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ABSTRACT

Objective. The aim of this study was to analyze in a pro-
spective cohort of hospitalized COVID-19 patients the rela-
tionship between biomarkers levels and their variation within
the first 4 days since admission, and prognosis.

Material and methods. Prospective cohort study. Indi-
viduals with confirmed diagnosis of covid-19 admitted in our
hospital were included. Blood samples were obtained system-
atically on days 1 and 4 of hospitalization. Levels of RCP, LDH,
Ferritin and D-dimer, together with platelets, lymphocytes and
neutrophils counts were measured. A combined outcome that
included ICU admission and death was considered the primary
outcome. Logistic regression analysis was performed.

Results. We included 335 patients with confirmed COV-
ID-19. During their hospitalization, 23 (6.8%) needed ICU
admission, and 10 (2.9%) died. In the multivariate analysis, a
value of RCP greater than 10 mg/dl (OR 8.69, Cl95% 1.45-52)
an increase in RCP greater than 20% (OR 26.08, Cl 95% 3.21-
211.3), an increase in LDH greater than 20% (OR 6.29, Cl 95%
1.84-21.44), a count of lymphocytes lower than 1500/mm3
(OR 2.74, Cl 95% 1.04-7.23), a D-dimer value greater than 550
ng/ml (OR 9.8, Cl 95% 1.78-53.9) and a neutrophil/lymphocyte
index greater than 3(OR 4.5, Cl 95% 1.43-14.19) were all asso-
ciated with the primary outcome.

Conclusion. Our study shows that the utilization of static
and dynamic biomarkers may represent an important tool to
assess prognosis of COVID-19 patients.
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Valor prondstico de biomarcadores estaticos
y dinamicos en pacientes con COVID-19: un
estudio de cohorte prospectivo

RESUMEN

Objetivo. El objetivo de este estudio es analizar en una
cohorte prospectiva de pacientes internados por COVID-19, el
valor pronostico de los niveles de biomarcadores y su variacion
en los primeros cuatro dias de internacion.

Material y métodos. Estudio de cohorte prospectivo.
Se incluyeron individuos con diagndstico confirmado de CO-
VID-19 ingresados en nuestro hospital. Se obtuvieron muestras
de sangre de forma sistematica los dias 1y 4 de internacion. Se
midieron los niveles de PCR, LDH, ferritina y dimero-D, junto
con recuento de plaquetas, linfocitos y neutrofilos. Una varia-
ble de desenlace combinada que incluia la admision a la UCl y
la muerte se considerd como resultado primario. Se realizd un
analisis de regresion logistica.

Resultados. Se incluyeron 335 pacientes con COVID-19
confirmado. Durante su internacion, 23 (6,8%) necesitaron
ingreso en UCl y 10 (2,9%) fallecieron. En el andlisis multiva-
riado, un valor de PCR superior a 10 mg/dl (OR 8,69, IC 95%
1,45-52), un aumento de PCR superior al 20% (OR 26,08, IC
95% 3,21-211,3), un aumento de LDH superior al 20% (OR
6,29, IC 950% 1,84-21,44), un recuento de linfocitos inferior a
1500/mm3 (OR 2,74, IC 95% 1,04-7,23), un valor de dimero-D
superior a 550 ng/ml (OR 9,8, IC 95% 1,78-53,9) y un indice de
neutrofilos/linfocitos superior a 3 (OR 4,5, IC 95% 1,43-14,19)
se asociaron con el resultado primario.

Conclusion. Nuestro estudio muestra que la utilizacion
de biomarcadores estaticos y dinamicos puede representar una
herramienta importante para evaluar el prondstico de los pa-
cientes con COVID-19.

Palabras clave: COVID-19, biomarcadores, inflamacion.
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INTRODUCTION

In December 2019, the WHO was warned by the Chinese
health authorities about the presence of patients with pneu-
monia of unknown etiology. Later, the cause would be identi-
fied as a virus named SARS-COV-2, and the disease was called
COVID-19 [1, 2]. Given the huge number of patients affected
by this disease and the magnitude of the challenge, it is nec-
essary to develop tools to accurately predict the risk of an un-
favorable evolution. This could help to optimize the utilization
of resources in the management of COVID-19 patients.

Objective clinical parameters have been studied with the
aim identifying those patients at risk of presenting severe
forms of the disease. Also, several scores have been proposed
with that objective, with good results [3-6]. As an example, the
modified NEWS score has proved to be an interesting tool to
assess the severity of the disease and prognosis in COVID 19
patients [6]. However, all those scores share the same defect,
they cannot anticipate the clinical worsen, because the were
built with clinical parameters. The ideal predictor would be one
that anticipates the deterioration, when patients are still sta-
ble.

Objective laboratory parameters with the ability to dis-
criminate cases with worse prognosis could help to alert physi-
cians before the complications appear. In this clinical scenario,
the utilization of serum biomarkers could represent an impor-
tant help. Focusing on their ability to predict prognosis, vari-
ous authors studied different biologic parameters.

During the beginning of the pandemic a group of re-
searchers in China showed the association between some
biomarkers, such as elevated CRP and lymphopenia, and an
increase in the requirement of ICU admission, intubation or
death [7,8]. This initial information was reproduced by new
studies and confirmed by a meta-analysis [9-11]. However,
these studies considered only the values at patients admis-
sion, leaving aside the change in the biomarkers values during
the hospitalization. Given that patients with severe forms of
COVID-19 have shown to worsen after 5-7 days since the be-
ginning of symptoms, it makes sense to study the association
between the change in biomarkers values in the first 4 days,
and the development of complications [12, 13]. Few studies
have focused on this hypothesis. A group of authors found as-
sociation between the variation of biomarkers values during
hospitalization and prognosis in a retrospective study, sup-
porting this strategy [14]. However, prospective cohort studies
designed to test this strategy and define clear cut-off points
are lacking.

The aim of this study was to analyze in a prospective co-
hort of hospitalized COVID-19 patients, the relationship be-
tween the variations of biomarkers values within the first 4
days since admission and prognosis.

MATERIAL AND METHODS

We conducted a prospective cohort study in Juan A. Fer-

nandez Hospital, a public academic healthcare institution
located in Buenos Aires city, designated to give attention to
suspected and confirmed cases of COVID-19. Individuals with
diagnosis of COVID-19 of 18 years old or more who were at-
tended between April 24 and June 24 were included. The diag-
nosis of COVID-19 was confirmed with a positive RT-PCR assay
for SARS-CoV-2 in nasopharyngeal swab.

Data was collected in a structured form, including: demo-
graphic and epidemiological information, comorbidities (dia-
betes, obesity, hypertension, congestive heart failure, coronary
disease, HIV infection, chronic kidney disease, alcohol abuse,
smoking history, COPD, asthma, and tuberculosis), signs and
symptoms at disease onset, vital signs (blood pressure, heart
and respiratory rate, temperature and blood oxygen satura-
tion by pulse oximetry), blood test and chest image results. A
member of the data management team, reviewed by a second
member of the same team, loaded data submitted by physi-
cians on a paper form into a digital database. The diagnosis of
pneumonia was defined as the presence of compatible signs
and symptoms (fever with cough or dyspnea) with imaging
confirmation. The images used to make pneumonia diagnosis
were chest x-ray, lung ultrasound, and chest CT (performed
in patients in whom the diagnosis of pneumonia was still not
clear after the realization of x-ray or lung ultrasound).

Blood samples were obtained systematically on days 1 and
4 of hospitalization. Levels of RCP and LDH were measured on
both samples, together with platelets, lymphocytes and neu-
trophils counts. Ferritin and D-dimer levels were measured
only on day 4. We calculated the change in the value of the
biomarkers between day 1 and 4. Their values were studied as
prognostic predictors. RCP levels were measured by immuno-
turbidimetry, with a cut off value of 0.6 mg/dl. LDH levels were
measured by an enzymatic method (IFCC), with a cut off val-
ue of 200 U/ml. Ferritin was measured by chemiluminescence,
with a reference value of 11-306 ng/ml. D-dimer was meas-
ured by ELISA, with a cut off value of 230 ng/ml. We used the
NEWS score to assess patient's severity at admission. We com-
pared NEWS value at day 1 and day 4, with the aim of knowing
if the change in biomarkers values during the first days was
associated with a change in clinical status previous to the de-
velopment of the outcomes.

Two outcomes were analyzed. A combined outcome that
included ICU admission and death was considered the primary
outcome. Prolonged hospitalization (defined as a time between
admission and discharge larger than 10 days) was analyzed as
a secondary outcome.

Statistical analysis. We grouped patients according to
the occurrence or not of each outcome. Values of the differ-
ent biomarkers were compared using T-test, or Mann-Whitney
test, depending on the presence or not of normal distribution.
When differences between groups were statistically signifi-
cant, univariate logistic regression was performed. Biomarkers
values were categorized according to cut-off points defined by
receiver operating curve (ROC) analysis. Statistical significance
was analyzed with Wald test. Variables with a p value of 0.1 or

Rev Esp Quimioter 2021;34(4): 308-314 309



M. Hormanstorfer, et al. Prognostic value of static and dynamic biomarkers in COVID-19 patients: a prospective cohort study

lower were considered candidates for the multivariate analysis.
Variables were adjusted to the patients age, and to the need
of supplemental oxygen, since both covariables have shown in
different publications to have a significant impact on progno-
sis [15-17]. The OR of the change of a biomarker between days
1 and 4 was also adjusted to the baseline value of the same
biomarker. ORs and their Cl95% were reported.

The manuscript was written according to the STROBE in-
itiative for the communication of observational studies [18].
The Institutional Ethics Committee of Fernandez Hospital re-
viewed and approved the second version of the protocol dated
on May 11, 2020. Disposition number: DI-2020-393-GCABA-
HGAJAF

RESULTS

Between April 24 and June 24 of 2020, 335 patients with
confirmed COVID-19 were admitted in the Fernandez Hospi-
tal. Baseline characteristics of patients are shown in Table 1.
The mean (SD) age was 44.85 years (17.17), with mild predom-
inance of male gender (52%) The most common symptoms at
baseline were fever (60.36%) and cough (60.06%). Obesity and
hypertension were the most common comorbidities (21.02%
and 17.37% respectively). A total of 190 patients (57.05%)
received the diagnosis of pneumonia, and 17.72% needed
supplementary oxygen. Regarding the evolution during hos-
pitalization, 16.92% developed respiratory insufficiency, 6.87%
needed ICU admission, and 2.99% died.

The occurrence of the combined outcome ICU admission
or death was associated with higher values of RPC, LDH, D-di-
mer, and Neutrophils/lymphocytes index, and a lower lympho-
cytes count. Also, the change in RPC and LDH between days 1
and 4 were associated with this outcome (table 2).

On the other hand, a prolonged hospitalization was as-
sociated with higher values of RPC, LDH, ferritin, D-dimer,
and Neutrophils/lymphocytes index, and a lower lymphocytes
count. The change in RPC between days 1 and 4 was also asso-
ciated with prolonged hospitalization (table 3).

The logistic regression analysis to predict ICU admission
or death is shown in table 4. A RCP value greater than 10
mg/dl, a change in RPC between days 1 and 4 greater than
20%, a value of LDH above 400 U/ml, a change in LDH value
greater than 20%, a value of lymphocytes below 1500/mm3,
a D-dimer value above 550 ng/ml, and a NLI greater than 3
were all significantly associated with the outcome in the uni-
variate and multivariate analysis. The higher OR was observed
with the increase of RCP greater than 20% (adjusted OR 26.08,
Cl95% 3.21-211.3).

The logistic regression analysis to predict prolonged hospi-
talization is shown in table 5. A RCP value greater than 10 mg/
dl, a change in RPC greater than 20%, a value of LDH above
400 U[ml, a change in LDH value greater than 20%, a value of
lymphocytes below 1500/mm3, a D-dimer value above 550 ng/
ml, a NLI greater than 3, and a value of ferritin greater than
900 ng/ml were all significantly associated with the outcome

Table 1 Demographic and clinical characteristics

of the cohort (N=335)

Age, mean (SD)
Male gender, n (%)
Diagnosis of pneumonia, n (%)
Comorbidities
QObesity, n (%)
HIV, n(%)
Chronic kindey disease, n (%)
Current smoker, n(%)
Asthma, n(%)
Hypertension, n(%)
Congestive heart Failure, n(%)
Coronary disease, n(%)
ACEls, n (%)
ARBs, n (%)
Manifestations
Fever, n (%)
Dyspnea, n (%)
Diarrhea, n (%)
Malaise, n (%)
Cough, n (%)
Sore throat, n (%)
Headache, n (%)
Myalgia, n (%)
Arthralgia, n (%)
Anosmia or dysgeusia, n (%)
Physical exam
Systolic blood pressure, mean (SD)
Temperature, mean (SD)
Heart rate, mean (SD)
Respiratory rate, mean (SD)
Oxygen saturation, mean (SD)
Suplementary oxygen, n (%)
NEWS score at admission, median (IQR)
Blood tests
Platelets, median (IQR)
Lymphocytes/mm?, mean (SD)
RCP (mg/dI), median (IQR)
LDH (U/ml), median (IQR)
CPK (mg/dl), median, (SD)
D Dimer (ng/ml), mean (SD)
Ferritin (ng/ml), mean (SD)
Evolution
Respiratory insufficiency, n (%)
Mechanical ventilation, n (%)
ICU admission, n (%)
Death, n (%)

44.85 (17.17)
177 (52)
190 (57.05)

70 (21.02)
4(12)
6(1.8)

32 (9.58)

20 (5.99)

58 (17.37)
4(1.2)
4(1.2)

25 (7.53)

10 (3.01)

201 (60.36)
112 (33.63)
49 (14.71)
142 (42.64)
200 (60.06)
95 (28.53)
165 (49.55)
105 (31.63)
58 (17.42)
105 (32.51)

121.73 (15.33)
16.79 (0.93)
90.82 (14.27)
20.47 (4.87)
96.04 (2.45)
56 (17.72)
2(1-4)

199 (155-250)
1457.4 (564.6)
3.39 (0.9-6.94)
246.5 (200-310)

64.5 (44-101)
265 (226.5-397)
414.6 (157-730)

55 (16.92)
13 (4.59)
23 (6.87)
10 (2.99)
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Table 2
outcome ICU admission or death.

Comparison of biomarker value according to the occurrence of the combined

ICU admission or death No ICU admission nor death P value
RCP (mg/dI), median (IQR) 9 (4.6-17) 2.82 (0.77-6.34) <0.0001
Change in RCP%, median (IQR) 59.12 (-74.1 to 120.9) -6.75 (-51.6 to 56.6) 0.0207
LDH (U/ml), median (IQR) 294 (230-418) 240 (195-300) 0.0057
Change in LDH%, median (IQR) 22 (-2.8 t0 39.1) 0.85(-13.7 to 13) 0.0171
Ferritin (ng/ml), median (IQR) 447 (325-561) 412.2 (151.4-770) 0.693
D-dimer (ng/ml), median (IQR) 694 (365-1900) 261.5 (226-368) 0.0009
Platelets/mm®, median (IQR) 189 (155-242) 199.5 (155-251) 0.786
Change in platelets %, median (IQR) 10.81 (-6.4 t0 31.7) 18.5 (0.46-41.5) 0.275
Lymphocytes/mm?, mean (SD) 1229.1 (473.4) 1685.7 (705.5) 0.0007
Change in lymphocytes %, median (IQR) -1.95 (-26 to 27.5) 5.52 (-10.1 to 35.8) 0.349
Neutrophils/lymphocytes index, median (IQR) 6(3.9-7.7) 2.64 (1.64-4.3) <0.0001

Table 3
hospitalization.

Comparison of biomarker values according to the occurrence of the event prolonged

Prolonged hospitalization No prolonged hospitalization P value
RCP (mg/dI), median (IQR) 2.77 (0.77-8.72) 1.7 (0.55-4.9) <0.0001
Change in RCP%, median (IQR) 18.19 (-44.1 to 114.4) -014.9 (-60.4 to 24.1) 0.0113
LDH (U/ml), median (IQR) 255 (210-335) 233 (192-291) 0.0039
Change in LDH%, median (IQR) 2.9 (-12.1 t0 23.1) 1.99 (-15.5 t0 12.2) 0.199
Ferritin (ng/ml), median (IQR) 465 (225-980) 338 (103-599) 0.015
D-dimer ng/ml, median (IQR) 290.5 (237-1-25) 247 (218-330) 0.0155
Platelts/mm?, median (IQR) 196 (159-247) 200 (153-253) 0.694
Change in platelets %, median (IQR) 17.9 (-1.79 to 36.1) 18.2 (0.49-44.5) 0.583
Lymphocytes/mm?, mean (SD) 1498.2 (699.6) 1760.4 (722.6) 0.0008
Change in lymphocytes %, median (IQR) 2.33 (-13.9 to 27.5) 8.13 (-8 10 39.2) 0.1703
Neutrophils/lymphocytes index, median (IQR) 3.4 (2-6) 2.5 (1.5-4.1) <0.0001

in the univariate analysis. After adjusting for potential con-
founders, only an increase in RCP or LDH values greater than
20% and the baseline value of ferritin conserved statistical sig-
nificance. The higher OR was observed with the baseline value
of ferritin (adjusted OR 3.36, CI95% 1.11-10.11). The median
(IQR) of NEWS score at day 1 was not significantly different
from the score at day 4 [2 (1-4) vs 2 (1-4); p=0.13].

DISCUSSION

Our study shows a set of biomarkers (RCP, LDH, lympho-
cytes count, ferritin, D-dimer and NLI) which baseline levels
can predict a poor outcome in patients with COVID-19. Also,

Rev Esp Quimioter 2021;34(4): 308-314

we found that a dynamic evaluation of some of these bio-
markers (RCP and LDH) is another important tool for the COV-
ID-19 patient's management.

During the course of COVID-19 disease, dysregulation of
the inflammatory immune response and increased proinflam-
matory cytokine/chemokine production results in a dynamic
process that received the name of “cytokine storm”, which is
associated with tissue damage and thus respiratory or multiple
organ failure [19-22]. Previous data in the literature shows the
role of biomarkers determinations to identify these patients
and predict worse prognostic [10,23]. Our study reaffirms
these findings and introduces the concept of dynamic change
in biomarkers as another factor associated with the severity
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Table 4 Univariate and multivariate logistic regression analysis to predict ICU admission or death.
Unadjusted OR C1'95% P value Adjusted OR C195% P value
RCP = 10 mg/d 8.14 3.25-20.35 <0.0001 8.69 1.45-52.08 0.018
Change in RCP = 20% 11.41 2.45-52.95 0.002 26.08 3.21-211.3 0.002
LDH = 400 U/d| 3.96 1.42-11.06 0.008 1.66 0.38-7.17 0.06
Change in LDH = 20% 4.53 1.57-13.04 0.005 6.29 1.84-21.44 0.003
Lymphocytes < 1500/mm? 4.25 1.76-10.28 0.001 2.74 1.04-7.23 0.041
D-dimer = 550 ng/ml 103 2.6-40.78 0.001 9.8 1.78-53.9 0.009
NLI =3 8.46 2.87-24.95 <0.0001 45 1.43-14.19 0.01
NLI: neutrophil/lymphocyte index
Table 5 Univariate and multivariate logistic regression analysis to prolonged hospitalization
Unadjusted OR Cl95% P value Adjusted OR Cl 95% P value

RCP = 10 mg/d 2.87 1.37-6.02 0.005 1.18 0.44-3.16 0.732
Change in RCP = 20% 2.6 1.34-5.02 0.004 1.18 0.44-3.16 0.013
LDH = 400 U/ml 2.96 1.28-6.83 0.01 173 0.65-4.64 0.27

Change in LDH = 20% 2.74 1.26-5.94 0.011 2.75 1.23-6.13 0.013
Lymphocytes < 1500/mm? 1.79 1.14-2.8 0.01 1.49 0.92-2.43 0.101
D-dimer = 550 ng/ml 2.74 0.98-7.61 0.052 2.39 0.82-6.97 0.109
Ferritin = 900 ng/ml 3.53 1.22-10.1 0.019 3.36 1.11-10.11 0.031
NLI =3 2 1.28-3.13 0.002 1.59 0.97-2.6 0.062

NLI: neutrophil/lymphocyte index

and progression of COVID-19. Few of the previous studies in
the literature analyze this dynamic approach. R. Chen et al.
retrospectively investigated the value of biomarkers upon ad-
mission and longitudinal variation during the hospitalization
and revealed clear differences between survivors and deceased
patients. Progressive increase in neutrophils, basophils, and IL-
19 were identified as risk factors for unfavorable evolution in
COVID-19 [19]. In another retrospective study, dynamic vari-
ation of D-dimer and the neutrophil-lymphocyte ratio (NLR)
were even better predictors of bad prognosis than their isolat-
ed baseline value [24].

In the present study, we prospectively analyzed not only
the clinical significance of static value of RCP, LDH, platelets,
lymphocytes, neutrophils, Ferritin and D-dimer (day 4) but also
the dynamic change in RCP, LDH, platelets and Neutrophils/
lymphocytes index in the first four days since admission, and
we expressed this change in percentage value. We found that
an increase in the levels of RCP between days 1 and 4 greater
than 20% has more impact on prognosis than its baseline lev-
els. This impact in prognosis increases after adjusting for age
(the most important prognostic factor reported) and severity
in the multivariate analysis [15,25]. Interestingly, this effect is

independent from the RCP baseline value. Also, the values of
the NEWS score between days 1 and 4 were not significantly
different, which means that the change in biomarkers values
was previous to the change in clinical status. This fact high-
lights the importance of this approach.

It is important to mention that our cohort had a rela-
tively low incidence of supplemental oxygen requirement,
UCI admission and death compared with other studies [7].
This fact is related to the admission criteria used at the be-
ginning of the pandemic, when patients with mild forms of
the disease where admitted with the aim of isolate them
from the community.

Results of the Randomised Evaluation of COVID-19 Ther-
apy (RECOVERY) trial showed a reduction of mortality in pa-
tients randomized to receive dexamethasone, compared with
those who received standard care. This benefit was observed
only in patients who required supplemental oxygen or me-
chanical ventilation [26]. As was previously mentioned, the
dysregulation of inflammatory immune response plays a key
role in the development of tissue damage and respiratory or
multiple organ failure. Keller et al. extended the results of the
RECOVERY trial, and identified cutoff points for CRP levels that
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can help to define which patients are more likely to be benefit-
ed or harmed with corticosteroids treatment [27].

Our study has some limitations. First, it was performed
in one single center, what implies the possible introduction
of selection bias. Second, not all biomarkers were studied in a
dynamic way (i.e. D-dimer). Third, we did not perform an ac-
tive follow up after discharge, what implies that some patients
could have been admitted again in another center.

To our knowledge, this is the first study that analyzes the
dynamic behaviour of biomarkers in a prospective cohort design.
The biomarkers that were analyzed in this study are widely avail-
able. His fact highlights the importance of our results and their
potential impact in clinical practice. Patients with a biomarker’'s
pattern that predicts a poor outcome could receive a more in-
tensive monitoring, and an early treatment with steroids. Ad-
ditional studies are needed to further elucidate the role of bio-
markers and their dynamic change to predict the clinical course
and guide therapeutic decisions. However, we believe that our
results can represent a contribution to that approach.
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