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Abstract

Background

Heart-fatty acid binding protein (HFABP) has been recognized as a highly heart-specific
marker. However, it is currently unknown that its HFABP is also closely related to the sever-
ity of COVID-19.

Methods

We retrospectively screened 46 patients who met our inclusion criteria within 4 weeks. They
were tested for HFABP after the diagnosis of COVID-19, and monitored for HFABP during
their hospital stay. We tracked the patients during their hospital stay to determine if they had
severe COVID-19 or mild-to-severe transition features. We calculated the chi-square test
values found for HFABP to predict the correlation between HFABP levels and the severity of
the COVID-19.

Results

Of these 46 cases, 16 cases with confirmed COVID-19 were tested for HFABP> 7 ng/ mL
upon admission; among them, 14 cases were diagnosed with severe COVID-19 within the
hospitalization. The Odds ratio of the measured HFABP elevation was 6.81(95% confidence
interval [CI] 5.23-8.40), and 3 patients with severe COVID-19 progressed in 5 patients with
mild HFABP> 7 ng/mL.

Conclusion

These data indicate that the elevation of HFABP is closely related to the severity of COVID-
19in the patients, and the elevated HFABP may cause rapid development of patients with
mild COVID-19 into severe COVID-19. But serum HFABP negative maybe make patients
with mild COVID-19 safer, the current data show no effect on the all-cause mortality.
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Trial registration

Our study has been registered with the Chinese Clinical Trial Registry, the registration num-
ber: ChiCTR2000029829.

Introduction

Coronaviruses belong to the Coronaviridae family of non-segmented positive-sense RNA
viruses and are widely parasitic in humans and other mammals [1]. Although most infections
with human coronavirus are mild, two coronaviruses, including severe acute respiratory syn-
drome coronavirus (SARS-CoV) [2-4] and Middle East respiratory syndrome coronavirus
(MERS-CoV) [5,6], cause severe infection. They can cause fulminant disease and severe illness.
In December 2019, a new coronavirus named 2019 New Coronavirus (2019-nCoV) was found
in Wuhan, Hubei, China. The disease caused by this coronavirus is COVID-19 [7-11]. At pres-
ent, many cases have been confirmed in all provinces of China and in other countries. For
making the diagnosis of patients with COVID-19, it is a great challenge for doctors to deter-
mine the condition of patients with severe illness as early as possible.

Heart fatty acid-binding protein, a serum biomarker for myocardial injury, is highly cardiac
specific [12-14]. Recently, we have found that elevated HFABP levels are associated with
severe COVID-19 or mild-to-severe transition features. Our study sought to determine
whether the measurement of the HFABP can predict short-term turnover and prognosis in
patients with COVID-19.

Our study retrospectively analyzed the epidemiological, clinical, and laboratory characteris-
tics of patients with COVID-19 and compared HFABP levels with severe COVID-19 and
mild-to-severe transition features. We hope that our findings will provide information to the
global community about predicting the condition and outcomes of patients with COVID-19.

Materials and methods
Patients and trial designs

During January 2020, we retrospectively screened all patients with COVID-19 admitted to
Chongqing Three Gorges Central Hospital, and we obtained approval from the Ethics Com-
mittee of the Chongqing Three Gorges Central Hospital. Eligible patients included patients
older than 14 years of age, patients who were diagnosed with COVID-19, and patients who
had been assessed for HFABP serum concentrations at any time during the hospital stay. We
excluded patients who were younger than 14 years of age, patients who had not received the
measurement of HFABP serum concentrations at any time during the hospital stay. We per-
formed follow-up (during the hospital stay, 9-21 days) of the patients in the study and
recorded their status (mild, severe, or death) and whether they changed from mild to severe,
defined as any of the following conditions:

Mild COVID-19: The patient presents with only fever, respiratory tract infection, and other
symptoms, and imaging shows pneumonia. Those who have one of the following pathogenic
evidences: 1. Real-time fluorescent RT-PCR of respiratory specimens or blood specimens for
detection of novel coronavirus nucleic acid; 2. Sequencing of viral genes of respiratory speci-
mens or blood specimens, highly homologous to known novel coronavirus.
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Severe COVID-19: confirmed as COVID-19 and meets any of the following criteria: 1. Respi-
ratory distress, RR > 30 times / min; 2. Means oxygen saturation < 93%; Arterial blood oxygen
partial pressure (PaO2) / oxygen concentration (FiO2) <300 mmHg (1 mmHg = 0.133 kPa).

Death: Total deaths from all causes during the hospital stay.

Measurement

All blood samples were collected and sent to the laboratory immediately. All selected patients
were measured for HFABP. The results were provided to the clinical medical staff. HFABP lev-
els were measured by the Roche Modular Analyzer (Roche Diagnostics, Laval, Quebec). These
tests were performed with reagents provided by the manufacturer and in strict accordance
with the procedures. The cut-off value is defined as the internationally agreed value of 7 ng /
mL.

Statistical analyses

Categorical data were expressed as counts and percentages. Continuous data for normal and
skew distribution are expressed as mean standard deviation and median, respectively. The Kol-
mogorov Smirnov test was used to test the normality of the data distribution. Categorical vari-
ables are expressed as numbers (%) and compared between the HFABP-raised group and the
normal group by the Chi” test or the Fisher’s exact test, and classification clinical, characteris-
tics, and outcome rates were tested using the Chi? test.

A P value of less than 0.05 was considered statistically significant. Statistical analysis was
performed using SPSS software(version 23, IBM Inc., Armonk, NY, USA).

Result
Patients

During the research period, 245 patients arrived at our hospital and were diagnosed with
COVID-19. Of these patients, 199 patients were excluded from our research because they did
not undergo testing for serum HFABP within a week of admission, and 46patients (25 patients
with severe disease and 21 patients with mild disease) were finally included. In our study, 45
patients were tested for serum HFABP from the day of admission to the 5th day of admission,
and one patient was tested for serum HFABP on the 6th day of admission. In addition, 2 criti-
cally severe COVID-19 patients died during hospitalization. Three COVID-19 patients with
serum HFABP-positive result changed from mild to severe state during hospitalization. Demo-
graphic and disease characteristics of 15 patients with serum HFABP-positive COVID-19 and
30 patients with serum HFABP- negative COVID-19 are presented in Table 1. The results of
HFABP analysis showed a normal distribution, with values decreasing from 1.76 ng/mL to
24.68 ng/mL (mean 6.81, 95% CI 5.23-8.40, SD 5.33).

Outcomes

Table 2 summarizes the relationship between positive HFABP and severe COVID-19. In the
HFABP positive group, a significant increase in the prevalence of severe illness was observed
during hospitalization of patients with COVID-19 (87.5% vs 40%, P = 0.002). Among them, in
the HFABP positive group, 3 of 5 patients with mild COVID-19 worsened to severe COVID-
19 during hospitalization, and the incidence was 60%. One patient died in each of the two
groups (P > 0.05), which was not statistically significant (Table 2).
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Table 1. Demographic and disease characteristics of enrolled patients.

Characteristic Group; no. (%) of patients*

Alln =45 HFABP Positive n = 15 HFABP negative n = 30
Male 25 5 22
Age, mean (SD), yr 52.4 65.3(17.9) 45.6(12.5)
Tobacco smoking 3 0(0) 3(9.6)
CarT 39 3(7.6) 2(5.1)
Any comorbidity
Diabetes 7 2(14.2) 5(16.1)
Hypertension 4 1(7.1) 3(9.6)
Cardiovascular disease 2 1(7.1) 1(3.2)
Malignancy 3 1(7.1) 2(6.4)
COPD 2 0(0) 2(6.4)
CLD 0 0(0) 0(0)
CKD 0 0(0) 0(0)

Chronic obstructive pulmonary disease = COPD, Chronic liver disease = CLD, Chronic kidney disease = CKD,
Cardiac troponin T = Ca T. Note: All differences were statistically nonsignificant. SD = standard deviation.

*“Except as indicated for Age.

https://doi.org/10.1371/journal.pone.0231687.t001

Discussion

Both SARS-CoV and MERS-CoV are thought to originate in bats, and many studies have
found coronaviruses with many other genomic sequences in bats. In 2013, Ge and colleagues
reported the genome-wide sequence of a new coronavirus similar to SARS in bats. This virus
can utilize human receptors and has the potential to replicate in human cells. 2019-nCoV has
the potential to cause a pandemic, and it is still being studied in depth to prevent it from
becoming a global health threat. Reliable and rapid differential diagnosis and reasonable treat-
ment of diagnosed patients with COVID-19 are still essential to control the epidemic [15,16].
Our study screened 46 laboratory-confirmed patients with COVID-19. The patient was severe
viral pneumonia and was fatal. All patients were sent to Chongqing Three Gorges Central Hos-
pital before February 22, 2020, and their clinical symptoms were very similar to SARS. Acute
respiratory distress syndrome (ARDS) can occur in severe patients, and they will require
admission to the Intensive Care Unit and assistant treatment with mechanical ventilation.
During the retrospective study, 2 of 46 patients included in this research died (4.3%); thus, the
mortality of COVID-19 was very high.

At present, the determination of severe COVID-19 is mainly based on the comprehensive
analysis of clinical symptoms, signs, and blood gas analysis results. The global judgment of the
severity of COVID-19 is based on the Chinese guidelines, and there is no clinical serum
marker for comprehensive judgment. This study shows that in patients with COVID-19,

Table 2. Clinical outcomes of the matched study population of COVID-19 with HFABP levels.

Clinical outcomes HFABP Positive group N = 15 HFABP Negative group N =30 | P value
Severe COVID-19 13 12 0.002
Mild-to-severe COVID-19 0 3 /
Death 1 1 >0.05

Heart fatty acid-binding protein = HFABP.

https://doi.org/10.1371/journal.pone.0231687.t1002
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elevated serum HFABP is closely related to the severity of disease in the patients, and there is a
significant statistical difference from patients with normal serum HFABP. Therefore, elevated
serum HFABP can be used as an indicator of severe COVID-19 and an independent risk factor
for patient prognosis. Among the patients in this study, 40 patients were monitored for tropo-
nin T, and only 6 patients were positive for troponin T; however, there was no statistical differ-
ence between the serum HFABP-negative and HFABP-positive groups. The hypothesis that
HFABP is affected by troponin T does not hold, and the serum HFABP levels show an inde-
pendent stable performance. This can happen because, like SARS-CoV and MERS-CoV, novel
coronavirus infections also induce the secretion of a large number of cytokines [17-21], lead-
ing to inflammatory lung injury, which reduces blood oxygen concentration and puts myocar-
dial cells in a hypoxic state, thereby increasing the release of HFABP into the blood. We noted
that 86.7% of patients with elevated serum HFABP are patients with severe COVID-19; there-
fore, it is of great significance to judge and predict the outcome of patients with severe
COVID-19. At present, there is no objective laboratory index for assessing the outcome of
patients with COVID-19. Serum HFABP can be used as an effective index; thus, it can guide
the clinicians to judge patients with severe COVID-19 in the short term, and elevated HFABP
can also severely affect the outcome of patients with COVID-19.

We also observed a phenomenon in which five patients with mild COVID-19 were positive
for serum HFABP upon admission. Three patients deteriorated to severe neo-coronavirus
pneumonia very quickly after admission, and the incidence of this event was 60%. However,
30 patients with mild COVID-19 were negative for serum HFABP, and none of these patients
developed severe disease. Therefore, we speculate that if patients with mild COVID-19 are pos-
itive for serum HFABP, they can easily deteriorate to severe COVID-19. Based on the small
sample size of our screened cases, we did not perform a statistically significant difference
analysis.

In addition, two deaths were reported in our study, and they were severe COVID-19
patients. There was one case in the HFABP positive group, and the other case was in the
HFABP negative group. We performed a statistical analysis for these groups, and there was no
statistical difference in mortality between the two groups. However, we avoided sensitivity and
specificity analysis because the sample size was small and we could not draw convincing con-
clusions. A larger sample size is needed for further confirmation.

Conclusion

Our conclusion is that the elevation of HFABP is closely related to the severity of COVID-19
in the patients, and the elevated HFABP may cause rapid development of patients with mild
COVID-19 into severe COVID-19. But serum HFABP negative maybe make patients with
mild COVID-19 safer, the current data show no effect on the all-cause mortality. New corona-
viruses have acquired effective human transmission capabilities [17,22]. We are deeply aware
of the challenges and concerns that our global medical care encounters with COVID-19. Every
effort should be made to study and control this disease. Therefore, we recommend worldwide
promotion of HFABP application, which will help to judge and predict severe COVID-19.

Supporting information

S1 Data.
(XLSX)

S2 Data.
(XLSX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0231687  April 29, 2020 5/7


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231687.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231687.s002
https://doi.org/10.1371/journal.pone.0231687

PLOS ONE

Correlation between Heart fatty acid binding protein and severe COVID-19: A case-control study

Acknowledgments

We thank LetPub (www.letpub.com) for its linguistic assistance during the preparation of this
manuscript.

Author Contributions
Conceptualization: Li Yin, Jiang Shao, Ye Zhu, Hailong Wang.
Data curation: Li Yin, Jiang Shao, Hailong Wang.

Formal analysis: Li Yin, Huaming Mou, Ye Zhu, Jianming Zhang, Wei Shi, Shimei Yu, Hai-
long Wang.

Funding acquisition: Li Yin, Hailong Wang.

Investigation: Xiaohua Pang, Jianjun Yang, Jianming Zhang.

Methodology: Li Yin, Huaming Mou, Jiang Shao, Ye Zhu, Hailong Wang.
Project administration: Li Yin, Hailong Wang.

Resources: Huaming Mou.

Software: Jianming Zhang.

Supervision: Jiang Shao.

Validation: Huaming Mou.

Visualization: Jianming Zhang, Wei Shi, Shimei Yu.

Writing - original draft: Li Yin, Huaming Mou, Jiang Shao, Hailong Wang.

Writing - review & editing: Li Yin, Huaming Mou, Jiang Shao, Ye Zhu, Xiaohua Pang, Jian-
jun Yang, Jianming Zhang, Wei Shi, Shimei Yu, Hailong Wang.

References
1. Richman DD, Whitley RJ, Hayden FG, eds. Clinical virology, 4th edn. Washington: ASM Press, 2016.

2. Ksiazek TG, Erdman D, Goldsmith CS, Zaki SR, Peret T, Emery S, et al. A novel coronavirus associ-
ated with severe acute respiratory syndrome. N Engl J Med 2003; 348: 1953-66. https://doi.org/10.
1056/NEJM0a030781 PMID: 12690092

3. Kuiken T, Fouchier RAM, Schutten M, Rimmelzwaan GF, Amerongen G, Riel D, et al. Newly discovered
coronavirus as the primary cause of severe acute respiratory syndrome. Lancet 2003; 362: 263-70.
https://doi.org/10.1016/S0140-6736(03)13967-0 PMID: 12892955

4. Drosten C, Gunther S, Preiser W, Werf S, Brodt BR, Becker S, et al. Identification of a novel coronavirus
in patients with severe acute respiratory syndrome. N Engl J Med 2003; 348: 1967-76. https://doi.org/
10.1056/NEJMo0a030747 PMID: 12690091

5. de Groot RJ, Baker SC, Baric RS, Brown CS, Drosten C, Enjuanes L, et al. Middle East respiratory syn-
drome coronavirus (MERS-CoV): announcement of the Coronavirus Study Group. J Virol 2013; 87:
7790-92. https://doi.org/10.1128/JVI.01244-13 PMID: 23678167

6. Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus ADME, Fouchierr RAM. Isolation of a novel
coronavirus from a man with pneumonia in Saudi Arabia. N Engl J Med 2012; 367: 1814-20. https://
doi.org/10.1056/NEJMoa1211721 PMID: 23075143

7. WHO. Novel coronavirus Thailand (ex-China). Geneva: World Health Organization, Jan 14, 2020.
https://www.who.int/csr/don/14-january-2020-novel-coronavirus-thailand/en/ (accessed Jan 23, 2020).

8. WHO. Novel Coronavirus Japan (ex-China). Geneva: World Health Organization, Jan 16, 2020.
https://www.who.int/csr/don/16-january-2020-novel-coronavirus-japan-ex-china/en/ (accessed Jan 23,
2020).

PLOS ONE | https://doi.org/10.1371/journal.pone.0231687  April 29, 2020 6/7


http://www.letpub.com/
https://doi.org/10.1056/NEJMoa030781
https://doi.org/10.1056/NEJMoa030781
http://www.ncbi.nlm.nih.gov/pubmed/12690092
https://doi.org/10.1016/S0140-6736(03)13967-0
http://www.ncbi.nlm.nih.gov/pubmed/12892955
https://doi.org/10.1056/NEJMoa030747
https://doi.org/10.1056/NEJMoa030747
http://www.ncbi.nlm.nih.gov/pubmed/12690091
https://doi.org/10.1128/JVI.01244-13
http://www.ncbi.nlm.nih.gov/pubmed/23678167
https://doi.org/10.1056/NEJMoa1211721
https://doi.org/10.1056/NEJMoa1211721
http://www.ncbi.nlm.nih.gov/pubmed/23075143
https://www.who.int/csr/don/14-january-2020-novel-coronavirus-thailand/en/
https://www.who.int/csr/don/16-january-2020-novel-coronavirus-japan-ex-china/en/
https://doi.org/10.1371/journal.pone.0231687

PLOS ONE

Correlation between Heart fatty acid binding protein and severe COVID-19: A case-control study

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

China National Health Commission. Update on the novel coronavirus pneumonia outbreak (Jan 24,
2020). Beijing: China National Health Commission, 2020. http://www.nhc.gov.cn/xcs/yqfkdt/202001/
c5da49c4c5bfabcetb320ec2036480627.shtml (accessed Jan 24, 2020).

WHO. Novel coronavirus Republic of Korea (ex-China). Geneva: World Health Organization, 2020.
https://www.who.int/csr/don/21-january-2020-novel-coronavirus-republic-of-korea-ex-china/en/
(accessed Jan 24, 2020).

US Centers for Disease Control and Prevention. First travel-related case of 2019 novel coronavirus
detected in United States. Atlanta, GA: US Centers for Disease Control and Prevention, 2020. https://
www.cdc.gov/media/ releases/2020/p0121-novel-coronavirus-travel-case.html (accessed Jan 24,
2020).

Glatz JF, Kleine AH, van Nieuwenhoven FA, Hermens WT, van Dieijen-Visser MP, van der Vusse GJ.
Fatty-acid-binding protein as a plasma marker for the estimation of myocardial infarct size in humans.
British Heart Journal 1994; 71 (2): 135—40. https://doi.org/10.1136/hrt.71.2.135 PMID: 8130020

Kleine AH, Glatz JF, Van Nieuwenhoven FA, Van der Vusse GJ. Release of heart fatty acid-binding pro-
tein into plasma after acute myocardial infarction in man. Molecular and Cellular Biochemistry 1992;
116 (1-2): 155-62. https://doi.org/10.1007/bf01270583 PMID: 1480144

Hai-Long W, Xiao-Hua P, Jian-Jun Y. The Prognostic Value of Heart-Type Fatty Acid Binding Protein in
Patients with Acute Coronary Syndrome. J Coll Physicians Surg Pak. 2018 Jan; 28(1):56—60. https://
doi.org/10.29271/jcpsp.2018.01.56 PMID: 29290194

Ge X-Y, LiJ-L, Yang X-L, Chmura AA, Zhu G-J, Epstein JH, et al. Isolation and characterization of a bat
SARS-like coronavirus that uses the ACE2 receptor. Nature 2013; 503: 535—38. https://doi.org/10.
1038/nature12711 PMID: 24172901

Wang M, Hu Z. Bats as animal reservoirs for the SARS coronavirus: hypothesis proved after 10 years of
virus hunting. Virol Sin 2013; 28: 315—17. hitps://doi.org/10.1007/s12250-013-3402-x PMID: 24174406

Wong CK, Lam CWK, Wu AKL, Lp W K, Lee NLS, Chan IHS, et al. Plasma inflammatory cytokines and
chemokines in severe acute respiratory syndrome. Clin Exp Immunol 2004; 136: 95—-108. https://doi.
org/10.1111/j.1365-2249.2004.02415.x PMID: 15030519

Mahallawi WH, Khabour OF, Zhang Q, Makhdoum HM, Suliman BA. MERS-CoV infection in humans is
associated with a pro-inflammatory Th1 and Th17 cytokine profile. Cytokine 2018; 104: 8—13. hitps://
doi.org/10.1016/j.cyt0.2018.01.025 PMID: 29414327

HelL, Ding Y, Zhang Q, Che X, He Y, Shen H, et al. Expression of elevated levels of pro-inflammatory
cytokines in SARS-CoV-infected ACE2+ cells in SARS patients: relation to the acute lung injury and
pathogenesis of SARS. J Pathol 2006; 210: 288-97. https://doi.org/10.1002/path.2067 PMID:
17031779

Faure E, Poissy J, Goffard A, Fournier C, Kipnis E, Titecat M, et al. Distinctimmune response in two
MERS-CoV-infected patients: can we go from bench to bedside? PLoS One 2014; 9: e88716. https:/
doi.org/10.1371/journal.pone.0088716 PMID: 24551142

Falzarano D, de Wit E, Rasmussen AL, Feldmann F, Feldmann H. Treatment with interferon-a2b and
ribavirin improves outcome in MERS-CoVinfected rhesus macaques. Nat Med 2013; 19: 1313-17.
https://doi.org/10.1038/nm.3362 PMID: 24013700

Assiri A, Al-Tawfiq JA, Al-Rabeeah AA, Al-Rabiah FA, Al-Hajjar S, Al-Barrak A, et al. Epidemiological,
demographic, and clinical characteristics of 47 cases of Middle East respiratory syndrome coronavirus
disease from Saudi Arabia: a descriptive study. Lancet Infect Dis 2013; 13: 752—61. https://doi.org/10.
1016/S1473-3099(13)70204-4 PMID: 23891402

PLOS ONE | https://doi.org/10.1371/journal.pone.0231687  April 29, 2020 7/7


http://www.nhc.gov.cn/xcs/yqfkdt/202001/c5da49c4c5bf4bcfb320ec2036480627.shtml
http://www.nhc.gov.cn/xcs/yqfkdt/202001/c5da49c4c5bf4bcfb320ec2036480627.shtml
https://www.who.int/csr/don/21-january-2020-novel-coronavirus-republic-of-korea-ex-china/en/
https://www.cdc.gov/media/%20releases/2020/p0121-novel-coronavirus-travel-case.html
https://www.cdc.gov/media/%20releases/2020/p0121-novel-coronavirus-travel-case.html
https://doi.org/10.1136/hrt.71.2.135
http://www.ncbi.nlm.nih.gov/pubmed/8130020
https://doi.org/10.1007/bf01270583
http://www.ncbi.nlm.nih.gov/pubmed/1480144
https://doi.org/10.29271/jcpsp.2018.01.56
https://doi.org/10.29271/jcpsp.2018.01.56
http://www.ncbi.nlm.nih.gov/pubmed/29290194
https://doi.org/10.1038/nature12711
https://doi.org/10.1038/nature12711
http://www.ncbi.nlm.nih.gov/pubmed/24172901
https://doi.org/10.1007/s12250-013-3402-x
http://www.ncbi.nlm.nih.gov/pubmed/24174406
https://doi.org/10.1111/j.1365-2249.2004.02415.x
https://doi.org/10.1111/j.1365-2249.2004.02415.x
http://www.ncbi.nlm.nih.gov/pubmed/15030519
https://doi.org/10.1016/j.cyto.2018.01.025
https://doi.org/10.1016/j.cyto.2018.01.025
http://www.ncbi.nlm.nih.gov/pubmed/29414327
https://doi.org/10.1002/path.2067
http://www.ncbi.nlm.nih.gov/pubmed/17031779
https://doi.org/10.1371/journal.pone.0088716
https://doi.org/10.1371/journal.pone.0088716
http://www.ncbi.nlm.nih.gov/pubmed/24551142
https://doi.org/10.1038/nm.3362
http://www.ncbi.nlm.nih.gov/pubmed/24013700
https://doi.org/10.1016/S1473-3099(13)70204-4
https://doi.org/10.1016/S1473-3099(13)70204-4
http://www.ncbi.nlm.nih.gov/pubmed/23891402
https://doi.org/10.1371/journal.pone.0231687

