
guidelines and regulations. Also, we confirm that all experimental
protocols were approved by the Ethics Licensing Committee of the
Kalar Technical Institute at the Sulaimani Polytechnic University
Committee (No. 01 on August 1, 2020). In addition, informed consent
was obtained from all subjects or if subjects are under 18, from a
parent and/or legal guardian.

2.5 | Statistical analysis

Pearson correlation and polynomial regressions were employed to
understand the relationship between ESR, CRP, and serum albumin
biomarkers between mild, moderate, and severe postrecovery
COVID-19 patients. Also, an unpaired T-test has been used to study

differences of body weight loss between both groups.

3 | RESULTS AND DISCUSSION

Patients infected with SARS-CoV-2 can be assessed clinically by
using quantitative measurements of numerous biomarkers such
as ESR, CRP level, and serum albumin level. Monitoring of those
biomarkers could play a key role in reviewing the pathological
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TABLE 1 Correlation analysis between ESR, CRP, and albumin

Serum albumin

ESR severe CRP severe severe
ESR severe 1.0000 0.8534 -0.8610
CRP severe 0.8534 1.0000 -0.7114
Serum albumin severe -0.8610 -0.7114 1.0000
ESR mild-moderate 0.1206 -0.0487 0.0784
CRP mild-moderate 0.0868 -0.0457 0.1265
Serum albumin -0.3505 -0.3242 0.2419

mild-moderate

ESR
mild-moderate

CRP
mild-moderate

Serum albumin
mild-moderate

0.1206 0.0868 -0.3505
-0.0487 -0.0457 -0.3242
0.0784 0.1265 0.2419
1.0000 0.6149 -0.0504
0.6149 1.0000 -0.3277
-0.0504 -0.3277 1.0000

Note: In severe COVID-19 postrecovery group and mild/moderate COVID-19 postrecovery group. Also, correlation analysis between severe and mild/

moderate COVID-19 postrecovery groups, nh = 46 patients.

Abbreviations: COVID-19, coronavirus disease 2019; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

development and suggesting the prognosis and outcomes of the
disease.”®

In this study, all cases were identified by RT-PCR and categorized
into two groups (mild-to-moderate and severe) according to the status of
their disease. ESR, CRP levels, and serum albumin levels were measured
in both groups and we found that albumin had a strong negative cor-
relation with ESR (R?=-0.861) and CRP level (R?=-0.711) post-
recovery in patients with a history of severe COVID-19 (Table 1).

Hypoalbuminemia is seen more predominantly in severe
COVID-19 cases than mild cases.?” However, no study has yet
evaluated the levels of albumin nor the effect of such on the
health of patients with a history of COVID-19 after their re-
covery. In our study, we observed persistent hypoalbuminemia
postrecovery in patients with a history of severe COVID-19.
Although the mechanisms for hypoalbuminemia in COVID-19

albumin is considered a
28,29

have not been studied thoroughly,?®
major serum protein produced by hepatic cells, and has a
critical role in human health. As such, hypoalbuminemia is con-
sidered a sinister clinical sign in COVID-19 viral infection that
may be attributed to the release of major acute phase cytokines
into the blood vessels during cytokine storm®” or due to an in-
crease in vascular permeability, which allows the albumin to
diffuse into the extravascular space.’® A reduction in albumin
synthesis may also be the result of anorexia caused by SARS-
CoV-2 viral infection.?” Thus, a high protein nutrition and even-
tual albumin administration to the COVID-19 patients should be
considered.

In the present study, we found that ESR increased in all severe
COVID-19 postrecovery patients. Similar results were found by

Pu et al>*

who observed an elevated level of ESR in a case study of a
patient recovered from severe COVID-19 infection. This finding may
justify the strong negative correlation between ESR and albumin because
albumin retards the sedimentation of erythrocytes and decreases the
rouleaux formation while hypoalbuminemia accelerates it,>? in contrary
to other plasma proteins in which high level of them speed it up.*®
Our study revealed a high concentration of CRP in severe

COVID-19 postrecovery patients. A significant negative correlation

was also found between albumin level and the inflammatory indicator,
CRP (R?=-711) (Table 1). Studies have determined a significant in-
crease of CRP concentration in severe COVID-19 patients.>* ¢
However, our data are the first study related to the COVID-19
postrecovery patients. CRP is produced by the liver as a nonspecific
immune protein and it is considered as a signal of systemic in-
flammation®” CRP level in serum also can be affected with the level of
other serum proteins which are produced by liver cells.*®”

Ponti et al.*® found the severity of COVID-19 is positively cor-
related with ESR and CRP, while no study on both biomarkers after
the recovery of COVID-19 patients has been recorded yet. Our data
has revealed a positive correlation between ESR and CRP (R? = 0.85)
in severe COVID-19 postrecovery patients. Elevation of in-
flammatory biomarkers can be considered as a parameter for
COVID-19 infection and its severity.?®

In the mild-moderate COVID-19 postrecovery group, our data
showed nonsignificant positive correlation between ESR and CRP
(0.6149). In addition, in the same group there was neither correlation
between CRP and albumin (-0.3277) nor between ESR and albumin
(-0.0504; Table 1). Several studies have revealed low ESR and CRP in
mild-moderate COVID-19 patients,“o'42 while other studies showed
a slight decrease of serum albumin in the same group when com-
pared with severe cases.*>*® Most importantly no studies conducted
on postrecovery patients addressing changes in those markers yet. In
mild-moderate COVID-19 patients the inflammatory proteins that
have an effect on ESR boosting maintain in their minimum level,
subsequently ESR stays in their normal range.** Our study seems to
be one of the first attempts to observe those biological markers in
COVID-19 postrecovery patients.

In Table 1, data analyses showed no correlation between mild,
moderate, and severe groups in COVID-19 postrecovery patients
when both groups compared each other in terms of ESR, CRP, and
serum albumin markers.

A study by Kermali et al.?® showed a significant difference in
ESR, CRP, and serum albumin between mild and severe COVID-19
patients. However, the difference between moderate and severe
groups was observed only in ESR.
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FIGURE 1 The difference in losing bodyweight in kilograms
between severe mild-moderate coronavirus disease 2019
(COVID-19) postrecovery group (black), and severe COVID-19
postrecovery group (gray)

The present study showed a significant difference in the body weight
loss between mild, moderate, and severe postrecovery COVID-19 pa-
tient groups (p < 0.0005), body weight loss average for mild-moderate
group was 143+ 1.38, while for the severe group was 4.17 +1.95
(Figure 1). Several factors may contribute to body weight loss and mal-
nutrition in COVID-19 patients,”>“® such as; systemic inflammation, high
CRP level,*® hypoalbuminemia, inadequate protein, and caloric intake.
Also, inflammation induces anorexia, reduces the effective use of dietary
protein and energy intake, and augments catabolism of the key somatic
protein, albumin which has consequences on body weight loss.*”

In conclusion, we found a prolonged increase of ESR, CRP, and de-
crease of serum albumin in severe COVID-19 postrecovery patients. We
also discovered a strong negative correlation of albumin with both ESR
and CRP in the group. Therefore, further study on albumin administra-
tion and ESR/CRP de-escalation is recommended which helps COVID-19

postrecovery patients to avoid further consequences of the disease.

CONFLICT OF INTERESTS
The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS

Kameran M. Ali and Ayad M. Ali have performed lab work. Hassan M.
Tawfeeq and Hassan M. Rostam have contributed in the writing.
Grazziela Figueredo has analyzed the data.

MEDICAL VIROLOGY

ORCID

Hassan M. Rostam

https://orcid.org/0000-0002-6697-0822

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

World Health Organization. Coronavirus disease (COVID-19)
Weekly Epidemiological Update and Weekly Operational Update.2020.
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
situation-reports/

Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients
with pneumonia in China, 2019. N Engl J Med. 2020;382(8):727-733.
https://doi.org/10.1056/NEJM0a2001017

Park SE. Epidemiology, virology, and clinical features of severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV-2; coronavirus
disease-19). Clin Exp Pediatr. 2020;63:119-124. https://doi.org/10.
3345/cep.2020.00493

Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell
entry depends on ACE2 and TMPRSS2 and is blocked by a clinically
proven protease inhibitor. Cell. 2020;181:271-280.e8. https://doi.
org/10.1016/j.cell.2020.02.052

World Health Oganization. WHO Director-General's opening remarks
at the media briefing on COVID-19. 2020. https://www.who.int/dg/
speeches/detail/who-director-general-s-opening-remarks-at-the-
media-briefing-on-covid-19—11-march-2020

Wu Z, McGoogan JM. Characteristics of and important lessons from
the coronavirus disease 2019 (COVID-19) outbreak in China:
summary of a report of 72 314 cases from the Chinese Center for
Disease Control and Prevention. JAMA. 2020;323(13):1239-1242.
https://doi.org/10.1001/jama.2020.2648

Guan WJ, Ni Z, Hu Y, et al. Clinical characteristics of coronavirus
disease 2019 in China. N Engl J Med. 2020;382(18):1708-1720.
https://doi.org/10.1056/NEJM0a2002032

Wu J-L, Tseng WP, Lin CH, et al. Four point-of-care lateral flow
immunoassays for diagnosis of COVID-19 and for assessing dy-
namics of antibody responses to SARS-CoV-2. J Infect. 2020;81(3):
435-442. https://doi.org/10.1016/}.jinf.2020.06.023

Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospita-
lized patients with 2019 novel coronavirus-infected pneumonia in
Wuhan, China. JAMA. 2020;323(11):1061-1069. https://doi.org/10.
1001/jama.2020.1585

Polak SB, Van Gool IC, Cohen D, von der Thiisen JH, van Paassen J.
A systematic review of pathological findings in COVID-19: a pa-
thophysiological timeline and possible mechanisms of disease pro-
gression. Mod Pathol. 2020;33:2128-2138. https://doi.org/10.1038/
s41379-020-0603-3

Chen N, Zhou M, Dong X, et al. Epidemiological and clinical char-
acteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet. 2020;395(10223):
507-513. https://doi.org/10.1016/50140-6736(20)30211-7

Yang S, Shi Y, Lu H, et al. Clinical and CT features of early stage
patients with COVID-19: a retrospective analysis of imported cases
in Shanghai, China. Eur Respir J. 2020;55(4):2000407. https://doi.
org/10.1183/13993003.00407-2020

Wu D, Wu T, Liu Q, Yang Z. The SARS-CoV-2 outbreak: what we know.
Int J Infect Dis. 2020;94:44-48. https://doi.org/10.1016/}.ijid.2020.03.004
Sun P, Qie S, Liu Z, Ren J, Li K, Xi J. Clinical characteristics of
hospitalized patients with SARS-CoV-2 infection: a single arm meta-
analysis. J Med Virol. 2020;92(6):612-617. https://doi.org/10.1002/
jmv.25735

Zeng F, Huang Y, Guo Y, et al. Association of inflammatory markers
with the severity of COVID-19: a meta-analysis. Int J Infect Dis.
2020;96:467-474. https://doi.org/10.1016/].ijid.2020.05.055

Gao Y, Li T, Han M, et al. Diagnostic utility of clinical laboratory data
determinations for patients with the severe COVID-19. J Med Virol.
2020;92(7):791-796. https://doi.org/10.1002/jmv.25770


https://orcid.org/0000-0002-6697-0822
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.3345/cep.2020.00493
https://doi.org/10.3345/cep.2020.00493
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/j.jinf.2020.06.023
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1038/s41379-020-0603-3
https://doi.org/10.1038/s41379-020-0603-3
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1183/13993003.00407-2020
https://doi.org/10.1183/13993003.00407-2020
https://doi.org/10.1016/j.ijid.2020.03.004
https://doi.org/10.1002/jmv.25735
https://doi.org/10.1002/jmv.25735
https://doi.org/10.1016/j.ijid.2020.05.055
https://doi.org/10.1002/jmv.25770

4536
—‘—Wl LEY-

17.
18.
19.
20.
21.

22.
23.

24.

25.

26.
27.
28.
29.
30.

31

32.
33.

34.

ALI ET AL

MEDICAL VIROLOGY

Ramadori G. Hypoalbuminemia: an underestimated, vital char-
acteristic of hospitalized COVID-19 positive patients? Hepatoma
Res. 2020;6:28. http://doi.org/10.20517/2394-5079.2020.43

Pierce JD, McCabe S, White N, Clancy RL. Biomarkers: an important
clinical assessment tool. Am J Nurs. 2012;112(9):52-58. https://doi.
org/10.1097/01.naj.0000418926.83718.28

Pepys MB, Hirschfield GM. C-reactive protein: a critical update. J Clin
Invest. 2003;111:1805-1812. https://doi.org/10.1172/)JCI118921

Chen L, Liu HG, Liu W, et al. [Analysis of clinical features of 29
patients with 2019 novel coronavirus pneumonia]. Zhonghua Jie He
He Hu Xi Za Zhi. 2020;43:E005. https://doi.org/10.3760/cma.j.issn.
1001-0939.2020.0005

Li J, Li M, Zheng S, et al. Plasma albumin levels predict risk for
nonsurvivors in critically ill patients with COVID-19. Biomark Med.
2020;14(10):827-837. https://doi.org/10.2217/bmm-2020-0254
Balachandar V, Mahalaxmi |, Subramaniam M, et al. Follow-up stu-
dies in COVID-19 recovered patients-is it mandatory? Sci Total
Environ.  2020;729:139021. https://doi.org/10.1016/j.scitotenv.
2020.139021

Medium.com. The Official Chinese Government Guide to Diagnosing
and Treating the Novel Coronavirus; 2020. https://medium.com/@
balajis/the-official-chinese-government-guide-to-diagnosing-and-
treating-the-novel-coronavirus-9d06868f8df4

Loconsole D, Passerini F, Palmieri VO, et al. Recurrence of COVID-
19 after recovery: a case report from ltaly. Infection. 2020;48(6):
965-967. https://doi.org/10.1007/s15010-020-01444-1

Bull BS, Ernst E, Jou JM, et al. ICSH recommendations for measurement
of erythrocyte sedimentation rate. International Council for Standardi-
zation in Haematology (Expert Panel on Blood Rheology). J Clin Pathol.
1993;46:198-203. https://doi.org/10.1136/jcp.46.3.198

Kermali M, Khalsa RK, Pillai K, Ismail Z, Harky A. The role of bio-
markers in diagnosis of COVID-19—a systematic review. Life Sci.
2020;254:117788. https://doi.org/10.1016/j.1fs.2020.117788
Zhang Y, Zheng L, Liu L, Zhao M, Xiao J, Zhao Q. Liver impairment in
COVID-19 patients: a retrospective analysis of 115 cases from a
single centre in Wuhan City, China. Liver Int. 2020;40(9):2095-2103.
https://doi.org/10.1111/liv.14455

Rothschild MA, Oratz M, Schreiber SS. Serum albumin. Hepatology.
1988;8(2):385-401. https://doi.org/10.1002/hep.1840080234
Huang J, Cheng A, Kumar R, et al. Hypoalbuminemia predicts the
outcome of COVID-19 independent of age and co-morbidity. J Med
Virol. 2020;92(10):2152-2158. https://doi.org/10.1002/jmv.26003
Soeters PB, Wolfe RR, Shenkin A. Hypoalbuminemia: pathogenesis
and clinical significance. J Parenter Enteral Nutr. 2019;43(2):181-193.
https://doi.org/10.1002/jpen.1451

Pu SL, Zhang XY, Liu DS, Ye BN, Li JQ. Unexplained elevation of
erythrocyte sedimentation rate in a patient recovering from
COVID-19: A case report. World J Clin Cases. 2021;9(6):1394-1401.
http://doi.org/10.12998/wjcc.v9.i6.1394

Reinhart WH, Nagy C. Albumin affects erythrocyte aggregation and
sedimentation. Eur J Clin Invest. 1995;25:523-528. https://doi.org/
10.1111/j.1365-2362.1995.tb01739.x

Taye MA. Sedimentation rate of erythrocyte from physics pro-
spective. Eur Phys J E Soft Matter. 2020;43(3):19. http://doi.org/10.
1140/epje/i2020-11943-2

Qin C, Zhou L, Hu Z, et al. Dysregulation of immune response in
patients with coronavirus 2019 (COVID-19) in Wuhan, China. Clin
Infect Dis. 2020;71(15):762-768. https://doi.org/10.1093/cid/cia
a248

35.

36.

37.

38.

39.

40.

41.

42.

43.

a4,

45.

46.

47.

Li X, Wang L, Yan S, et al. Clinical characteristics of 25 death cases
with COVID-19: a retrospective review of medical records in a
single medical center, Wuhan, China. Int J Infect Dis. 2020;94:
128-132. https://doi.org/10.1016/j.ijid.2020.03.053

Chen W, Zheng KI, Liu S, Yan Z, Xu C, Qiao Z. Plasma CRP level is
positively associated with the severity of COVID-19. Ann Clin
Microbiol Antimicrob. 2020;19:18. https://doi.org/10.1186/s12941-
020-00362-2

Ramadori G, Sipe JD, Colten HR. Expression and regulation of the
murine serum amyloid A (SAA) gene in extrahepatic sites. J Immunol.
1985;135:3645-3647.

Ramadori G, Christ B. Cytokines and the hepatic acute-phase re-
sponse. Semin Liver Dis. 1999;19(2):141-155. https://doi.org/10.
1055/5-2007-1007106

Perez L. Acute phase protein response to viral infection and vacci-
nation. Arch Biochem Biophys. 2019;671:196-202. https://doi.org/10.
1016/j.abb.2019.07.013

Ponti G, Maccaferri M, Ruini C, Tomasi A, Ozben T. Biomarkers as-
sociated with COVID-19 disease progression. Crit Rev Clin Lab Sci.
2020;57:389-399. https://doi.org/10.1080/10408363.2020.1770685
Jin A, Yan B, Hua W, et al. Clinical characteristics of patients diag-
nosed with COVID-19 in Beijing. Biosaf Health. 2020;2(2):104-111.
https://doi.org/10.1016/j.bsheal.2020.05.003

Ghahramani S, Tabrizi R, Lankarani KB, et al. Laboratory features of
severe vs. non-severe COVID-19 patients in Asian populations: a
systematic review and meta-analysis. Eur J Med Res. 2020;25:30.
https://doi.org/10.1186/s40001-020-00432-3

Wang D, Li R, Wang J, et al. Correlation analysis between disease
severity and clinical and biochemical characteristics of 143 cases of
COVID-19 in Wuhan, China: a descriptive study. BMC Infect Dis.
2020;20(1):519. http://doi.org/10.1186/s12879-020-05242-w
SunY, Dong Y, Wang L, et al. Characteristics and prognostic factors
of disease severity in patients with COVID-19: the Beijing experi-
ence. J Autoimmun. 2020;112:102473. https://doi.org/10.1016/j.
jaut.2020.102473

Allard L, Ouedraogo E, Molleville J, et al. Malnutrition: percentage
and association with prognosis in patients hospitalized for cor-
onavirus disease 2019. Nutrients. 2020;12(12):3679. https://doi.org/
10.3390/nu12123679

Di Filippo L, De Lorenzo R, D'Amico M, et al. COVID-19 is asso-
ciated with clinically significant weight loss and risk of malnutrition,
independent of hospitalisation: a post-hoc analysis of a prospective
cohort study. Clin Nutr. 2021;40(4):2420-2426. https://doi.org/10.
1016/j.clnu.2020.10.043

Don BR, Kaysen G. Poor nutritional status and inflammation: serum
albumin: relationship to inflammation and nutrition. Sem Dialysis.
2004;17(6):432-437. https://doi.org/10.1111/j.0894-0959.2004.
17603.x

How to cite this article: Ali KM, Ali AM, Tawfeeq HM,
Figueredo GP, Rostam HM.Hypoalbuminemia in patients
following their recovery from severe coronavirus disease
2019. J Med Virol. 2021;93:4532-4536.
https://doi.org/10.1002/jmv.27002


http://doi.org/10.20517/2394-5079.2020.43
https://doi.org/10.1097/01.naj.0000418926.83718.28
https://doi.org/10.1097/01.naj.0000418926.83718.28
https://doi.org/10.1172/JCI18921
https://doi.org/10.3760/cma.j.issn.1001-0939.2020.0005
https://doi.org/10.3760/cma.j.issn.1001-0939.2020.0005
https://doi.org/10.2217/bmm-2020-0254
https://doi.org/10.1016/j.scitotenv.2020.139021
https://doi.org/10.1016/j.scitotenv.2020.139021
https://medium.com/@balajis/the-official-chinese-government-guide-to-diagnosing-and-treating-the-novel-coronavirus-9d06868f8df4
https://medium.com/@balajis/the-official-chinese-government-guide-to-diagnosing-and-treating-the-novel-coronavirus-9d06868f8df4
https://medium.com/@balajis/the-official-chinese-government-guide-to-diagnosing-and-treating-the-novel-coronavirus-9d06868f8df4
https://doi.org/10.1007/s15010-020-01444-1
https://doi.org/10.1136/jcp.46.3.198
https://doi.org/10.1016/j.lfs.2020.117788
https://doi.org/10.1111/liv.14455
https://doi.org/10.1002/hep.1840080234
https://doi.org/10.1002/jmv.26003
https://doi.org/10.1002/jpen.1451
http://doi.org/10.12998/wjcc.v9.i6.1394
https://doi.org/10.1111/j.1365-2362.1995.tb01739.x
https://doi.org/10.1111/j.1365-2362.1995.tb01739.x
http://doi.org/10.1140/epje/i2020-11943-2
http://doi.org/10.1140/epje/i2020-11943-2
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1016/j.ijid.2020.03.053
https://doi.org/10.1186/s12941-020-00362-2
https://doi.org/10.1186/s12941-020-00362-2
https://doi.org/10.1055/s-2007-1007106
https://doi.org/10.1055/s-2007-1007106
https://doi.org/10.1016/j.abb.2019.07.013
https://doi.org/10.1016/j.abb.2019.07.013
https://doi.org/10.1080/10408363.2020.1770685
https://doi.org/10.1016/j.bsheal.2020.05.003
https://doi.org/10.1186/s40001-020-00432-3
http://doi.org/10.1186/s12879-020-05242-w
https://doi.org/10.1016/j.jaut.2020.102473
https://doi.org/10.1016/j.jaut.2020.102473
https://doi.org/10.3390/nu12123679
https://doi.org/10.3390/nu12123679
https://doi.org/10.1016/j.clnu.2020.10.043
https://doi.org/10.1016/j.clnu.2020.10.043
https://doi.org/10.1111/j.0894-0959.2004.17603.x
https://doi.org/10.1111/j.0894-0959.2004.17603.x
https://doi.org/10.1002/jmv.27002



