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Introduction: The pressure over health systems caused by the COVID-19 pandemic brought
about the need to develop tools that would allow for the identification of those patients that
require immediate attention. Our objective was to identify clinical and biochemical predictors of
poor outcomes (PO) in a cohort of patients hospitalized due to COVID-19 in an Argentinean
public hospital.

Methods: Prospective cohort study conducted from March 3rd, 2020 to February 16th, 2021 in a
tertiary care center in Santa Fe, Argentina. Clinical and biochemical characteristics of patients
with COVID-19 pneumonia admitted consecutively were analyzed in order to identify predictors
of a composite of poor outcomes (PO) -all-cause mortality and/or need for invasive mechanical
ventilation.

Results: 421 patients were included. The mean age was 56.13 + 15.05 years. 57.0% were males.
79.7% presented at least one comorbidity. 27.7% (n=116) presented PO. In the multivariate
analysis, a higher 4C-score and a higher LDH, as well as a lower Sat02/Fi02, were associated
with a higher risk of PO. No variable reached an AUC of 0.800 in the ROC analysis. 4C-score
presented a numerically higher AUC (0.766 IC 95% 0.715-0.817).

Conclusions: Each point that the 4C-score increases, the risk of PO rises by 28%. Also, for every
100-units increase in LDH or 50-units decrease in SatO2/FiO2 at admission, there is a 20%
increased risk of PO.

© 2021 The Authors. Published by Iberoamerican Journal of Medicine. This is an open access article under the
CC BY license (http://creativecommons. org/licenses/by/4.0/).
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Introduccién: La presion sobre los sistemas de salud provocada por la pandemia COVID-19
genero la necesidad de desarrollar herramientas que permitan identificar a aquellos pacientes
que requieren atencién inmediata. Nuestro objetivo fue identificar predictores clinicos y
bioquimicos de malos resultados (PO) en una cohorte de pacientes hospitalizados por COVID-19
en un hospital publico argentino.

Métodos: Estudio de cohorte prospectivo realizado del 3 de marzo de 2020 al 16 de febrero de
2021 en un centro de tercer nivel de atenciéon de Santa Fe, Argentina. Se analizaron las
caracteristicas clinicas y bioquimicas de los pacientes con neumonia COVID-19 ingresados
consecutivamente con el fin de identificar predictores de una combinacién de malos resultados
(PO): mortalidad por todas las causas y / o necesidad de ventilacién mecanica invasiva.
Resultados: Se incluyeron 421 pacientes. La edad media fue de 56,13 + 15,05 afios. E1 57,0% eran
varones. El 79,7% present6 al menos una comorbilidad. E1 27,7% (n = 116) presenté PO. En el
analisis multivariado, una puntuacién 4C mas alta y una LDH més alta, asi como una Sat02 / Fi02
mas baja, se asociaron con un mayor riesgo de PO. Ninguna variable alcanz6 un AUC de 0,800 en
el andlisis ROC. La puntuacién 4C presenté un AUC numéricamente superior (0,766 IC 95%
0,715-0,817).

Conclusiones: Cada punto que aumenta el puntaje 4C, el riesgo de PO aumenta en un 28%.
Ademas, por cada 100 unidades de aumento de LDH o 50 unidades de disminucién de SatO02 /

FiO2 al ingreso, existe un 20% mas de riesgo de PO.

© 2021 Los Autores. Publicado por Iberoamerican Journal of Medicine. Este es un articulo en acceso abierto

bajo licencia CC BY (http://creativecommons. org/licenses/by/4.0/).
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1. INTRODUCTION

On December 31%, 2019, the People’s Republic of China
announced the detection of cases of pneumonia secondary
to infection due to a new coronavirus, later named SARS-
Cov-2. On March 11", 2020, the World Health
Organization (WHO) declared the infection for COVID-19
as a pandemic [1].

Up to July 39, 2021, Argentina had reported 4,526,473
confirmed cases of COVID-19, and 95,594 deaths. [2].
According to a national epidemiological study of patients
with a confirmed diagnosis of COVID-19, 20.1% of them
were hospitalized in general ward, 2.73% required
admission to the Intensive Care Unit (ICU), and 5.27%
died. [3].

At a national level, the specific mortality rate was of 4.70
COVID-19-deceased persons per 100,000 inhabitants,
according to an epidemiological surveillance study [4].

At the onset of the pandemic, multiple papers were
published, which tried to describe the natural history of the
disease and to identify patients with a higher risk of poor
outcomes (PO). Most of these studies originated in China

[5-11]. As COVID-19 spread worldwide and countless
outbreaks challenged health systems, identifying these
patients became a priority in order to take the necessary
medical decisions.

However, to this day, there is no consensus on how to
successfully predict which patients are more likely to
require  mechanical ventilation or die during
hospitalization, even though there is an increasing number
of studies available proposing multiple algorithms and
predictive variables. Most studies only show moderate
predictive capacity. Moreover, there is scarce evidence
available regarding the reproducibility of these findings in
the latin-american population.

Therefore, our objective was to identify clinical and
biochemical predictors of PO, in a cohort of patients
hospitalized due to COVID-19 in a tertiary care center in
Santa Fe province, Argentina.

2. METHODS

This cohort study was conducted prospectively, from
March 3rd, 2020 to February 16th, 2021 in a tertiary care
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center in Santa Fe, Argentina. We included all patients
older than 16 years of age with COVID-19 pneumonia
consecutively admitted to the hospital, whether to the
General Ward or the Intensive Care Unit (ICU).

Diagnosis of COVID-19 pneumonia required radiological
evidence of new infiltrates and a nasopharyngeal swab with
positive polymerase chain reaction for SARS-Cov-2.
Patients with negative polymerase chain reaction were also
included if they presented with typical lung CT findings
[12, 13], in the context of community transmission of the
virus. In the absence of community transmission, they were
included if they belonged to a cluster of COVID-19.

Two epidemiological periods of time of the pandemic were
analyzed, a first stage (S1) between the months of March
and October 2020, and a second stage (S2) between
November 2020 and February 2021.

2.1. DATA COLLECTION

Data collection was performed by routinely reviewing
patients’ medical records during their hospitalization. All
clinical data at admission was included: general
information, epidemiological history, clinical
characteristics, biochemical markers, lung images and
treatments administered. Access to medical records was
granted by the Hospital Director’s Office, and the
conducting of the study was approved by the Hospital’s
Teaching Committee.

Clinically relevant comorbidities were selected based on
available literature [14-16]: hypertension (HT), diabetes
(DBT), obesity, Chronic Obstructive Pulmonary Disease
(COPD), active cancer, Chronic Kidney Disease (CKD)
and Ischemic Heart Disease (IHD).

4C-score of in-hospital mortality was calculated for all
patients [17].

2.2. OUTCOMES

For the primary analysis, outcomes were assessed at
hospital discharge, death or transfer to another facility. The
primary outcome of interest was a composite of poor
outcomes (PO), comprising all-cause mortality and/or need
for invasive mechanical ventilation (IMV).

A secondary analysis was conducted, for exploratory
purposes, on the characteristics of the sub-population of
patients older than 65 years of age.

2.3. STATISTICAL ANALYSIS

Categorical variables were analyzed with Chi2, Fisher or
Fisher-Freeman-Halton tests. Post-hoc analysis for

multinomial variables was carried out with z-tests with
Bonferroni correction.

Distribution of frequencies was analysed and the normality
of the variables was determined by the Kolmogorov-
Smirnov test. Quantitative variables were expressed as
mean * standard deviation or as median and interquartile
range, according to normality. T-test for independent
samples and Mann Whitney U-test were performed, as
appropriate.

A logistic regression was performed for multivariate
analysis, including those clinical and biochemical variables
with a p < 0.05 value in the bivariate analysis, prioritizing
those variables with the smaller data loss.

A ROC curve was carried out, considering the variables
that were statistically significant in the logistic regression.
Statistical analyses were conducted, using the SPSS
Statistics v27.0 (IBM) programe and StatCalc.

Figures were generated in Microsoft Excel and GraphPad
Prism 8.

3. RESULTS

421 patients hospitalized due to pneumonia for COVID-19
were included.

Mean age was 56.13 + 15.05 years. 31.7% of the patients
were older than 65 years of age. 57.5% were male. 79.7%
presented at least one comorbidity and 47.3% presented
two or more. The main clinical characteristics and the
results of the bivariate analysis are shown in Table 1.
27.7% (n=116) presented PO (all-cause mortality and/or
need for IMV). 23.7% (n=99) received IMV. Mortality was
of 18.8% (n=79).

29.1% (n=122) were admitted to ICU at any moment
during their hospital stay, 81.0% of these received IMV -
with a median stay in ICU of 4 days (IQR 15), and a
maximum stay of 57 days. Patient mortality in the ICU was
of 59.8% (n=68).

23.9% (n=99) of patients were diverted to other medical
centers, and in 46.8% (n=46) of the cases, follow-up was
lost. Total mortality ascended to 21.4% (n=90) if the
outcome of patients diverted to other medical centers was
considered.

Taking into account the two stages analyzed, mean age in
S1 was lower (54 +14.8 years vs 59.9 + 14.7 years, p
<0.001) and the frequency of obesity was higher (41.9% vs
29.3%, p <0.009). S1 presented a lower frequency of
respiratory failure at admission (42.7% vs 64.3%, p
<0.001) and a lower frequency of sepsis (52.4% vs 80.1%,
p <0.001), with a numerically lower mortality rate between
the groups (17.2% vs 23.7%, p = 0.054).
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The mean age of patients with PO was higher (62.4 = 15.4
14.2 years, p<0.001). This difference was

In the multivariate analysis, a higher 4C-score and a higher
value of LDH, as well as a lower SatO2/FiO2 were

_ Patients with poor Patients without poor
Parameter GIObr?I(((,/n ;421) outcomes (n=116) outcomes (n=305) p-value
° n (%) n (%)

Age 56.1 £15.0 62.4 £15.4 53.8+14.2 p <0.001

Male sex 240 (57%) 66 (56.9%) 174 (57.0%) p =0.977
Clusters COVID-19 139 (33.7%) 33 (33.7%) 106 (36.3%) p =0.638
Days from symptom onset 7 (IQR 5) 7 (IQR 6) 7 (IQR 5) p=0.051
Days hospitalized 7 (IQR 8) 16 (IQR 6) 5 (IQR 6) p <0.001

Comorbidities

0 95 (22.6%) 15 (12.9%) 80 (26.2%) p <0.05!
1 127 (30.2%) 35 (30.2%) 92 (30.2%) p =0.163"

2 or more 199 (47.2%) 66 (56.9%) 133 (43.6%) p <0.05!
Hypertension 199 (47.4%) 67 (58.3%) 132 (43.3%) p = 0.006
Diabetes 113 (26.9%) 29 (25.2%) 84 (27.5%) p =0.632
Obesity 152 (37.5%) 47 (41.6%) 105 (36%) p =0.294
Ischemic Heart Disease 28 (7.1%) 13 (11.7%) 15 (5.30%) p = 0.026
%huﬁfg‘éﬁlgss&‘;g;g‘f 30 (7.1%) 11 (9.60%) 19 (6.20%) D =0.237
4C-score 8 (IQR 6) 11 (IQR 5) 7 (IQR 6) p <0.001
Low risk (0-3 points) 44 (10.9%) 1 (1.00%) 43 (14.5%) p < 0.052
Moderate risk (4-8 points) 164 (40.8%) 24 (22.9%) 140 (47.1%) p < 0.05%2
High risk (9-14 points) 163 (40.5%) 59 (56.2%) 104 (35.0%) p < 0.05?
Very high risk (>15 points) 31 (7.7%) 21 (20.0%) 10 (3.40%) p < 0.05?
Glasgow Coma Scale <15 29 (7.2%) 19(18.1%) 10 (3.38%) p <0.001
HR (beats/min) 88 (IQR 20) 90 (IQR 20) 85 (IQR 20) p =0.014

RR (breaths/min) 24 (IQR 8) 28 (IQR 8) 24 (IQR 8) p <0.001
PaO2/FiO2 269 (IQR 208) 136 (IQR 187) 305 (IQR 158) p <0.001
SatO2/FiO2 366 (IQR 254) 167 (IQR 266) 419 (IQR 181) p <0.001
Respiratory failure 204 (50.2%) 86 (77.5%) 118 (40.0%) p <0.001
Shock 17 (4.2%) 16 (14.2%) 1 (0.30%) p <0.001

1p Value for post-hoc comparisons. 2In the post-hoc analysis there was no significant difference in the risk of poor outcomes between
the groups with 4C-score in the categories of low and moderate risk.

Table 2 stratifies the risk of PO, IMV and mortality based
on the number of comorbidities and the risk category
according to 4C-score.

Table 3 shows biochemical characteristics of patients and
highlights the differences found in patients with PO in the
bivariate analysis.

4C-score increased, the risk of PO raised by 28%. Also, for
every 100-units increase in LDH or 50-units decrease in
SatO2/FiO2 at admission, there was a 20% increased risk
of PO (Table 4). In a second analysis, when the 4C-score
was excluded from the model, age became statistically
significant.

Table 2. Number of comorbidities and categorization of the risk of in-hospital mortality by 4C-score,in relation to poor

outcomes, invasive mechanical ventilation, all-cause mortality.

Number of comorbidities 4C-score categorized according to risk of in-hospital mortality
Low risk Morc:Sell;ate High risk Ve:){sflllgh
Parameter 0 1 >2 (0-3 (9-14
-value - 4-8 . >15 -value
(n=95) (n=127) (n=199) P points) p(gi nts) points) pgi nts) P
(=4 (n=1eay (7189 gy
oor (151_2% ) (27?2% ) (3352% ) 0008 1(221%) 24(146%) 59(362%) 21(677%) <0001
Invasive 13 3 54
mechanical (13.7%) (254%)  (27.6%) 0.029 1(227%) 24 (14.6%) 51 (31.3%) 15 (48.4%) <0.001
ventilation ) ) )
Mortality S s ) (1312% ) (275‘1‘% | <0001 0(0.000%) 11(670%) 44(27.0%) 16(5L6%) <0001
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Table 3. Comparison of biochemical variables between patients with poor outcomes and those without

Patients with poor

Patients without poor

Parameter Global (n=421) outcomes (n=116) outcomes (n=305) p-value
Hematocrit (%) 38.6 (IOR 5.78) 37.0 (IQR 6.80) 39.0 (IQR 5.20) b=0.051
Leukocytes (cell/uL) 8070 (IQR 5790) 9170 (IQR 6540) 7715 (IQR 5315) b = 0.005
Lymphocytes (cell/uL) 897 (IQR 799) 644 (IQR 501) 988 (IR 774) D <0.001
Platelets (cell/uL) szgfgéé?R ZSigggéé?R 223000 (IQR 115000) p = 0.750
Urea (g/L) 0.360 (I0R 0.230) __0.430 (IQR 0.335) 0.340 (IOR 0.200) b <0.001
Creatinine (mg/dL) 0.900 (IQR 0.378) __L.00 (IQR 0.570) 0.860 (IQR 0.305) D <0.001
ALT (UI/L) 36.0 (IQR 3L0) 38.0 (IQR 29.0) 36.0 (IQR 25.0) b =0212
AST (UI/L) 335 (IQR 36.3) 27.0 (IQR 25.8) 36.0 (IQR 40.0) b = 0.004

TB (mg/dL) 0.485 (IQR 0.365) __0.485 (IQR 0.438) 0.485 (IQR 0.360) p=0.497
ESR (mm) 39.0 +/-33.8 48.0 (IQR 37.8) 38.0 (IQR 33.3) p=0.146
hs-CRP (mg/L) 77.0 (IQR 107) 117 (IOR 124) 63.0 (IQR 96.1) D <0.001
Troponin T (ng/L) 7.70 (IQR 7.95) 14.7 (IOR 18.4) 7.40 (IQR 5.30) D <0.001
D-dimer (UEF/mL) 0.600 (IOR 1.04) ___0.985 (IR 1.87) 0.560 (IQR 0.720) b <0.001
Ferritin (ng/mL) 901 (I0R 1339) 957 (IOR 1439) 855 (IOR 1347) D =0.888
Procalcitonin (ng/mL) 0.095 (I0R 0.224) __0.160 (IQR 0.430) 0.080 (IOR 0.138) D <0.001
CK (U1) 90.0 (IQR 111) 160 (IOR 232) 80.0 (IQR 87.0) D <0.001

LDH (UI/0) 550 (IQR 241) 661 (IQR 308) 520 (IOR 213) b <0.001
Leukocyte-lymphocyte ratio 8.44 (IQR 9.19) 12.3 (IQR 14.6) 7.14 (IQR 6.38) p <0.001
Platelet-lymphocyte ratio 235 (IQR 240) 369 (IQR 408) 216 (IOR 186) D <0.001
Hematocrit (%) 38.6 (IQR 5.78) 37.0 (IQR 6.80) 39.0 (IQR 5.20) b=0.051

A ROC analysis was performed using as predictor
variables age, 4C-score, PaO2/FiO2, SatO2/FiO2 and
LDH. No variable reached an AUC of 0.800. 4C-score
presented an AUC numerically higher (0.766 Cl 95%
0.715-0.817). It was found that the 4C-score AUC and the
Sa02/Fi02 AUC were significantly higher if compared to
the age AUC (Table 5, Figure 1).

Table 4. Multivariate analysis of predictor variables of poor

outcomes.
Predictor variable Significance OR (Cl 95%)
Age (years) NS '
Sex (male) NS '
Comorbidities NS -
(ves)
~ 1.283
4C-score p =0.004 (1.084-1519)
Urea NS _
~ 1.002
LDH p =0.007 (1.001-1.004)
Lymphocytes NS -
: : 0.99%
SatO2/Fi02 p=0.001 (0.993-0.998)

A 4C-score of 15 or higher presented a specificity of
97.5% for PO. Also, reducing the cut-off point of
PaO2/Fi02 and SatO2/FiO2 to 100 allowed for a
specificity of 91.3% and 88.9% for PO, respectively.

In the analysis of a subgroup of patients older than 65 years
of age, 39.8% presented PO, 31.6% died, 31.5% received
IMV and 38.2% were admitted to ICU -among these,
mortality ascended to 71.4%. In a post-hoc analysis, the
biochemical variables studied behaved differently if

compared to patients younger than 65 years of age. (Table
6).

4. DISCUSSION

In this study, we presented a prospective cohort of 421
patients admitted to a tertiary care center with the diagnosis
of COVID-19 pneumonia, the majority of which were
severe. 27.7% of patients presented PO (18.8% died and
23.7% received IMV during hospital stay).

The primary finding was that, in the multivariate analysis,
for each point that the 4C-score increased the risk of PO
raised by 28%. Also, for every 100-units increase in LDH
or 50-units decrease in SatO2/FiO2 at admission, there was
a 20% increased risk of PO.

Although since the onset of the pandemic, multiple papers
suggested models for prediction of PO/mortality in patients
with COVID-19 [17-19], the strength of our score lies in
the fact that we included patients only after their hospital
stay had finished (discharge or death), unlike others that

Predictive capacity of the model: Nagelkerke’s R?0.383.

included patients who have not yet reached the final event.
However, contrary to what was expected and to what has
been described in developed predictive models [19],
lymphopenia was not associated with a higher PO risk in
the multivariate analysis.
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Table 5. Predictor variables of poor outcomes \

n AUC-ROC o e
Variable Cut-off value (C1 95%) p-value Sensitivity Specificity
0.766 0 0
4C-score > (0.715:0.817) <0.001 12.4% 65.7%
=15 16.7% 97.3%
>59.5 0.661 <0.001 61.7% 63.0%
Age (years) - (0.602-0.720)
>65 years 46.1% 73.8%
0.733
Da02FiO2 <236 (0.674-0.792) <0.001 68.9% 68.9%
aoar! <200 62.3% 75.6%
<100 37.7% 91.3%
0.764
_ <308 (0.712-0.816) <0.001 67.3% 68.5%
Sato2/Fio? <200 58.2% 82.%
<100 45.5% 88.9%
0.713 . .
IL_JI|D/E >591 (0.638-0.787) <0.001 65.6% 65.8%
( ) >700 43.8% 83.2%

Area under the curve (AUC), of ROC (Receiver-Operator Curve). The cut-off points are presented optimized through ROC analysis
and the values chosen to increase specificity (aligned to the right). Sensitivity and specificity of cut-off points are also presented.

Moreover, when the model was re-analyzed excluding the
4C-score, age became significant, which showed co-
linearity with the 4C-score and the better performance of
the latter due to the inclusion of the other variables
assessed by it. Surprisingly, sex, comorbidities and urea
did not show a better performance when 4C-score was
excluded, which probably reflects a type-2 error, or the
small effect of these variables, whose influence is
presumably, additive. It highlights the additive value of
LDH to 4C-score, in all likelihood as a reflection of the
severity of pulmonary involvement [20-24].

100- —
3. Age
< 80 > LDH
= — PaO2/FiO2
2 60+ _
> SatO2/Fi02
@ 40- 4C
c
[
N 204
0 I 1 I I 1
0 20 40 60 80 100

100% - Specificity (%)

Figure 1: Comparison of ROC curves of predictor variables
of poor outcomes.

This paper, on its own, cannot clarify whether the lack of
predictive value of other variables, in particular, the
lymphocyte count, depends on the multicollinearity with
other variables, on its role only as a marker of underlying

phenomena or on a lesser predictive role that requires a
higher inclusion of patients to be detected.

In the context of a pandemic, predictive models have the
added value of being necessary for decision-making: early
hospitalization, early admission to ICU/early IMV, patients
triage in case of the health system being saturated. For all
these, a predictive model should be able to identify with
high specificity, those patients that will develop the
assessed event - since otherwise there would be a risk to
implementing more aggressive conducts [17] with patients
that would have a favorable outcome. Similarly, the models
destined to define early discharges should also be highly
specific. This need to prioritize sensitivity or specificity
originates in the fact that there are no optimal models in the
literature and the better designed scores present an
AUC/ROC under 0.800 [17, 18, 25, 26].

In the ROC analysis, individually, age, 4C-score,
PaO2/FiO2 and SatO2/FiO2, and LDH presented a
predictive capacity for PO. Age was the variable with the
worst diagnostic performance.

It is worth noting that a 4C-score of 14 or more and a
PaO2/FiO2 or SatO2/FiO2 lower than 100 presented high
specificity for PO.

We observed a positive relationship between age and risk
of PO and mortality, in accordance with other series [18,
25-27]. However, in a post-hoc analysis and contrary to
reports from a large series of ICU patients, age was not
related to a higher risk of mortality in this subgroup [28,
29].

Different hypotheses have been put forward to explain the
increasing risk of developing PO with older age. Among
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Table 6. Comparison of biochemical variables between patients older and younger than 65 years of age

Younger than 65 years

65 years or more

Parameter (n=288) (n=133) p-value

Urea (g/L) 0.320 (IQR 0.190) 0.460 (IQR 0.248) p <0.001
Creatinine (mg/dL) 0.850 (IQR 0.310) 0.995 (IQR 0.460) p <0.001
Leukocytes (cell/pL) 7820 (IQR 5680) 8565 (IQR 5845) p =0.167
Lymphocytes (cell/uL) 971 (IQR 818) 786 (IQR 668) p <0.001
Platelets (cell/pL) 225000 (IQR 117000) 227500 (IQR 128500) p =0.048
Leukocyte-lymphocyte ratio 7.41 (IQR 6.50) 10.5 (IQR 14.6) p <0.001
Platelet-lymphocyte ratio 221 (IQR 220) 279 (IQR 316) p = 0.002
ESR (mm) 38.5 (IQR 34.0) 39.5(IQR 31.0) p =0.395
hs-CRP (mg/L) 67.5 (IQR 96.5) 111 (IQR 125) p = 0.006
Troponin T (ng/L) 6.80 (IQR 4.78) 12.7 (IQR 14.9) p <0.001
D-dimer (UEF/mL) 0.530 (IQR 0.683) 1.00 (IQR 1.47) p <0.001
Ferritin (ng/mL) 878 (IQR 1219) 912 (IQR 1562) p= 0,349
Procalcitonin (ng/mL) 0.082 (IQR 0.225) 0.106 (IQR 0.241) p =0.021
CK (Ul) 82.0 (IQR 115) 100 (IQR 105) p =0,513

LDH (UI/L) 551 (240) 548 (239) p =0,752

them, we can mention: the influence of pulmonary
physiological changes [30] with different response and
tolerance to noxas [31] and immunosenescence [32]. The
presence of crossed CD4+ immunity seen in younger
persons, in the absence of CD8+ and humoral responses, is
suggested as another tentative explanation for the influence
of age in the risk of PO [33], even when evidence is
contradictory [20,34-36].

Contrary to other series [18, 28, 37] and multinational
epidemiological analyses [38], no association was found
between sex and PO or in-hospital mortality. It should be
highlighted that even though the aforementioned meta-
analysis found a higher mortality in males, these were a
group that presented a higher prevalence of comorbidities,
a fact that did not replicate in this series and could explain
the lack of association with PO.

This cohort presented a high rate of comorbidities, the
same as other series of patients hospitalized due to
COVID-19 at a national [3] and international [39] level. In
the bivariate analysis, to present at least one comorbidity
was statistically associated with a higher risk of PO, need
for IMV and all-cause mortality. Among them, HT was the
most frequent comorbidity found (47.4%) and it was
statistically associated with PO, coinciding with reports
from other series [19, 27, 40]. Diabetes was not associated
with PO in this cohort, while the antecedent of ischemic
heart disease - which has been included in prognostic
scores of COVID-19 [18] was an infrequent finding
however associated with PO in the bivariate analysis.

We highlight the fact that no comorbidity, isolated or in
group, was predictive of PO in the multivariate analysis.
This is opposed to previous studies [41] and could be due
to a type-2 error or to particularities in the population. On
the other hand, the fact that diabetes was not related to PO
neither in the bivariate nor in the multivariate analysis, in

spite of them being adequately represented, is unlikely to
have been caused by the size of the sample. As regards
hypertension, it is considered a debated risk factor -
sometimes thought of as an epiphenomenon- which in
some studies did not present association with PO nor
mortality after adjustment by other factors [42].

In most patients, the diagnosis of obesity was clinical and
was due to the fact that the clinical condition of the patients
made it difficult to measure the BMI. There was no
association with PO, probably because the lack of registry
of BMI limited the possibility of analysis of the variable,
since this variable was considered categorically.

Among the multiple predictive models developed for
COVID-19, 4C-score - which was derived from a large
British series of 57,824 patients hospitalized with the
objective of predicting in-hospital mortality [39] - was
evaluated given that its predictive capacity is higher than
other models”. In our cohort, 4C-score was associated with
PO. This association increased throughout the risk
categories defined by the score. It is noteworthy that the
median age in this large British cohort is 16 years older
than the one found in our series, even though the difference
in life expectancy between the two countries is of only 5
years [43, 44]. This observation limits its extrapolation. Up
to this date, this is the first paper to describe the behavior
of this score over Argentinean population.

In the bivariate analysis, patients with PO presented an
hemogram related to the activation of the immune system
in the context of severe viral infections (leukocytosis,
lymphopenia, higher leukocyte-lymphocyte and platelet-
lymphocyte ratios). Patients with PO also showed elevated
urea values with no changes in serum creatinine levels,
which allows us to suspect that these changes do not
depend on kidney function. Other markers like LDH, CK,
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D-dimer, procalcitonin, troponin T and ferritin also were
significantly higher in patients with PO.

The association of these variables with PO and mortality in
the bivariate analysis is in agreement with what was found
in most series of COVID-19 in the rest of the world [45,
46].

The neutrophil-lymphocyte ratio, in particular, was found
associated with a higher mortality in other series and has
been used for the creation of predictive models [45].

In a post-hoc analysis, patients older than 65 years of age
in our series presented higher levels of hs-CRP and a lower
lymphocyte count - which constitute the most consistent
findings in different series - but did not present higher
LDH values if compared with younger patients [47]. As it
was described in the literature, the lymphocyte count did
not present changes if compared to younger patients, even
when they showed a higher leukocyte-lymphocyte and
platelet-lymphocyte ratio.

Levels of troponin T, D-dimer and procalcitonin were
found higher than those found in patients younger than 65
years of age, a fact that was not found in previous
publications.

Of note, two epidemiological stages were described, S1,
period in which there was a lower number of cases in the
city and patients were hospitalized for epidemiological
blockade purposes; and S2, when the number of cases
increased exponentially and our medical centre only
admitted patients with moderate to severe COVID-19
disease. Patients presenting mild cases of the disease were
derived to less complex medical facilities. During S1,
admitted patients were younger but with a higher number
of comorbidities, probably due to the different criteria for
hospitalization used. These patients showed lower
incidence of respiratory failure and sepsis.

5. CONCLUSIONS

In this study, we found that each point that the 4C-score
increased, the risk of PO raised by 28%. Also, every 100-
units increase in LDH or 50-units decrease in SatO2/FiO2
at admission, there was a 20% increased risk of PO.

Even when arterial gasometry is not widely available, pulse
oximetry - which allows for a reliable approximation -
indicates rather than predicts the development of PO.
Therefore, other biochemical parameters need to be
identified to act as early markers of PO risk. Here we
showed that LDH independently predicts PO

However, similar to the finding of other studies, there is
neither clinical characteristic nor biochemical test that
allows for an ideal classification of patients. In this context,

the inclusion of a high number of variables in models in
order to increase the diagnostic performance, not only
generates loss of patients but also limits its utilization in
clinical practice. In our case, the lack of resources limited
the amount of biochemical analyses conducted, which
forced us to exclude some variables from the multivariate
model in spite of its statistical significance in the bivariate
analysis.

This cohort of patients hospitalized due to COVID-19
comes forward for being one of the few ones that assessed
PO predictors in Argentina.

Future studies need to assess the impact of strategies based
on early laboratory screening for clinical decision making
and to clarify whether these results are reproducible in
other medical centers in Argentina and Latin-America.



324 IBEROAMERICAN JOURNAL OF MEDICINE 04 (2021) 316-325

6. REFERENCES

1. WHO Director-General's opening remarks at the media briefing on COVID-
19 - 11 March 2020. Available from: https://www.who.int/es/director-
general/speeches/detail/who-director-general-s-opening-remarks-at-the-
media-briefing-on-covid-19---11-march-2020 (accessed May 2021).

2. Argentinean Ministry of Health. Epidemiological information. Available
from: https://www.argentina.gob.ar/salud/coronavirus-COVID-19/sala-
situacion (accessed July 2021).

3. Schonfeld D, Arias S, Bossio JC, Fernandez H, Gozal D, Pérez-Chada D.
Clinical presentation and outcomes of the first patients with COVID-19 in
Argentina: Results of 207079 cases from a national database. PLoS One.
2021;16(2):0246793. doi: 10.1371/journal.pone.0246793.

4. Rearte A, Baldani AEM, Barcena Barbeira P, Dominguez CS, Laurora MA,
Pesce M, et al. Epidemiological characteristics of the first 116 974 cases of
COVID-19 in Argentina, 2020. Rev Argent Salud Publica. 2020;12(Supl
COVID-19):1-9.

5. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics
of 138 Hospitalized Patients With 2019 Novel Coronavirus-Infected
Pneumonia in Wuhan, China. JAMA. 2020;323(11):1061-9. doi:
10.1001/jama.2020.1585.

6. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al, Zhong NS; China
Medical Treatment Expert Group for Covid-19. Clinical Characteristics of
Coronavirus Disease 2019 in China. N Engl J Med. 2020;382(18):1708-20.
doi: 10.1056/NEJM0a2002032.

7.Zhou F, YuT,DuR, Fan G, Liu Y, Liu Z, et al, Cao B. Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China:
a retrospective cohort study. Lancet. 2020;395(10229):1054-62. doi:
10.1016/S0140-6736(20)30566-3.

8. Wan S, Xiang Y, Fang W, Zheng Y, Li B, Hu Y, et al. Clinical features and
treatment of COVID-19 patients in northeast Chongging. J Med Virol.
2020;92(7):797-806. doi: 10.1002/jmv.25783.

9. Huang C,Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395(10223):497-506. doi: 10.1016/S0140-6736(20)30183-5.

10. Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality
due to COVID-19 based on an analysis of data of 150 patients from Wuhan,
China. Intensive Care Med. 2020;46(5):846-8. doi: 10.1007/s00134-020-
05991-x.

11. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk Factors Associated
With Acute Respiratory Distress Syndrome and Death in Patients With
Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern Med.
2020;180(7):934-43. doi: 10.1001/jamainternmed.2020.0994.

12. Martinez Chamorro E, Diez Tascén A, Ibafiez Sanz L, Ossaba Vélez S,
Borruel Nacenta S. Radiologic diagnosis of patients with COVID-19.
Radiologia (Engl Ed). 2021;63(1):56-73. doi: 10.1016/j.rx.2020.11.001.

13. Ojha V, Mani A, Pandey NN, Sharma S, Kumar S. CT in coronavirus
disease 2019 (COVID-19): a systematic review of chest CT findings in 4410
adult patients. Eur Radiol. 2020;30(11):6129-38. doi: 10.1007/s00330-020-
06975-7.

14. Petrilli CM, Jones SA, Yang J, Rajagopalan H, O'Donnell L, Chernyak Y,
et al. Factors associated with hospital admission and critical illness among
5279 people with coronavirus disease 2019 in New York City: prospective
cohort study. BMJ. 2020;369:m1966. doi: 10.1136/bm;j.m1966.

15. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et
al. Factors associated with COVID-19-related death using OpenSAFELY.
Nature. 2020;584(7821):430-6. doi: 10.1038/s41586-020-2521-4.

16. Tian W, Jiang W, Yao J, Nicholson CJ, Li RH, Sigurslid HH, et al.
Predictors of mortality in hospitalized COVID-19 patients: A systematic review
and meta-analysis. J Med Virol. 2020;92(10):1875-83. doi: 10.1002/jmv.26050.

17. Knight SR, Ho A, Pius R, Buchan I, Carson G, Drake TM, et al. Risk
stratification of patients admitted to hospital with covid-19 using the ISARIC
WHO Clinical Characterisation Protocol: development and validation of the
4C Mortality Score. BMJ. 2020;370:m3339. doi: 10.1136/bmj.m3339.

18. Ageno W, Cogliati C, Perego M, Girelli D, Crisafulli E, Pizzolo F, et al.
Clinical risk scores for the early prediction of severe outcomes in patients
hospitalized for COVID-19. Intern Emerg Med. 2021;16(4):989-96. doi:
10.1007/s11739-020-02617-4.

19. Xie J, Hungerford D, Chen H, Abrams ST, Li S, Wang G, et al.
Development and external validation of a prognostic multivariable model on
admission for hospitalized patients with COVID-19. medRxiv.
2020;2020.03.28.20045997. doi: 10.1101/2020.03.28.20045997.

20. Zhou W, Wang W, Wang H, Lu R, Tan W. First infection by all four non-
severe acute respiratory syndrome human coronaviruses takes place during
childhood. BMC Infect Dis. 2013;13:433. doi: 10.1186/1471-2334-13-433.

21. Glick JH Jr. Serum lactate dehydrogenase isoenzyme and total lactate
dehydrogenase values in health and disease, and clinical evaluation of these
tests by means of discriminant analysis. Am J Clin Pathol. 1969;52(3):320-8.
doi: 10.1093/ajcp/52.3.320.

22. Orlacchio A, Gasparrini F, Roma S, Rava MS, Salvatori E, Morosetti D, et
al. Correlations between chest-CT and laboratory parameters in SARS-CoV-2
pneumonia: A single-center study from Italy. Medicine (Baltimore).
2021;100(14):e25310. doi: 10.1097/MD.0000000000025310.

23. Antonio GE, Ooi CG, Wong KT, Tsui EL, Wong JS, Sy AN, et al.
Radiographic-clinical correlation in severe acute respiratory syndrome: study
of 1373 patients in Hong Kong. Radiology. 2005;237(3):1081-90. doi:
10.1148/radiol.2373041919.

24. Zhou M, Dong C, Li C, Wang Y, Liao H, Shi H, et al. Longitudinal changes
in COVID-19 clinical measures and correlation with the extent of CT lung
abnormalities. Int J Med Sci. 2021;18(5):1277-84. doi: 10.7150/ijms.51279.

25. Garibaldi BT, Fiksel J, Muschelli J, Robinson ML, Rouhizadeh M, Perin J,
et al. Patient Trajectories Among Persons Hospitalized for COVID-19 : A
Cohort Study. Ann Intern Med. 2021;174(1):33-41. doi: 10.7326/M20-3905.

26. Salje H, Tran Kiem C, Lefrancq N, Courtejoie N, Bosetti P, Paireau J, et al.
Estimating the burden of SARS-CoV-2 in France. Science.
2020;369(6500):208-11. doi: 10.1126/science.abc3517.

27. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T,
Davidson KW, et al. Presenting Characteristics, Comorbidities, and Outcomes
Among 5700 Patients Hospitalized With COVID-19 in the New York City Area.
JAMA. 2020;323(20):2052-9. doi: 10.1001/jama.2020.6775.

28. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, et
al. Baseline Characteristics and Outcomes of 1591 Patients Infected With
SARS-CoV-2 Admitted to ICUs of the Lombardy Region, Italy. JAMA.
2020;323(16):1574-81. doi: 10.1001/jama.2020.5394.

29. Grasselli G, Greco M, Zanella A, Albano G, Antonelli M, Bellani G, et al.
Risk Factors Associated With Mortality Among Patients With COVID-19 in
Intensive Care Units in Lombardy, Italy. JAMA Intern Med. 2020 Oct
1;180(10):1345-55. doi: 10.1001/jamainternmed.2020.3539.

30. Miller EJ, Linge HM. Age-Related Changes in Immunological and
Physiological Responses Following Pulmonary Challenge. Int J Mol Sci.
2017;18(6):1294. doi: 10.3390/ijms18061294.

31. LiuY, Mao B, Liang S, Yang JW, Lu HW, Chai YH, et al. Association
between age and clinical characteristics and outcomes of COVID-19. Eur
Respir J. 2020;55(5):2001112. doi: 10.1183/13993003.01112-2020.

32. Chen Y, Klein SL, Garibaldi BT, Li H, Wu C, Osevala NM, et al. Aging in
COVID-19: Vulnerability, immunity and intervention. Ageing Res Rev.
2021;65:101205. doi: 10.1016/j.arr.2020.101205.

33. Lipsitch M, Grad YH, Sette A, Crotty S. Cross-reactive memory T cells and
herd immunity to SARS-CoV-2. Nat Rev Immunol. 2020;20(11):709-13. doi:
10.1038/s41577-020-00460-4.

34. Beretta A, Cranage M, Zipeto D. Is Cross-Reactive Immunity Triggering
COVID-19 Immunopathogenesis? Front Immunol. 2020;11:567710. doi:
10.3389/fimmu.2020.567710.

35. Cristiani L, Mancino E, Matera L, Nenna R, Pierangeli A, Scagnolari C, et
al. Will children reveal their secret? The coronavirus dilemma. Eur Respir J.
2020;55(4):2000749. doi: 10.1183/13993003.00749-2020.

36. Ebmeier S, Cunnington AJ. What do differences in case fatality ratios
between children and adults tell us about COVID-19? Eur Respir J.
2020;56(1):2001601. doi: 10.1183/13993003.01601-2020.

37. Nasiri MJ, Haddadi S, Tahvildari A, Farsi Y, Arbabi M, Hasanzadeh S, et
al. COVID-19 Clinical Characteristics, and Sex-Specific Risk of Mortality:
Systematic Review and Meta-Analysis. Front Med (Lausanne). 2020;7:459. doi:
10.3389/fmed.2020.00459.

38. Pradhan A, Olsson PE. Sex differences in severity and mortality from
COVID-19: are males more vulnerable? Biol Sex Differ. 2020;11(1):53. doi:
10.1186/513293-020-00330-7.


https://www.who.int/es/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/es/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/es/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.argentina.gob.ar/salud/coronavirus-COVID-19/sala-situacion
https://www.argentina.gob.ar/salud/coronavirus-COVID-19/sala-situacion
https://doi.org/10.1371/journal.pone.0246793
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1056/nejmoa2002032
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1002/jmv.25783
https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1016/j.rx.2020.11.001
https://doi.org/10.1007/s00330-020-06975-7
https://doi.org/10.1007/s00330-020-06975-7
https://doi.org/10.1136/bmj.m1966
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1002/jmv.26050
https://doi.org/10.1136/bmj.m3339
https://doi.org/10.1007/s11739-020-02617-4
https://doi.org/10.1101/2020.03.28.20045997
https://doi.org/10.1186/1471-2334-13-433
https://doi.org/10.1093/ajcp/52.3.320
https://doi.org/10.1097/md.0000000000025310
https://doi.org/10.1148/radiol.2373041919
https://doi.org/10.7150/ijms.51279
https://doi.org/10.7326/m20-3905
https://doi.org/10.1126/science.abc3517
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1001/jamainternmed.2020.3539
https://doi.org/10.3390/ijms18061294
https://doi.org/10.1183/13993003.01112-2020
https://doi.org/10.1016/j.arr.2020.101205
https://doi.org/10.1038/s41577-020-00460-4
https://doi.org/10.3389/fimmu.2020.567710
https://doi.org/10.1183/13993003.00749-2020
https://doi.org/10.1183/13993003.01601-2020
https://doi.org/10.3389/fmed.2020.00459
https://doi.org/10.1186/s13293-020-00330-7

IBEROAMERICAN JOURNAL OF MEDICINE 04 (2021) 316-325 325

39. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L,
et al. Features of 20 133 UK patients in hospital with covid-19 using the
ISARIC WHO Clinical Characterisation Protocol: prospective observational
cohort study. BMJ. 2020 May 22;369:m1985. doi: 10.1136/bmj.m1985.

40. Myers LC, Parodi SM, Escobar GJ, Liu VX. Characteristics of
Hospitalized Adults With COVID-19 in an Integrated Health Care System in
California. JAMA. 2020;323(21):2195-8. doi: 10.1001/jama.2020.7202.

41. Guan WY, Liang WH, Zhao VY, Liang HR, Chen ZS, Li YM, et al.
Comorbidity and its impact on 1590 patients with COVID-19 in China: a
nationwide analysis. Eur Respir J. 2020;55(5):2000547. doi:
10.1183/13993003.00547-2020.

42. Salazar MR. Is hypertension without any other comorbidities an
independent predictor for COVID-19 severity and mortality? J Clin Hypertens
(Greenwich). 2021;23(2):232-4. doi: 10.1111/jch.14144.

43. Data World Bank. Life expectancy at birth, total (years) — Argentina.
Available from:

https://data.worldbank.org/indicator/SP.DYN.LEQO.IN?locations=AR
(accessed May 2021).

44, WHO. World Health Organization. Great Britain and North Ireland.
Available from: http://www.who.int/countries/gbr/es/ (accessed May 2021).

45. Weng Z, Chen Q, Li S, Li H, Zhang Q, Lu S, et al. ANDC: an early warning
score to predict mortality risk for patients with Coronavirus Disease 2019. J
Transl Med. 2020;18(1):328. doi: 10.1186/s12967-020-02505-7.

46. Mudatsir M, Fajar JK, Wulandari L, Soegiarto G, limawan M,
Purnamasari Y, et al. Predictors of COVID-19 severity: a systematic review
and meta-analysis. F1000Res. 2020;9:1107. doi:
10.12688/f1000research.26186.2.

47. Vakili S, Savardashtaki A, Jamalnia S, Tabrizi R, Nematollahi MH,
Jafarinia M, et al. Laboratory Findings of COVID-19 Infection are Conflicting
in Different Age Groups and Pregnant Women: A Literature Review. Arch Med
Res. 2020;51(7):603-7. doi: 10.1016/j.arcmed.2020.06.007.


https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1001/jama.2020.7202
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1111/jch.14144
https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=AR
http://www.who.int/countries/gbr/es/
https://doi.org/10.1186/s12967-020-02505-7
https://doi.org/10.12688/f1000research.26186.2
https://doi.org/10.1016/j.arcmed.2020.06.007

