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a  b  s  t  r  a  c  t

Introduction/Objectives.  – Acute  kidney  injury  (AKI)  and malnutrition  are  two  complications  commonly
reported  in  severe  forms  of  COVID-19,  their  combined  effect  on  short-term  mortality  is,  however,  not
yet  investigated.  The  objective  of  this  study  is  to determine  both  their  individual  and  combined  effects
on  short-term  prognosis.
Materials  and methods.  – This  is  a  prospective,  uni-centric  study,  including  247  severe  COVID-19  patients,
admitted  between  April  25th  and  June  20th,  2020,  at the  University  Hospital  of  Blida.  AKI was  defined
according  to  the  KDIGO-2012  guidelines.  Nutritional  status  was  assessed  using  the  Controlling  Nutritional
Status  (CONUT)  score.  The  association  with  in-hospital  mortality  was  assessed  using  the  Kaplan-Meier
method  and proportional  Cox  regression.
Results.  – Among  the  247  severely  affected  COVID-19  patients  included  in  this  study,  34.4%  developed
AKI,  30.4  and  1.2%,  respectively,  had  moderate  and  severe  CONUT  scores,  17.7%  worsened  and  progressed
to a critical  state  and 26.7%  did  not  survive.  Both  AKI  and  CONUT  score  were  significantly  associated  with
mortality  in  a dose-response  manner  (pLog-Rank  <  0.0001).  Their  relative  risks  are  respectively  (HR  =  3.25
CI 95%  [1.99–5.3]  and  HR  =  2.42  CI 95% [1.5–3.9],  p <  0.0001).  In multivariate  analysis,  the  highest  risk  was
observed  for the  AKI-CONUT-high  combination  (HR = 3.0,  95%  CI [1.5–6.1],  p = 0.002).
Conclusion.  – A  possible  synergistic  interaction  between  AKI  and  CONUT  score  for  COVID-19  short-term
mortality  has  been  highlighted.  Monitoring  of renal  function  associated  with  assessment  of nutritional
status  should  be  performed  routinely  and  systematically  from  the  early  stages  of  admission.

©  2021  Société  francophone  nutrition  clinique  et  métabolisme  (SFNCM).  Published  by Elsevier
Masson  SAS.  All  rights  reserved.
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Introduction/objectifs.  –  L’insuffisance  rénale  aiguë  (AKI)  et  la  dénutrition  sont  deux  complications

COVID-19
Acute Kidney Injury

fréquemment  retrouvées  dans  les  formes  sévères  de  la  Covid-19.  L’objectif  de  cette  étude  est de  déter-
miner  leurs  impacts  individuels  et combinés  sur  le pronostic  à  court  terme.
CONUT score

Mortalité à court terme

Matériel  et méthodes.  – Il s’agit  d’une  étude  prospective,  uni-centrique,  incluant  247  cas  sévères  de  Covid-
19, admis  entre  le  25 avril  et  le 20 juin  2020,  au  niveau  de  l’hôpital  universitaire  de  Blida.  L’AKI  a  été
définie  en suivant  les  recommandations  de  la  KDIGO-2012.  L’état  nutritionnel  a  été  évalué  en  utilisant
le  score  «  Controlling  Nutritional  Status  »  (CONUT).  L’association  avec  la  mortalité  en  milieu  hospitalier  a
été  évaluée  par  la  méthode  de  Kaplan-Meier  et  la régression  proportionnelle  de  Cox.
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Résultats.  – L’incidence  de  l’AKI  était  de  34,4  %,  50%  avaient  une  dénutrition  modérée  à sévère.
L’AKI  et le  score  CONUT  étaient  significativement  associés  à la  mortalité  d’une  manière  dose à  effet
(pLog-Rank <  0,0001).  Leurs  risques  relatifs  étaient  respectivement  (HR  =  3,25  CI  95  % [1,99–5,3]  et  HR  =  2,42
CI  95  %  [1,5–3,9],  p  < 0,0001).  En  analyse  multivariée,  le  risque  le  plus  élevé  est  observé  pour  la  combinaison
AKI-CONUT-high  (HR = 3,0,  CI 95%  [1,5–6,1],  p =  0,002).
Conclusion.  – Une  interaction  de  type  synergétique  a été  mise  en  évidence  entre  l’AKI et  le  score
CONUT  pour  la  mortalité  à court  terme  due  à la  Covid-19.  La  surveillance  de  la  fonction  rénale  asso-
ciée  à  l’évaluation  de  l’état  nutritionnel  devrait  être  effectuée  systématiquement  dès  les  premiers  stades
d’admission.

© 2021  Société  fran-
 et  m
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an emerging infectious
disease with an unprecedented worldwide spread rate. Of widely
varied symptomatology, most infected patients either remain
asymptomatic or evolve into a mild to moderate form, which usu-
ally has a favorable clinical course. In certain cases, severe to critical
forms may  occurs requiring recourse to Intensive Care Unit (ICU)
services and may  be potentially life-threatening. Most recent pub-
lished reports have indicated that the mortality rate of these severe
forms can be as high as 30–70% [1–3].

In dealing with this pandemic, the most challenging task facing
clinicians is to avoid progression to severe forms [4]. It is therefore
urgent to identify the clinical and biological conditions associated
with a poor prognosis. This will enable a better risk stratification at
an early stage and an optimization of medical care in an effort to
ultimately improve the survival prognosis.

Acute kidney injury (AKI) and malnutrition are two common
conditions encountered in severe and critical forms of COVID-19
[1,5–7]. The Controlling Nutritional Status score (CONUT) is a new
nutritional assessment tool that is easily calculated from laboratory
data [8,9], its validation has been carried out in previous studies
[8–10]. Although the prognostic value of these two complications
is well recognized in the ICU [6,11,12], their combined effect on the
short-term outcome of severe and critical cases of COVID-19 has
never been investigated.

The aim of this study is to assess the incidence of AKI and mal-
nutrition, as defined by a CONUT-high score, in severely affected
COVID-19 patients and to explore their individual and combined
effects on short-term prognosis.

2. Materials and methods

2.1. Patients and Study Setting

In Algeria, the Blida province is considered as the outbreak epi-
center, hosting the highest number of confirmed cases and deaths
by COVID-19 [13]. This is a prospective, single-center, cohort study,
including severely COVID-19-affected subjects who were admitted
between 25th April and 20th June 2020 to the Reanimation-
Anesthesia Department of the Frantz Fanon Hospital of the Blida
University Hospital Center. This department, which holds an ICU,
has been fitted out by the local authorities to take charge of severe
and critical COVID-19 forms. Bio-monitoring was carried out in the
laboratory of medical-surgical emergencies. Ineligibility criteria
were: age < 18 years, patients died or transferred within 48 hours
of admission, pregnancy, patients requiring dialysis before admis-

sion, and ongoing tumor processes. This study was conducted in
accordance with the Declaration of Helsinki. The requirement for
written informed consent was waived given the context of the fast
emergence of this infectious disease.
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.2. Confirmatory diagnosis, severity definition and endpoint

The diagnosis of COVID-19 was carried out at Algiers Pasteur
nstitute through the Real-Time Reverse Transcription Polymerase
hain Reaction technique (RT-PCR). Following the World Health
rganization protocol (WHO) [14], samples from nasal and pha-

yngeal swabs were tested for this purpose. Severe form has been
efined by the presence of one of the following criteria: 1) shortness
f breath: respiratory rate > 30 breaths/min in the resting state; 2)
ulse oxygen saturation <93% or 3) arterial blood oxygen pressure
PaO2)/oxygen concentration (FIO2) < 300 mmHg. Critical form in
he presence of one of the following criteria: 1) respiratory fail-
re requiring mechanical ventilation; 2) shock or 3) multi-organ
ailure requiring ICU [6,15,16]. The final endpoint was in-hospital

ortality within 28 days following admission. Clinical diagnoses as
ell as nasal and pharyngeal swabs were performed by the treating
hysicians.

.3. Biomarkers and Biological Definitions

All patients were tested on admission and then periodically
very 48 hours for the following biological parameters: inflam-
atory markers: C-reactive protein (CRP), ferritin and total blood

ount. Blood glucose, markers of renal function: blood urea nitro-
en (BUN), serum creatinine (Scr) and electrolytes (Sodium and
otassium). Nutritional biomarkers: albumin, total proteins and
otal cholesterol. Enzymes and hepatic markers: total bilirubin,
actate dehydrogenase (LDH), glutamo-oxaloacetic transaminase
GOT), glutamo-pyruvic transaminase (GPT), gamma-glutamyl-
ranspeptidase (�-GT) and alkaline phosphatases (ALP). Biological

onitoring was  carried out in the same laboratory: the laboratory
f medical-surgical emergencies of the Frantz Fanon Hospital.

Baseline Scr was  defined as the first value recorded at admission
17]. Elevated baseline Scr was defined according to the labora-
ory reference values by a serum level greater than: 115 �mol/l
13 mg/l) and 94 �mol/l (11 mg/l) for men  and woman respectively,
levated BUN by a serum level greater than 8.3 mmol/l (0.5 g/l) for
oth genders.

AKI, occurring during the hospitalization, was  defined using the
idney Disease: Improving Global Outcomes (KDIGO) 2012 criteria
y: an increase in Scr by 26.5 �mol/l (3.0 mg/l) over 48 hours or

 50% increase over 7 days. Following the KDIGO 2012 guidelines,
KI was classified in three stages: stage 1: increase of Scr ≥ 3.0 mg/l

26.52 �mol/l) or ≥ 1.5- to twofold from baseline, or urine output
0.5 ml/kg/h for more than 6 hours, stage 2: increase of Scr > two-
o threefold from baseline, or urine output <0.5 ml/kg/h for more
han 12 hours, and stage 3: Increase of Scr > threefold from baseline

r ≥ 40 mg/l (353.60 �mol/l) or urine output <0.3 ml/kg/h for more
han 24 hours or Anuria for more than 12 hours [17].

The CONUT score was calculated based on the serum albumin
oncentration, total blood cholesterol level and total peripheral
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Fig. 1. Flow chart 

lymphocyte count as measured within 24 hours of admission.
Nutritional status was determined using the scoring criteria
(12 points maximum) as follows: CONUT-normal: [0–1] points,
CONUT-mild: [2–4] points, CONUT-moderate: [5–8] points and
CONUT-severe: [9–12] points [8,9]. Hypoalbuminemia and hypoc-
holesterolemia were defined as a serum level less than 35 g/l and
3.62 mmol/l (1.4 g/l) respectively [8–10].

2.4. Statistical analysis

Statistical analysis was performed with SPSS version 25.0 soft-
ware (IBM SPSS). The Shapiro-Wilk test was used to analyze the
distribution of continuous variables. Continuous variables are pre-
sented as Means ± Standard Deviations or Medians (interquartile
range) and are compared by the Student t-test or Mann-Whitney
U-test according to the normality of the distribution. Qualitative
variables are described as number (percentages) and are compared
by the Pearson �2 test.

Survival and cumulative hospital mortality rates were compared
across the predefined groups using the Kaplan-Meier approach. The
plots were further compared using the Log Rank test. The asso-
ciation of independent variables with in-hospital mortality was
assessed by uni-variate and multi-variate proportional Cox regres-
sion analysis. The variables included in the adjustment model are
those associated with in-hospital mortality in the uni-variate model
(p < 0.1).

For all statistical tests, a p value of less than 0.05 is assumed to
be statically significant.

3. Results

3.1. Characteristics of the study population

After applying the exclusion criteria (Fig. 1), a total of 247
patients were enrolled in this study. The study population char-
acteristics are presented in Table 1. The majority of patients were
males (67.6%), mean age was 64.9 ± 10.6 years. Within the 247
severely affected COVID-19 patients, 34.4% developed AKI, dis-
tributed as follows: stage 1: 32.9%, stage 2: 34.1%, and stage 3:

32.9%. Among the study population, 30.4 and 1.2% of patients,
respectively, had moderate and severe CONUT scores, 17.7% wors-
ened and progressed to a critical state requiring admission to ICU
with either invasive or non-invasive mechanical ventilation and

C
t
C
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ents in the study.

6.7% did not survive. The mean duration from ICU admission until
eath was  8.6 ±7.1 days, with a range of [03–28] days.

As shown in Table 1, the deceased patients were significantly
lder (69.1 ± 10.3 vs.  63.4 ± 10.3 years, p < 0.0001), the majority of
hose deceased had developed AKI (59.1 vs. 25.4%, p < 0.001), half
f them were in the moderate and severe CONUT groups (47% vs.
4.3% and 3% vs.  0.6%, p < 0.0001), respectively, and over a third had
rogressed to a critical state (37.9 vs.  9.9%, p < 0.0001). As expected,
here was a significant difference in initial biologic status between
he deceased and non-deceased patients: deceased patients were
dmitted with remarkably higher levels of inflammatory markers
CRP, ferritin, white blood cells and neutrophils), blood glucose
nd renal function markers (Scr, BUN), enzymes and liver markers
LDH, GOT, GPT, GGT, PAL and bilirubin). In addition, these patients
ad significantly lower levels of natremia, platelets, and nutritional
arkers (total cholesterol, albumin, total protein and red blood

ells).

.2. AKI, CONUT and in-hospital mortality rates:

Fig. 2 (a, b) shows the mortality rate based on the CONUT score
nd the onset of AKI. The CONUT score was  significantly related
o mortality in a dose-response manner (p for trend < 0.0001). The
owest mortality rate was observed in the CONUT-normal group
13.3%), then it increased gradually across groups; the highest mor-
ality rate was observed in the CONUT-severe group (66.7%).

Likewise, AKI occurring over the course of hospitalization
ppears to be strongly linked to a considerable reduction in sur-
ival rate (Fig. 2a: 54.1% vs. 83.3%, p < 0.0001), as shown in Table 1,
he mortality rate increases linearly with the stage of AKI; the high-
st mortality rate was  reported in patients who  progressed to stage

 of AKI (46.2%, p = 0.016). The Kaplan-Meier survival curve analysis
or cumulative crude in-hospital mortality confirms the prognostic
uality of these two factors. Indeed, curves seemed to significantly
iverge within the first days of hospitalization (pLog-Rank < 0.0001),
hereby indicating a reduced probability of survival in the at-risk
roups (Fig. 3a, b).

.3. AKI, CONUT and short-term mortality risk
The relative risk for short-term mortality related to AKI and
ONUT was  assessed through uni-variate and multi-variate propor-
ional Cox regression. Given the limited number of patients in the
ONUT-severe group, Cox regression was conducted after pooling
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Table  1
Biological characteristics and outcomes of severely affected COVID-19 patients.

Total Non-Survivors Survivors P
n  = 247 n = 66 (26.7) n = 181 (73.3)

Male gender n (%)† 167 (67.6) 51 (77.3) 116 (64.1) 0.05
Age  (years) 64.9 ± 10.6 69.1 ± 10.3 63.4 ± 10.3 < 0.0001
RBC  (106 e/�l) 4.38 ± 0.81 4.15 ± 0.88 4.47 ± 0.77 0.013
Hemoglobin (g/dl) 12.5 ± 2.1 12.1 ± 2.4 12.7 ± 2.02 0.11
WBC  (103 e/�l)  11.4 ± 7.1 14 ± 6.53 10.5 ± 7.1 < 0.0001
Lym  count (103 e/�l) 1.3 ± 0.93 1.24 ± 0.67 1.3 ± 1.01 0.41
Neut  count (103e/�l) 9.3 ± 6.4 11.9 ± 6.2 8.4 ± 6.2 < 0.0001
Platelet (103 e/�l) 300 ± 136 251 ± 113 318 ± 139 < 0.0001
CRP  (mg/l) 38.9 ± 33.3 85.5 ± 27.6 21.9 ± 12.6 < 0.0001
Ferritin (ng/ml) 494.3 ± 231 663.8 ± 222 432.5 ± 202 < 0.0001
Glucose (mmol/l) 10.3 ± 5.6 12.3 ± 7.2 9.7 ± 4.8 0.001
BUN  (mmol/l) 12 ± 9.1 16.4 ± 10.5 10.3 ± 8.0 < 0.0001
SCr  (�mol/l) 167 ± 144 204 ± 173 154 ± 130 0.013
Sodium  (mmol/l) 134.1 ± 6.1 129.2 ± 7.1 135.9 ± 4.6 < 0.0001
Potassium (mmol/l) 4.21 ± 0.83 4.3 ± 0.95 4.18 ± 0.78 0.25
LDH  (IU/l) 495 ± 358.5 655.5 ± 426 436.8 ± 311 < 0.0001
GOT  (IU/l) 76 ± 122 127.7 ± 216 57.8 ± 47.7 < 0.0001
GPT  (IU/l) 53 ± 96.9 86.9 ± 173 41.4 ± 37.4 0.001
�-GT  (IU/l) 55.5 ± 69.8 76 ± 118.1 48.1 ± 37.8 0.006
ALP  (IU/l) 186 ± 186 228.7 ± 323 170.8 ± 91 0.038
TB  (�mol/l) 15.8 ± 21.9 47 ± 71 21 ± 11 < 0.0001
Albumin (g/l) 34.7 ± 5.7 30 ± 4.5 36.5 ± 5.1 < 0.0001
Total  Protein (g/l) 67.5 ± 8 62 ± 7.7 69.5 ± 7.2 < 0.0001
TC  (mmol/l) 3.67 ± 0.93 3.25 ± 0.77 3.83 ± 0.95 < 0.0001
SpO2 (%) 90.1 ± 1.1 87.0 ± 3.0 91.2 ± 1.3 < 0.0001
Critical cases n (%)† 43 (17.7) 25 (37.9) 18 (9.9) < 0.0001
AKI  n (%)† 85 (34.4) 39 (59.1) 46 (25.4) < 0.0001
AKI  stages n (%)†

1 28 (32.9) 9 (23.1) 19 (41.3) 0.016
2  29 (34.1) 12 (30.8) 17 (37.0)
3  28 (32.9) 18 (46.2) 10 (35.7)

CONUT n (%)†

1 30 (12.1) 04 (6.1) 26 (14.4)
2  139 (56.3) 29 (43.9) 110 (60.8) < 0.0001
3  75 (30.4) 31 (47) 44 (24.3)
4  3 (1.2) 02 (03) 01 (0.6)

Survival duration (Days) [min-max] 8.6 ±7.1 [03–28] – –

AKI: acute kidney injury, ALP: alkaline phosphatases, BUN: blood urea nitrogen, CONUT: Controlling Nutritional Status, CRP: C-reactive protein, GOT: glutamo-oxaloacetic
transaminase, GPT: glutamo-pyruvic transaminase, �-GT: gamma-Glutamyl-Trans-peptidase, LDH: lactate dehydrogenase, Lym count: lymphocyte count, Neut count: neu-
trophils count, RBC: red blood cells, SCr: serum creatinine, SpO2: pulse oxygen saturation, TB: total bilirubin, TC: total cholesterol, WBC: white blood cells. p: Student test.
Bold  values represent significant associations (p<0.05)

† p: Pearson’s �2 test.

Table 2
Univariate and multivariate Cox regression analysis of association between AKI, CONUT score, Their components and in-hospital death in severely affected COVID-19 patients.

Model 1 Model 2 Model 3

HR 95% CI P HR 95% CI P HR 95% CI P

Kidney biomarkers
Non-AKI 1 – 1 – 1 –
AKI  3.25 [1.99–5.3] < 0.0001 3.2 [1.94–5.28] < 0.0001 2.03 [1.17–3.6] 0.012
Normal  baseline Scr 1 – 1 – 1 –
Elevated baseline Scr 2.85 [1.7–4.76] < 0.0001 3.01 [1.78–5.1] < 0.001 1.9 [1.1–3.4] 0.027
Normal  baseline BUN 1 – 1 – 1 –
Elevated baseline BUN 3.3 [1.9–5.7] < 0.0001 3.26 [1.87–5.6] < 0.0001 2.4 [1.35–4.3] 0.003

Serum  nutritional related biomarkers
CONUT-low 1 – 1 – 1 –
CONUT-high 2.42 [1.5–3.9] < 0.0001 2.36 [1.45–3.8] 0.0001 1.87 [1.12–3.2] 0.018
Normal  baseline albumin 1 – 1 – 1 –
Decreased baseline albumin 9.8 [4.45–21.4] < 0.0001 9.43 [4.3–20.7] < 0.0001 8.9 [3.9–20.1] < 0.0001
Normal baseline TC 1 – 1 – 1 –
Decreased baseline TC 1.74 [1.07–2.8] 0.024 1.78 [1.1–2.9] 0.02 1.5 [0.9–2.5] 0.12
Normal  baseline Lym Count 1 – 1 – 1 –
Decreased baseline Lym count 0.98 [0.61–1.6] 0.95 0.95 [0.6–1.54] 0.83 0.87 [0.53–1.42] 0.57

AKI: acute kidney injury, BUN: blood urea nitrogen, CONUT: Controlling Nutritional Status, Lym count: Lymphocytes count, Scr: serum creatinine, TC: total cholesterol. Model
1:  unadjusted model, Model 2: adjusted for age and sex, Model 3: adjusted for the disease severity, blood glucose, GOT, CRP and LDH. HR: Hazard ratio, 95% CI: 95% confidence
interval. Bold values represent significant associations (p<0.05)
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Fig. 2. In-hospital mortality rate of severely affected COVID

patients into two groups: CONUT-low (CONUT-normal + CONUT-
mild) and CONUT-high (CONUT-moderate + CONUT-severe). Simi-
lar models were used to further assess relative risks attributed to
their respective components. The results are shown in Table 2.

In the unadjusted model, the acquired AKI during hospitaliza-
tion and the admission with a CONUT-high score were found to
have a crude hazard ratio (HR) for in-hospital mortality about
3.25 and 2.42 times higher respectively, (AKI: HR = 3.25, 95% CI
[1.99–5.3], p < 0.0001. CONUT-high: HR = 2.42, 95% CI [1.5–3.9],
p < 0.0001), adjustment for age and sex didn’t affect this risk.
However, after further adjustment for the disease severity, blood
glucose, GOT, CRP and LDH, relative risks dropped to 2.03 and 1.87
respectively, although statistical significance was still maintained
(AKI: Adjusted HR = 2.03, 95% CI [1.17–3.6], p = 0.012). CONUT-high:
Adjusted HR = 1.87, 95% CI [1.12–3.2], p = 0.018).

Similarly, the uni- and multi-variate Cox regression shows that
high baseline creatinine and urea levels, as well as low albumin
and total cholesterol levels, were significantly associated with a
higher risk of short-term mortality. Hypoalbuminemia was the
most important determinant of short-term mortality with the high-
est relative risk. However, no significant association was  found
between baseline lymphocyte count and mortality risk (Table 2).

3.4. Combined effect of AKI and CONUT-high on short-term

mortality risk

In the light of the survival and Cox regression analysis described
above, both AKI and CONUT-high have been identified as poor

a
9
b
s
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atients by: a) AKI, b) CONUT score, c) and their interaction.

hort-term prognostic factors. So, what about their combined
ffect? In order to clarify the relationship between AKI, CONUT-
igh and short-term mortality, the population was divided into

our groups: G1: Non-AKI CONUT-low, G2: Non-AKI CONUT-high,
3: AKI CONUT-low and G4: AKI CONUT-high. Fig. 2c illustrates the
ortality rate across these four groups, among patients of non-AKI

roup; the mortality rate was  higher in the CONUT-high subgroup
23.7% vs. 14.5%). Similarly, in the AKI group, the mortality rate was
igher in the CONUT-high subgroup (60% vs. 33%).

Analysis of the Kaplan-Meier survival curve (Fig. 3c) demon-
trates that the mortality rate differed significantly across
hese four groups, with Group 4 showing a notable diver-
ence observed within the first few days of admission and
xplained by a reduced survival probability (p Log-Rank

 0.0001).
Table 3 shows the relative risks of these 4 groups in regard of

hort-term mortality. Group 1, which has the lowest incidence of
ortality, was  taken as a reference. In uni-variate analysis, the AKI

ONUT-low and AKI CONUT-high groups were significantly asso-
iated with a 2.5 and 5.4 risk, respectively, of higher short-term
ortality.
This association remains irrespective of the patients’ age and

ender. However, after final adjustment for confounding factors,
nly the AKI CONUT-high combination was  significantly associ-
ted with a risk of short-term mortality, estimated by HR =3.0,

5% CI [1.5–6.1], p = 0.002. This suggests a possible interactive effect
etween AKI and nutritional status on the short-term prognosis of
everely affected COVID-19 patients.
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Fig. 3. Kaplan-Meier curve for crude cumulative in-hospital mortality by: a) AKI, b) CONUT score, c) and their interaction.

Table 3
Univariate and multivariate Cox regression analysis of association between AKI-CONUT score combination and in-hospital death in severely affected COVID-19 patients.

Model 1 Model 2 Model 3

HR 95% CI P HR 95% CI P HR 95% CI P

Non-AKI CONUT-low 1 – 1 – 1 –
Non-AKI CONUT-high 1,67 [0.75–3.71] 0.21 1.7 [0.76–3.8] 0.19 1.63 [0.73–3.6] 0.23
AKI  CONUT-low 2.54 [1.3–5.04] 0.008 2.6 [1.3–5.13] 0.007 1.8 [0.83–3.8] 0.13
AKI  CONUT-high 5.4 [2.9–9.9] <0.0001 5.32 [2.8–9.9] < 0.0001 3.02 [1.5–6.1] 0.002

 the d
ld val
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c
t
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w
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Model 1: unadjusted model, Model 2: adjusted for age and sex, Model 3: adjusted for
Controlling Nutritional Status. HR: Hazard ratio, 95% CI: 95% confidence interval. Bo

4. Discussion

This is a prospective, uni-centric, cohort study including 247
severely affected COVID-19 patients. The most relevant results
from this study are presented by the presence of a positive
link between the unfavorable nutritional profiles as estimated at
admission- defined by a CONUT-high score, the onset of AKI dur-
ing hospitalization and short-term COVID-19 related mortality.
In addition, a possible synergistic interaction was also postulated
between AKI and CONUT-high score. To our knowledge, this study
is the first to explore the combined effect of AKI and malnutrition on
the short-term prognosis of severely affected COVID-19 patients.

This study reports a relatively high, but quite expected, rate of
mortality by COVID-19, indeed, current epidemiological investiga-

tions suggest that COVID-19 mortality rate appears to be 20 times
higher among severely affected patients [2,4], moreover, accord-
ing to the majority of recently published reports, a mortality rate
between 30 and 70% would be expected for COVID-19 patients

(
a
p
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isease severity, blood glucose, GOT, CRP and LDH. AKI: acute kidney injury, CONUT:
ues represent significant associations (p<0.05)

reated in intensive care units [1,3]. In addition, this mortality rate
ould be, in part, explained by the advanced age of our popula-
ion with the many co-morbidities and complications that may  be
ssociated.

The AKI is a commonly reported complication in association
ith COVID-19, particularly in severe and critical cases [1,18].
ccording to a recently published study [5], AKI was found in 3 to
9% of COVID-19 cases, a rate that is much lower than that observed

n our population. The wide discrepancy between the reported
ncidences is most likely attributable to the non-uniformity of
KI definitions and the high heterogeneity of studied patients,
specially with regard to age, co-morbidities and symptomatology
everity.

Also, it has been reported that high levels of renal markers

BUN and Scr), assessed as early as the admission phase, as well
s sudden loss of kidney function, are powerful predictors of
oor short-term COVID-19 outcomes [6,18,19]. This sudden loss
f renal function is likely to be multifactorial [5,6], triggered by
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a direct cellular infiltration by the SARS-COV-2 virus, in fact, it
has been shown that this virus uses the angiotensin converting
enzyme 2 (ACE2) receptor pathway as an intracellular gateway
[1,20,21], these receptors are particularly abundant in the uri-
nary tract, where they are over 100 times more available than in
the respiratory organs [6]. Other indirect mechanisms may  also
be involved, such as those secondary to hemolysis, rhabdomyol-
ysis, cardio-renal syndrome, hypoxia, hypo-perfusion, and various
inflammatory processes exacerbated in response to the viral infec-
tion or bacterial superinfection [5,18,22].

In our population of study, one-third of the enrolled patients and
half of those who did not survive were classified in the CONUT-high
group, indicating a nutritional imbalance in favor towards malnu-
trition. The very few studies exploring nutritional status among
COVID-19 patients reported a prevalence broadly similar to ours. Li
et al have assessed the nutritional status of 182 COVID-19 patients
aged over 65 years, the authors found a malnutrition rate of 52.7%
[23]. Likewise, in the study by Brugliera et al., 45% of patients were
reported to be at high nutritional risk [24].

In hospital settings, most nutritional imbalances are the
result of increased energy demands (inflammation, stress-related
catabolism), whether or not combined with decreased nutrient
intake [7,25]. In the case of COVID-19, several mechanisms may
be implicated. In particular, COVID-19 is often marked by digestive
symptoms such as nausea, loss of taste and smell, vomiting and
diarrhea affecting food swallowing, digestion and even absorption
[22,23,26]. These gastrointestinal signs may  be a direct conse-
quence of viral invasion, as it has been shown that ACE2 is widely
expressed in the gastrointestinal tract, making the latter a potential
viral target [23]. On the other hand, the exacerbation of inflamma-
tory reactions, fever, stress and anxiety are all conditions that lead
to a loss of appetite, and thus contribute to the occurrence of a
malnutrition state [23,26].

A positive association has been found between malnutrition
state, defined by a CONUT-high score, and short-term mortality,
this is in line with all published studies regardless of which tool
has been used to assess nutritional status and independently of
the underlying medical reasons for hospitalization [15,23,27,28].
Regarding the three components of the CONUT score, albumin
seems to be the strongest predictor. It is worth noting, however,
that serum albumin is not solely considered as a nutritional marker,
but more as an indicator of severity and poor prognosis. In spite of
its relatively lengthy half-life time, and its low turnover, its mea-
surement is recommended as early as the first admission stage
[7,25,29] given its rapid decrease in blood, especially in inflam-
matory states, where it is mainly induced by a redistribution
towards the interstitial space due to increased capillary perme-
ability [29,30]. In addition, the production of acute phase proteins
(such as CRP, ferritin and interleukin. . .)  requires the consumption
of pre-existing proteins like albumin and even muscle proteins in
extreme situations [7,23].

Besides hypoalbuminemia, hypocholesterolemia was  also found
to be closely related to short-term mortality risk. Although the
prognostic value of hypocholesterolemia and decreased lipopro-
tein levels is well known in the hospital setting, particularly in ICU
[31,32], its association with the severity of COVID-19 is only anec-
dotally evoked. Wei  et al. [33] have found a significant decrease
in lipid levels (total cholesterol and lipoproteins) upon the onset
of first symptoms; moreover this decrease was correlated to the
severity. In clinical practice, hypocholesterolemia is quite uncom-
mon; its pathophysiological mechanism is not yet completely
elucidated [31]. However, its association with inflammatory states,

particularly those induced by viral infections, has been repeatedly
mentioned in the course of HIV, hepatitis B, dengue virus and SARS
infections [33]. In these cases, the drop in cholesterol levels is most
probably secondary to pro-inflammatory cytokines, which disrupt

s
p
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ipid metabolism while impairing hepatic function, lowering the
lood flow of lipoproteins and enhancing their capture by tissues,

n addition, the vulnerability of lipid particles to free radicals’ pro-
xidant effects may  also be a contributory factor [33].

The combined effect of AKI and malnutrition on poor prognosis
s not often described in the available research [11], and even less
o for COVID-19 patients. One of the most relevant findings of this
tudy is the highlighting of a synergistic interaction between these
wo conditions for short-term prognosis. An appropriate medi-
al nutritional approach to AKI patients is essential for improving
heir vital prognosis, especially since adequate parenteral or enteral
utrition has previously been shown to improve renal function, as
ell as adequate protein intake to reduce tubular damage and boost

he immune system [11,22,28].
The results of this study should be interpreted with recogni-

ion of a certain limitations. First, this is a single-centric study,
ence studies with a larger sample sizes are encouraged. Second,
he assessment of nutritional status was carried out exclusively
y blood tests, it was difficult to collect additional data on dietary
ehavior, body composition, recent weight loss and physical activ-

ty given the proportion of patients mechanically ventilated or
nder sedation, such data could have been helpful in computing
ther recommended Scores. Third, the diagnosis of kidney injury
s well as proteinuria values was  not documented in this study.
ndeed, COVID-19 can induce nephrotic syndromes and collapsing
lomerulopathy, manifested by a high flow proteinuria. In this case,
ypoalbuminemia, the main determinant of high CONUT score,
ould therefore be a consequence of glomerular injuries caused by
ARS-CoV-2 infection rather than an indicator of the patients’ nutri-
ional status. Further investigations involving urinary sediment and
natomopathological analyses are therefore needed to clarify the
nteraction between nutritional status and renal damage on the
rognosis of COVID-19 patients.

. Conclusion

Malnutrition is very common in patients with severe COVID-19
nd is closely linked to an increased risk of in-hospital mortal-
ty, particularly in patients who  subsequently acquire AKI. Taken
ogether, findings outlined from this study suggest that the initial
iochemical assessment provides a useful tool of risk stratifica-
ion for COVID-19 patients. Nutritional status assessment should
e carried out systematically from the early stages of admission.
n addition, more frequent serum creatinine testing should be
onducted in all patients to increase the likelihood of early AKI
iagnosis. Nutritional interventions should be initiated in order to

mprove the vital prognosis.

uman and animal rights

The authors declare that the work described has been carried out
n accordance with the Declaration of Helsinki of the World Medical
ssociation revised in 2013 for experiments involving humans as
ell as in accordance with the EU Directive 2010/63/EU for animal

xperiments.

nformed consent and patient details
The authors declare that this report does not contain any per-
onal information that could lead to the identification of the
atient(s) and/or volunteers.



[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[32] Feng Q, Wei  W,  Chaugai S, et al. Association between low-density lipoprotein
cholesterol levels and risk for sepsis among patients admitted to the hospital
S. Bennouar et al. 

Author contributions

All authors attest that they meet the current International Com-
mittee of Medical Journal Editors (ICMJE) criteria for Authorship.

Disclosure of interest

The authors have no conflicts of interest to declare.

Financial source

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Acknowledgments

The authors acknowledge and thank all the staff of the Medi-
cal/Surgical Emergency Laboratory and all the clinicians and staff
of the Intensive Care Unit for their considerable and courageous
efforts in the fight against the current tragic clinical and social
emergency of COVID-19.

References

[1] Martins-Filho PR, Tavares CSS, Santos VS, et al. Factors associated with mortality
in  patients with COVID-19. A quantitative evidence synthesis of clinical and
laboratory data. Eur J Intern Med  2020;76:97–9.

[2] Huipeng G, Xiufen W,  Xiangning Y, et al. The epidemiology and clinical infor-
mation about COVID-19. Eur J Clin Microbiol Infect Dis 2020;39:1011–9.

[3] Zou X, Li S, Fang M,  et al. Acute Physiology and Chronic Health Evaluation II
Score as a predictor of hospital mortality in patients of Coronavirus Disease
2019. Crit Care Med  2020;48:e657–65.

[4] Gong J, Ou J, Qiu X, et al. A tool for early prediction of severe Coronavirus Disease
2019 (COVID-19): a multicenter study using the risk nomogram in Wuhan and
Guangdong, China. Clin Infect Dis 2020;71:833–40.

[5] Hassanein M,  Thomas G, Taliercio J, et al. Management of acute kidney injury
in  COVID-19. Clev Clin J Med  2020;87, ccc034v1.

[6] Cheng Y, Luo R, Wang K, et al. Kidney disease is associated with in-hospital
death of patients with COVID-19. Kidney Int 2020;97:829–38.

[7] Thibault R, Quilliot D, Seguin P, et al. Stratégie de prise en charge nutritionnelle
à  l’hôpital au cours de l’épidémie virale Covid-19 : avis d’experts de la Société
Francophone de Nutrition Clinique et Métabolisme (SFNCM). Nutr Clin Metabol
2020;34:97–104.

[8] Kuroda D, Sawayama H, Kurashige J, et al. Controlling Nutritional Status
(CONUT) score is a prognostic marker for gastric cancer patients after curative
resection. Gastric Cancer 2018;21:204–12.

[9] Ignacio de Ul J, Gonzalez A, De-Vilar N, et al. CONUT: a tool for control-
ling nutritional status. First validation in a hospital population. Nutr Hosp
2005;20:38–45.

10] Sugita Y, Miyazaki T, Shimada K, et al. Correlation of nutritional indices on

admission to the coronary intensive care unit with the development of delir-
ium. Nutrients 2018;10:1712.

11] Li C, Xu L, Guan C, et al. Malnutrition screening and acute kidney injury in
hospitalised patients: a retrospective study over a 5-year period from China.
Br  J Nutr 2020;123:337–46.

[

151
Nutrition clinique et métabolisme 35 (2021) 144–151

12] Gong Y, Ding F, Gu Y, et al. Can serum nutritional related biomarkers predict
mortality of critically ill older patients with acute kidney injury? Clin Interv
Aging 2019;14:1763–9.

13] Ministère de la Santé de la Population et de la Réforme Hospitalière
avec la contribution du Ministère de la Poste et des Télécommunications.
http://covid19.sante.gov.dz/fr/accueil/ (May the 17th, 2020).

14] Gorbalenya AE, Baker SC, Baric RS, et al. Severe acute respiratory syndrome-
related coronavirus, the species and its viruses–a statement of the Coronavirus
Study Group. Microbiology 2020, preprint: PPR112387.

15] Liu G, Zhang S, Mao  Z, et al. Clinical significance of nutritional risk screening
for older adult patients with COVID-19. Eur J Clin Nutr 2020;74:876–83.

16] Wang S, Wang Y, Lu Y, et al. Diagnosis and treatment of novel coronavirus
pneumonia based on the theory of traditional Chinese medicine. J Integr Med
2020;18:275–83.

17] Kellum A, Lameire N, Aspelin P, et al. Kidney disease: Improving global
outcomes (KDIGO) acute kidney injury work group. KDIGO clinical practice
guideline for acute kidney injury. Kidney Int Suppl 2012;2:1.

18] Tian W,  Jiang W,  Yao J, et al. Predictors of mortality in hospitalized COVID-19
patients: a systematic review and meta-analysis. J Med  Virol 2020;92:1875–83.

19] Bennouar S, Bachir Cherif A, Kessira A, et al. Usefulness of biological markers
in  the early prediction of corona virus disease-2019 severity. Scand J Clin Lab
Invest 2020;80:1–8.

20] Wang L, Li X, Chen H, et al. Coronavirus Disease 19 infection does not result
in acute kidney injury: an analysis of 116 hospitalized patients from Wuhan,
China. Am J Nephrol 2020;51:343–8.

21] Zhang G, Hu C, Luo L, et al. Clinical features and short-term outcomes of 221
patients with COVID-19 in Wuhan, China. J Clin Virol 2020;127:104364.

22] Handu D, Moloney L, Rozga M, et al. Malnutrition care during the COVID-19
pandemic: considerations for registered dietitian nutritionists. J Acad Nutr Diet
2020. S2212267220304810.

23] Li T, Zhang Y, Gong C, et al. Prevalence of malnutrition and analysis of related
factors in elderly patients with COVID-19 in Wuhan, China. Eur J Clin Nutr
2020;74:871–5.

24] Brugliera L, Spina A, Castellazzi P, et al. Nutritional management of COVID-19
patients in a rehabilitation unit. Eur J Clin Nutr 2020;74:860–3.

25] Cristina M,  Barbosa-Silva G. Subjective and objective nutritional assessment
methods: what do they really assess? Curr Opin Clin Nutr Metab Care
2020;11:248–54.

26] Barazzoni R, Bischoff S, Breda J, et al. ESPEN expert statements and practical
guidance for nutritional management of individuals with SARS-CoV-2 infec-
tion. Clin Nutr 2020;39:1631–8.

27] Briguglio M, Pregliasco FE, Lombardi G, et al. The malnutritional status of
the  host as a virulence factor for new coronavirus SARS-CoV-2. Front Med
2020;7:146.

28] Romano L, Bilotta F, Dauri M,  et al. Short Report–Medical nutrition ther-
apy for critically ill patients with COVID-19. Eur Rev Med  Pharmacol Sci
2020;24:4035–9.

29] Berger MM,  Reintam-Blaser A, Calder PC, et al. Monitoring nutrition in the ICU.
Clin  Nutr 2020;38:584–93.

30] Huang J, Cheng A, Kumar A, et al. Hypoalbuminemia predicts the outcome of
COVID-19 independent of age and co-morbidity. J Med  Virol 2020, jmv.26003.

31] Chien Y-F, Chen C-Y, Hsu C-L, et al. Decreased serum level of lipoprotein
cholesterol is a poor prognostic factor for patients with severe community-
acquired pneumonia that required intensive care unit admission. J Crit Care
2020;30:506–10.
with infection. JAMA Netw Open 2020;2, e187223.
33] Wei  X, Zeng W,  Su J, et al. Hypolipidemia is associated with the severity of

COVID-19. J Clin Lipidol 2020;14:297–304.

http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0170
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0175
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0180
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0185
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0190
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0195
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0200
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0205
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0210
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0215
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0220
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0225
http://covid19.sante.gov.dz/fr/accueil/
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0235
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0240
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0245
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0250
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0255
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0260
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0265
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0270
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0275
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0280
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0285
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0290
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0295
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0300
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0305
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0310
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0315
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0320
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0325
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330
http://refhub.elsevier.com/S0985-0562(21)00117-5/sbref0330

