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Background: The pandemic due to the novel coronavirus disease 2019 (COVID-19) has
resulted in an increasing number of patients need to be tested. We aimed to determine if the
use of integrated laboratory data can discriminate COVID-19 patients from other pulmonary
infection patients.

Methods: This retrospective cohort study was conducted at Kunming Third People’s
Hospital in China from January 20 to February 28, 2020. Medical records and laboratory
data were extracted and combined for COVID-19 and other pulmonary infection patients on
admission. A partial least square discriminant analysis (PLS-DA) model was constructed and
calibrated to discriminate COVID-19 from other pulmonary infection patients.

Results: COVID-19 patients diagnosed and treated in Kunming were balanced in terms of
sex and covered all age groups. Most of them were mild cases; only five were severe cases.
The first two dimensions of the PLS-DA model could classify COVID-19 and other
pulmonary infection patients with an accuracy of 96.6% (95.1% in the cross-validation
model). Basophil count, the proportion of basophils, prothrombin time, prothrombin time
activity, and international normalized ratio were the five most discriminant biomarkers.
Conclusion: Integration of biomarkers can discriminate COVID-19 patients from other
pulmonary infections on admission to hospital and thus may be a supplement to nucleic
acid tests.
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Introduction

On December 31, 2019, Wuhan municipal health commission of Hubei province,
China, first announced a cluster of unexplained cases of pneumonia. The outbreak
of pneumonia was subsequently identified to be caused by the 2019 Novel
Coronavirus (2019-nCoV).! On February 11, 2020, the disease was christened
Corona Virus Disease (COVID-19) by the World Health Organization (WHO). As
of February 29, 2020, a total of 79,394 and 6264 patients were reported to have
been infected in China and in other countries, respectively.

In China, the COVID-19 cases were confirmed by using real-time fluorescent
reverse transcriptase polymerase chain reaction (RT-PCR) nucleic acid test, or the
virus gene sequencing.” Before January 23, 2020, only the Centers for Disease
Control and Prevention was qualified to use these tests to confirm COVID-19
infection. Doctors in local areas diagnosed suspected cases based on patients’
epidemiological history of the surrounding sojourn in Wuhan area, clinical mani-
festations, blood cell assay, and computed tomography (CT) scan. Importantly,
some individuals who tested positive for the virus were asymptomatic® and some
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COVID-19 patients did not have abnormal radiologic find-
ings on CT scan.” Control and prevention of the disease is
especially difficult in China and elsewhere if there were
infected individuals with no clinical symptoms or signs.
Thus, identifying the integrated effects on detectable bio-
markers in the blood resulting from immune damage to
COVID-19 is necessary. Herein, we documented the clin-
ical features and laboratory findings of patients in Yunnan
province infected with SARS-Cov-2 and other pulmonary
infections. Our aim was to find differences in biomarkers
between COVID-19 patients and other pulmonary infec-
tion patients. Our hypothesis is that integrated laboratory
data can discriminate individuals with COVID-19 and
other pulmonary infections.

Patients and Methods

Patients

This retrospective cohort study was conducted at Kunming
Third People’s Hospital in China. This hospital is the desig-
nated hospital for the treatment of patients with COVID-19
in Kunming city. During the outbreak, 39 COVID-19 patients
were admitted, of which three were asymptomatic, five were
severe, and 31 were mild. We extracted electronic medical
records of hospitalized COVID-19 patients admitted from
January 20 to February 28, 2020. COVID-19 was diagnosed
on the basis of the WHO interim guidance.> A team of two
experienced specialists in COVID-19 diagnosis and treat-
ment identified COVID-19 and other pulmonary infection
patients in the corresponding period after a review of each
patient’s chart.

The National Medical Products Administration started
the emergency approval procedure for the COVID-19
nucleic acid detection kit during the public health emergency.
The real-time RT-PCR tests for COVID-19 nucleic acid were
performed using nasopharyngeal swabs (Novel Coronavirus
PCR Fluorescence Diagnostic Kit, Shanghai bio-germ
Medical Technology Co Ltd). A confirmed COVID-19 case
was defined as a positive result of real-time RT-PCR nucleic
acid. The real-time RT-PCR assay was performed using
a COVID-19 nucleic acid detection kit according to the
manufacturer’s protocol. Patients were excluded if they had
HIV infection.

A batch of biomarkers was assayed in blood samples
of pulmonary infection patients and COVID-19 cases
within 24 hours of admission prior to medication. All
laboratory examinations were performed according to
the clinical needs of the patient. We collected routine

laboratory examinations including complete blood count,
infection markers, coagulation function, and serum bio-
chemical tests (liver function, renal function, myocardial
enzyme, and electrolytes) that had been performed on
admission. A total of 34 biomarkers were included in
the analysis. They were: white blood cell count (WBC),
neutrophil count (NEUT), proportion of neutrophils
(NEUT%), eosinophils count (EOS), proportion of eosi-
nophils (EOSP), basophils count (BAS), proportion of
basophils (BASP%), lymphocyte count (LYM), propor-
tion of lymphocytes (LYMP), monocytes count
(MONO), proportion of monocytes (MONOP), red blood
cell count (RBC), haemoglobin (HGB), platelet count
(PLT), prothrombin time (PT), prothrombin time activity
(PTA), international normalized ratio (INR), fibrinogen
(FIB), total bilirubin (TB), direct bilirubin (DB), indirect
bilirubin (IB), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), albumin (ALB), globin (GLB),
total protein (TP), urea (UREA), creatinine (CRE), uric
acid (UA), creatine kinase (CK), lactic dehydrogenase
(LDH), myoglobin (MYO), procalcitonin (PCT), and
C-reactive protein (CRP). We combined the medical
records and laboratory data using each patient’s hospital
identification number.

Ethics Statement

This study was approved by the Ethics Committee of
Kunming Third People’s Hospital. Patient consent to
review their medical records was not required by the ethics
committees. The names and identification numbers of all
patients were encrypted before use to ensure confidential-
ity. Approval to conduct the study was done in compliance
with the Declaration of Helsinki.

Statistical Analysis

We summarized patients’ characteristics and clinical fea-
tures as frequency counts and percentages. Chi-square
tests were used to examine univariate associations between
COVID-19 patients
patients. We used either means and standard deviations

and other pulmonary infection
or medians with interquartile ranges to describe the bio-
marker variables depending on their distribution.
Differences in biomarkers between COVID-19 patients
and other pulmonary infection patients were assessed via
Student’s #-tests or Wilcoxon rank-sum tests. Two-tailed
P values were reported with values less than 0.05 consid-
ered as significant.
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Since the number of biomarkers is large, and many of
them have a strong correlation with each other, the relation-
ship between type of infection and biomarkers was explored
by constructing and validating a partial least square discri-
minant analysis (PLS-DA) model.® This type of model can
handle highly correlated predictors. Prior to PLS-DA mod-
elling, non-normally distributed biomarker variables were
transformed using their natural logarithm. All biomarker
variables were also centered and scaled. Five-fold cross-
validation repeated 100 times was performed to calibrate
the model. The PLS-DA method is implemented via the
mixOmics’ package in R version 3.6.1, which was used to
perform all analyses and visualizations.®

Results
Patients’ Demographic and Clinical

Characteristics

A total of 88 pulmonary infection patients were included in
the study, of which 39 were due to COVID-19 and 49 were
due to other infections. A comparison of demographic and
clinical characteristics of the two groups of patients is
shown in Table 1. The mean age of all patients was 39.1
years (+ 18.4 SD), and 45.5% were females. No significant
differences among groups were observed with regard to
age, sex, and symptoms on hospital admission. The comor-
bidities of the patients included hypertension (17), diabetes
(9), chronic liver disease (5), and chronic kidney disease
(2). The distribution of underlying diseases in the two
groups was not statistically different. The mean duration
from symptoms onset to hospitalization for the 39 COVID-
19 patients was 5.2 (+ 4.7 SD) days and was not signifi-
cantly different from that of the 49 patients with other
infections (mean = 7.1, SD = 3.6 days).

Among the 39 COVID-19 patients, 10 (25.6%) were
aged 18-39 years, 15 (38.5%) were aged 40-59 years,
6 (15.4%) were aged less than 18 years, and 8 (20.5%)
were aged 60 years or more. The mean age was 41.9 years
(£ 19.6 SD). The most common symptoms at illness onset
were cough (21, 53.8%), fever (13, 33.3%), muscle sore-
ness (11, 28.2%), chills (10, 25.6%), fatigue (9, 23.1%),
diarrhea (6, 15.4%) and chest congestion (4, 10.3%). Of the
39 COVID-19 patients, three were asymptomatic cases,
while five were severe cases and were transferred to an
intensive care unit for treatment. Of the 49 other pulmonary
infections, two were severe cases.

The biomarkers taken on admission from the two
groups of patients are shown in Table 2. Univariate

analysis showed that there were significant differences in
some of the biomarkers between the two groups of
patients. The biomarkers from blood cell analysis includ-
ing WBC, BAS, BASP, and LYM, liver and renal metabo-
lism function including AST, TP, UA, MYO, and CK
coagulation regulation including PT, INR, and PTA, were
significantly different from patients with other pulmonary
infections. Lymphocytopenia was common for both groups
while BASP, LYM and WBC for patients with COVID-19
were lower than that for patients with other pulmonary
infections.

Patients’ Classification According to PLS-DA
In order to verify the specific patterns of biomarkers in
different types of infections, a PLS-DA model using all
the 34 biomarkers was constructed and validated. Figure 1
shows a cluster map of the samples based on the first two
dimensions of the PLS-DA model. The discriminant ability
of the model is evident; a clear separation between samples
assigned to the two types of infections can be observed.
There is no overlap between the 95% confidence ellipses
which indicates that the model has a high discriminant
ability. Only three patients (Nos. 17, 36, and 84) were
misclassified. No. 17 and No. 36 belonged to a four-year-
old boy and a three-year-old girl, respectively. They were
the youngest two COVID-19 patients. No. 84 belonged to
a 46-year-old female with other pulmonary infections. The
percentage of correct classification using the first two
dimensions was 96.6% in the PLS-DA model (95.1% in
the five-fold cross-validation model).

To identify the most discriminant subset of biomarkers,
we examined the relationship between each biomarker and
the two dimensions. Figure 2 shows a correlation circle
plot of the correlation coefficients. The biomarkers PT,
PTA, INR, BAS, and BAS% had a very strong correlation
with the first dimension, but little correlation with
the second. Of these five biomarkers, PTA was negatively
correlated with the first dimension, while the other four
were positively correlated. The biomarkers NEUT, NEUT
%, WBC, LDH, DB and LYM% had strong correlations
with the second dimension, but little correlation with the
first. Of these six biomarkers, LYM% was negatively
correlated with the second dimension, while the other
five were positively correlated. The correlation coefficients
between all other biomarkers and the two dimensions were
less than 0.5, which indicates that they contributed little to
the discrimination of the two types of infections.
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Table | Demographic and Clinical Characteristics of 88 Patients
with COVID-19 and Other Pulmonary Infections on Hospital

Table | (Continued).

Admission in Kunming, Yunnan Province, China All Type of Pulmonary P value
Patients Infection
All Type of Pulmonary P value 88
Patients Infection (n=88) COVID-19 | Others
(n=88) COVID-19 | Others (n=39) (n=49)
(n=39) (n=49) Renal disease 0.501
No 86 (97.7) | 39 (100) 47 (95.9)
Age group (years) 0.256 Y
es 2 (23) 0 (0) 2 (4.1)
<18 12(13.6) | 6(154) 6(122)
18-39 30 (34.1) | 10 (256) 20 (40.8)
40-59 33(37.5 | 15(385) 18 (36.7)
260 13 (14.8 8 (20.5 5(102 . .
8 o009 (102 Discussion
Sex 0232 Our study demonstrated differences in biomarkers between
Femal 40 (45.5 21 (53.8 19 (38.8 . . .
emae (453) (38) (388) COVID-19 patients and other pulmonary infection
Male 48 (545) | 18 (46.2) 30 (612 i ] o
patients. We used a PLS-DA model analysis and identified
Highest 0632 that the most discriminating biomarkers were BAS, BASP,
temperature (°C)
<375 54(614) | 26 (66.7) 28 (57.1) PTA, PT, and INR.
37.5-38 12 (13.6) | 5(128) 7 (143) The COVID-19 patients in Kunming were balanced in
>38 22(25.0) | 8(20.5) 14 (28.6) terms of sex and covered all age groups. This finding is
Cough 0203 consistent with results reported from other areas outside
No 33 (37.5) 18 (46.2) 15 (30.6) Wuhan.’ Symptoms of COVID-19 patients were not sig-
Yes 35 (625) | 21 (338) 34(694) nificantly different from those of other pulmonary infec-
Chills 0.104 tion patients. The symptoms of SARS-Cov-2 infection are
No 73 (830) | 29 (744) 44(89.8) atypical, most have only low fever, and are similar to other
Ye 15 (17.0 10 (25.6 5(102 . . .
i (179 @8 (192 pulmonary infections, which leads to many early-stage
Muscle soreness 0.058 COVID-19 patients missed. The patients admitted to the
No 72818 ) 28 (718 4 @8 ICU were older and had a greater number of comorbid
Yes 16 (182) | 11(282) 5(102) o i o
conditions than those not admitted to the ICU. Clinical
Fatigue 0433 symptoms are not obviously serious among COVID-19
No 72 81.8) | 30 (76.9) 42 (85.7) . .
Ves 16(182) | 9 @31 7 (143) cases and may be explained by molecule virology: SARS-
Cov-2 likely uses human angiotensin-converting enzyme
Chest congestion 0.446 2 th ¢ " 10-12 hich is f d ori i1v in th
No 75 @52 | 35@©7) 2 @16) as the entry receptor, which is found primarily in the
Yes 13(148) | 4(103) 9 (18.4) lower respiratory tract, rather than in the upper airway.13
0, _ .
Diarrhea 0.289 Only 5 (12.8%) of the 39 confirmed COVID-19 cases in
No 78 (886) | 33 (84.6) 45(91.8) this study were admitted to the intensive care unit, whereas
Yes 10 (11.4) 6 (15.4) 4(82) in Wuhan, based on early reports, the percentage was in
Hypertension 0.600 the range of 26-32%.>'* A biological mechanism such as
No 71 (80.7) | 30 (76.9) 41 (83.7) antibody-dependent enhancement occurring may explain
Yes 17.(193) | 9@23.) 8 (16.3) the geographic discrepancy in the severity of cases.'?
Diabetes 0.999 We compared, between the two groups of confirmed
No 79 (89.8) | 35(89.7) 44 (89.8) cases, several characteristics including severe, common,
Yes 9(102) 4(103) 5(102) : .
and asymptomatic cases, as well as pneumonia-absent
Hepatic disease 0377 cases, with other pulmonary infections. We found some
No 83 (943) | 38(974) | 45(918) clinical characteristics that differentiated COVID-19 from
Yes 5(57) I (2.6) 4(82) . . .
other pulmonary infections. Lymphocytopenia was com-
(Continued)  mon in both groups and was consistent with the results of
2612  submit your manuscript Infection and Drug Resistance 2020:13
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Table 2 Biomarkers in Patients with COVID-19 and Other Pulmonary Infections on Hospital Admission in Yunnan Province, China

Biomarker All Patients (n=88) Pulmonary Infection P value
COVID-19 (n=39) Others (n=49)

White blood cell count (10° cells per L) 5.64 (4.55, 7.34) 5.09 (3.88, 6.29) 5.99 (5.13, 7.75) 0.006
Neutrophil count (10° cells per L) 3.61 (2.60, 4.81) 3.47 (2.56, 4.38) 3.95 (2.62, 5.08) 0.220
Proportion of neutrophils (%), mean (SD) 59.1 (13.8) 60.8 (14.6) 57.8 (13.1) 0.306"
Eosinophils count (10° cells per L) 0.06 (0.03, 0.13) 0.06 (0.03, 0.08) 0.08 (0.03, 0.17) 0.325
Proportion of eosinophils (%) 1.20 (0.50, 2.30) 1.04 (0.50, 2.05) 1.50 (0.50, 2.40) 0.534
Basophils count (10° cells per L) 0.02 (0.01, 0.04) 0.01 (0.00, 0.01) 0.03 (0.02, 0.05) < 0.001
Proportion of basophils (%) 0.30 (0.13, 0.70) 0.10 (0.00, 0.20) 0.60 (0.40, 0.70) < 0.001
Lymphocyte count (10° cells per L), mean (SD) 1.75 (0.73) 1.50 (0.56) 1.95 (0.79) 0.003"
Proportion of lymphocyte, mean (SD) 30.1 (11.3) 29.1 (10.9) 30.9 (11.6) 0.469"
Monocytes count (10° cells per L) 0.46 (0.36, 0.61) 0.43 (0.34, 0.55) 0.46 (0.38, 0.68) 0217
Proportion of monocytes, mean (SD) 8.08 (2.71) 7.83 (2.80) 8.27 (2.65) 04517
Red blood cell count (10° cells per L), mean (SD) 4.69 (0.62) 4.67 (0.61) 4.70 (0.63) 0.809"
Haemoglobin (g/L), mean (SD) 143.1 (18.63) 141.15 (17.6) 144.6 (19.5) 0.399"
Platelet count (10° cells per L) 246.5 (188.5, 297.3) 251.0 (202.5, 313.5) 231.0 (182.0, 290.0) 0.218
Prothrombin time (s) 12.3 (9.1, 13.2) 8.94 (8.39, 9.68) 13.1 (12.7, 13.8) < 0.001
Prothrombin time activity (%), mean (SD) 93.6 (23.3) 112.5 (17.4) 76.9 (12.5) <0001t
International normalized ratio 0.97 (0.77, 1.07) 0.77 (0.72, 0.82) 1.07 (1.01, 1.13) < 0.001
Fibrinogen (g/dL) 3.24 (2,61, 4.22) 3.34 (2.59, 4.2) 3.15 (272, 4.17) 0.769
Total bilirubin (umol/L) 1.1 (8.07, 15.6) 10.2 (7.70, 14.25) 12.1 (8.50, 18.95) 0.176
Direct bilirubin (umol/L) 3.0 (2.2, 4.0) 3.30 (2.30, 4.05) 2.9 (2.15, 3.90) 0.485
Indirect bilirubin(pmol/L) 8.90 (6.25, 13.80) 8.10 (6.20, 10.85) 10.0 (6.50, 15.2) 0.127
Aspartate aminotransferase (U/L) 22.0 (17.5,29) 20.0 (15.0, 25.5) 24.5 (19.8, 34.3) 0.002
Alanine aminotransferase (U/L) 23.6 (14.7, 33.0) 23.2 (154, 32.3) 24.0 (13.5, 33.5) 0.849
Albumin (g/L), mean (SD) 40.0 (6.17) 40.4 (6.56) 39.7 (5.87) 0.628"
Globin (g/L) 28.7 (25.9, 32.4) 29.3 (26.85, 33.35) 28.2 (25.7, 31.0) 0.074
Total protein (g/L) 68.7 (65.6, 72.8) 70.3 (66.9, 73.35) 67.9 (64.3,71.3) 0.034
Urea (mmol/L) 3.68 (2.84, 4.90) 3.10 (2.60, 4.55) 3.84 (3.20, 4.90) 0.075
Creatinine (umol/L) 59.8 (48.3, 75.0) 58.0 (46.2, 70.2) 61.5 (49.0, 75.0) 0.209
Uric acid (pmol/L) 296.1 (243.5, 366.7) 281 (207, 362) 310 (265, 380) 0.038
Creatine kinase (U/L) 77.1 (57.7, 106.5) 63.8 (51.7, 90.25) 87.0 (71.0, 126.5) 0.005
Lactic dehydrogenase (U/L) 186.0 (156.0, 234.0) 175.0 (147.0, 215.5) 198.0 (163.0, 238.0) 0.123
Myoglobin (ug/L) 21.0 (182, 26.2) 18.02 (15.35, 23.34) 21.0 (21.0, 31.3) < 0.001
Procalcitonin (ng/mL) 0.05 (0.04, 0.05) 0.05 (0.05, 0.05) 0.04 (0.02, 0.1) 0.425
C-reactive protein (mg/L) 2.75 (0.98, 12.12) 2.67 (0.96, 6.75) 3.0 (1.2, 18.5) 0.351

Notes: Values are medians (interquartile ranges) unless stated otherwise; ft-test.

recent reports.>*'® Since young children normally have
a higher lymphocyte count, this may explain why sample
No.17, a confirmed COVID-19 case, was more similar to
the other pulmonary infection patients (Figure 1).

The most discriminating biomarkers in the PLS-DA
model were BAS, BASP, PTA, PT, and INR. Decreasing
basophils is common in COVID-19 patients indicating that
basophils are effector cells in COVID-19 infection.
Basophils play an important role in the production of
T lymphocytes which are critical for immune function. In
vitro, basophils are able to alter lymphocyte responses;'’

in vivo, they may drive the development of T helper type 2

immunity,'®2°

and enhance antibody production in protec-
tive immunity®' and in autoimmunity.”* Reduction in baso-
philic granulocytes may mark the onset of COVID-19
disruption of adaptive immunity from infection, since baso-
phils seem to control the adaptive immunity of infection.'”
Some of the coagulation parameters were different between
COVID-19 patients and other pulmonary infection patients.
Relatively lower PT and INR and relatively higher PTA were
found in COVID-19 patients, which indicates that they were
in a state of relatively higher coagulation. The higher coagu-
lation state may be related to absence of plasminogen and this

can blunt inflammation in response to several inflammatory
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Figure 2 Correlation circle plot for the first two dimensions of the PLS-DA model.

stimuli and even suppresses the development of lesions.** 2

This could explain the extent of clinical inflammation symp-
toms being not obvious in COVID-19 patients. As COVID-
19 progresses, it is very likely that the proinflammatory
properties of plasminogen will play a significant role in the
pathogenesis of this infection in severe cases. A study con-
ducted in Wuhan found that coagulation activation and sec-
ondary hyperfibrinolysis occurred in severe COVID-19
patients, and presumably, fibrinolysis may also be induced.*’

Our study has several limitations. First, the medical
information of some cases was documented only very

briefly and laboratory testing was incomplete. There were
several types of infections included in the other pulmonary
group; however, most were unknown to our hospital — the
infections were confirmed by the Centers for Disease
Control who could only guarantee that they did not have
COVID-19. Some viral infections may have been missed
in this study because only a limited number of viruses
were screened in the assay. Therefore, we could not
include more potential confounders such as other biomar-
kers in our model. Second, the relatively small sample size
prevents us from performing external validation of the
model or subgroup analyses. Third, the generalization of
our results is limited and thus needs to be verified by
further studies. Although our analyses provided some dif-
ferences of integrated factors from biomarkers between
COVID-19 patients
patients, the integrated factors are not a sufficient condi-

and other pulmonary infection
tion to confirm whether the patient is infected with
COVID-19. Further studies are required to understand
the mechanisms of biomarkers of the immune response
in COVID-19 patients.

Control and prevention of a disease is extremely difficult
if infected individuals are asymptomatic.?® Identification and
control of asymptomatic individuals are important measures
to prevent transmission,”’ especially in the later stages of
prevention and control. Although RT-PCR has been widely
deployed in diagnostic virology and has yielded few false-
positive outcomes,”” false-negatives can still occur.
Asymptomatic COVID-19 cases have similar integrated fac-
tors of biomarkers to symptomatic cases. The integrated
factors of biomarkers of COVID-19 cases are significantly
different from other pulmonary infection patients. Integration
of bio-markers can identify COVID-19 patients from other
pulmonary infections on admission in the corresponding
period. We expect that our results could be used as
a supplement to nucleic acid tests and provide clues to the
blood analysis of COVID-19 patients.
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