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RESUME :

La maladie a coronavirus 2019 (COVID-19) est due au syndrome respiratoire aigu séveére coronavirus 2 (SRAS-CoV-2) qui s’est
propagé dans le monde entier. Le but de ce travail est d’étudier et de décrire les caractéristiques de laboratoire des patients algériens
hospitalisés pour une infection au SRAS-CoV-2. Notre étude a porté sur 60 patients atteints de COVID-19 en mars et avril 2020. Des
échantillons d’écouvillonnages pharyngés et nasaux ont été collectés pour la détection des acides nucléiques viraux SARS-CoV-2 en
utilisant la réaction de polymérisation en chaine en temps réel par transcription inverse (rRT-PCR). Nous avons collecté des données
biologiques aupres des patients dés leur admission et a leur sortie de ’hopital. Résultats : 1’age médian de tous les patients était de
49 ans avec des extrémes allant de 18 a 88 ans et 37 (61,66%) étaient des hommes. Plusieurs différences significatives ont été no-
tées entre les patients admis en unité de soins intensifs (n = 9) et ceux qui ne 1’ont pas été (n = 51), notamment I’hyperleucocytose
(1.4-fois), I’hyperneutrophilie (2.0-fois), la lymphopénie (0.3-fois), I’éosinopénie (0.02-fois), I’hypoalbuminémie (0.75-fois), I’hy-
pocholestérolémie (0.8-fois), I’hypocalcémie (0.9-fois), ainsi que des valeurs plus élevées de CRP (6.0-fois), fibrinogene ( 1.8-fois),
troponine I (637-fois), NT-proBNP (23.9-fois), aspartate aminotransférase (1.8-fois), alanine aminotransférase (1.4-fois), créatine
kinase (2.2-fois), glucose (1.6-fois) et d’acide urique (1.9-fois). Ces biomarqueurs sont utilisés pour prédire la gravité et le pronostic
de 1%;1 maladie et doivent étre suivis rigoureusement tout au long de 1’hospitalisation pour guider les soins cliniques. Conclusion :
cette étude nous a permis de déterminer le profil biologique des patients atteints de COVID-19 et de définir les anomalies biolo-
giques associées a un risque de déces élevé dans notre population.

Motg' clés : COVID-19, SARS-CoV-2, caractéristiques de laboratoire, Biochimie.
ABSTRACT: LABORATORY ABNORMALITIES IN ALGERIAN PATIENTS HOSPITALIZED WITH COVID-19.

/,Coronavirus disease 2019 (COVID-19) is due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) which spread
/around the world. The aim of this study is to investigate and describe the laboratory characteristics of Algerian patients hospitalized
/" for SARS-CoV-2 infection. Our study covered 60 patients with COVID-19 in March and April 2020. Patient pharyngeal and nasal
// swab specimens were collected for the SARS-CoV-2 viral nucleic acid detection using real-time reverse-transcription polymerase
chain reaction (rRT-PCR) assay. We collected biological data from patients from their admission and upon discharge from the
hospital. Results : the median age for all patients was 49 years with extremes ranging from 18 to 88 years and 37 (61.66%) were
males. Several significant differences were noted between patients who were admitted to the intensive care unit (n=9) and those
who did not (n=51), especially leukocytosis (1.4-fold), neutrophelia (2.0-fold), lymphopenia (0.3-fold), eosinopenia (0.02-fold),
hypoalbuminemia (0.75-fold), hypocholesterolemia (0.8-fold), hypocalcemia (0.9-fold), as well as higher values of CRP (6.0-fold),
fibrinogen (1.8-fold), troponin I (637-fold), NT-proBNP (23.9-fold), aspartate aminotransferase (1.8-fold), alanine aminotransferase
(1.4-fold), creatine kinase (2.2-fold), glucose (1.6-fold) and uric acid (1.9-fold). These biomarkers are used to predict the severity
and prognosis of the disease and should be followed rigorously throughout hospitalization to guide clinical care. Conclusion : this
study allowed us to determine the biological profile of patients with COVID-19 and to define laboratory abnormalities associated
with a high-risk of death in our population.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) is due to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) which
emerged in Wuhan (China) and spread around the world [1].
SARS-CoV-2 is a betacoronavirus that is very similar to two
other coronaviruses found in bats, bat-SL-CoVZ(C45 and bat-
SL-CoVZXC21. Similarly to SARS-CoV and MERS-CoV,
SARS-CoV2 may also have originated from bats [2], although
the exact origin of this virus has not yet been determined. As
of May 8, 2020, the latest statistics from the World Health Or-
ganization (WHO) revealed that COVID-19 has already af-
fected more than 3.7 million people worldwide, causing up to
265,000 deaths. In Algeria, 5182 patients were diagnosed with
COVID-19, with 483 deaths recorded. Although these figures
are much lower than those recorded in other Mediterranean
countries such as France or Italy, COVID-19 had a significant
impact on our lifestyle and our health system.
Laboratory medicine has a key role in the fight against CO-
VID-19. It is involved in the diagnosis of COVID-19 by real-
time reverse-transcription polymerase chain reaction (rRT-PCR)
assay and in serological surveillance by the detection of anti-
COVID-19 antibodies [3]. In addition, laboratory tests play an
important role in prognosis, following-up and therapeutic moni-
toring of patients with COVID-19 [4]. There are some studies
that describe the laboratory features of patients with COVID-19
in China, United States of America and Europe. To our knowle-
dge, no similar study has been conducted in North Africa. It is
important to note that significant differences were noted in the
clinical and demographic features of COVID-19 patients in dif-
ferent regions of the world [5]. Therefore, we sought to study
and describe the laboratory characteristics of Algerian patients
hospitalized for SARS-CoV-2 infection in the region of Oran.

PATIENTS AND METHODS
1. Patients

Our study includes 60 patients with COVID-19 hospitalized
in the EHU Oran University Hospital (Algeria) from March
to April 2020. The study was approved by the hospital and
was conducted in accordance with the Helsinki guidelines [6].
SARS-CoV-2 infection was diagnosed by rRT-PCR on pharyn-
geal and nasal swab specimens. We collected biological data
from patients from their admission and upon discharge from
the hospital. On average, patients were hospitalized for 10 days.
For the deceased patients, we used values from the last analysis
before death.

2. Blood collection and assays

Venous blood sampling was performed in the morning. The
blood was collected on tubes containing lithium heparin, tripo-
tassium ethylenediamine tetraacetatic acid (EDTA) and sodium
citrate as an anticoagulant. The heparinized tubes were centri-
fuged within 1 hour at 2600 g for 10 minutes at room tempe-
rature, the plasmas obtained were used for biochemical assays.
The whole blood contained in the EDTA tube was intended for a
complete blood count tests. The sodium citrate tubes were cen-
trifuged within 1 hour at 2500 g for 15 minutes at room tem-
perature, the plasmas obtained were used for hemostasis tests.
Biochemistry tests were performed on Advia 1800 (Siemens
Healthcare Diagnostics Inc., NY, United States). Troponin I and
NT-proBNB were measured on Dimension EXL 200 (Siemens
Healthcare Diagnostics Inc., NY, United States), and hemato-
logy tests were carried out on Advia 2120i (Siemens Healthcare
Diagnostics Inc., NY, United States) and Stago-STA Satellite
(Diagnostica Stago, Inc.,hereafter, Stago).

3. STATISTICAL ANALYSIS

Continuous variables were expressed as mean + standard de-

viation. Categorical variables were summarized as counts and
percentages. All statistical analysis was performed on MedCal
statistical software (Version 19.1.13). Values of p <0.05 were
considered as statistically significant.

RESULTS

Our study includes 60 patients who were diagnosed with CO-
VID-19. Mean age was 49 years with extremes ranging from 18
to 88 years, 37 (61.66%) were males. All patients received treat-
ment with hydroxychloroquine and azithromycin. The evolution
of the majority of patients was favorable. A total of 9 (15%)
patients died after their admission to the intensive care unit for
respiratory distress syndrome.

The laboratory results on admission and upon discharge from
the hospital are reported in Table I, while, Table I summarizes
frequencies and percentages of results which exceed the refe-
rence limits for each parameter.

There is a statistically significant difference between the ages
of deceased patients and those who were cured with 58.75 (37-
88) and 46.78 (2-83) years old respectively. By comparing the
values of deceased patients (n=9) with those who were cured
(n=51) at admission, we observe a leukocytosis (10.92 + 6.12
vs 7.59 £ 3.90 x109/L), neutrophelia (9.66 + 6.26 vs 4.90 = 3.73
x109/L), lymphopenia (0.50 + 0.29 vs 1.60 + 0.79 x109/L), eo-
sinopenia (0.002 + 0.004 vs 0.13 + 0.33x109/L) ; a significant
increase in C-reactive protein (CRP) (195.75 + 118.38 vs 32.68
+ 58.03 mg/l), fibrinogen (8.77 £ 0.11 vs 4.92 + 2.14 g/1), tropo-
nin I (12.74 + 17.87 vs 0.02 + 0.08 ng/ml), NT-proBNP (1225
+ 261.62 vs 51.25 + 42.33 pg/ml), aspartate aminotransferase
(74.78 £55.17 vs 40.47 + 24.92 Ul/l), alanine aminotransferase
(58.67+37.91 vs 41.00 + 34.10 UI/l), creatinine kinase (201.00
+256.39 vs 92.00 £ 58.05 UI/l), glucose (1.96 + 0.88 vs 1.21 +
0.54 g/1) and uric acid (85.23 £ 14.56 vs 43.61 £ 10.00 mg/l).
There is also a low level of protidemia (63.14 + 9.74 vs 73.26
+ 8.00 g/l), albuminemia (31.25 + 5.34 vs 41.32 + 5.34 g/),
cholesterolemia (1.33 + 0.19 vs 1.67 £ 0.37 g/l) and calcemia
(84.88 £6.78 vs 93.02 £ 6.25 mg/l). Platelet count, hemoglobin
level, prothrombin time and activated cephalin time, urea, crea-
tinine, total bilirubin and alkalin phosphatase were normal for
both populations.

Patients admitted to the intensive care unit presented before
their death, a leukocytosis (18.47 + 5.36 x109/L), neutrophelia
(16.41 + 6.47 x109/L), lymphopenia (1.10 = 1.66 x109/L), a low
hemoglobin count (9.48 + 1.94 g/dl), thrombocytopenia (109.67
+ 59.07 x109/L), An allonged prothrombin time (19.33 + 2.74
secondes) and activated cephalin time (45.12 + 10.28 secondes),

nomaites DLO Oiliues C. ei (A iatzents a ierlens ()Silta 1ses i()llr ovid-1J.

e

a significant increase in fibrinogen (7.7 + 2.21 g/),C-reactive

protein (CRP) (265.14 £ 50.63 mg/l), troponin I (1.64+4.29
ng/ml), NT-proBNP (1348 + 685.39 pg/ml), urea (1.34 + 0.70
g/1), creatinine (30.49 + 20.02 mg/1), glucose (4.19 + 2.24 g/I),
aspartate aminotransferase (106.11 £ 65.14 Ul/1), alanine ami-
notransferase (45.55 £ 17.36 Ul/l), alkalin phosphatase (151.55
+ 103.80 UI/1), total bilirubin (59.53 £ 46.34 mg/1), direct bili-
rubin (56.07 + 34.27 mg/l), creatinine kinase (330.12 + 349.04
UI/1), with an hypoprotidemia (54.53 + 11.74 g/1), hypoalbumi-
nemia (19.12 + 7.19 g/1), hypocholesterolemia (1.09 = 0.35 g/I)
and hypocalcemia (76.73 + 11.14 mg/1).

DISCUSSION

Our study is the first to describe laboratory characteristics and
their evolution in Algerian patients with covid-19. Lymphope-
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Table I. Laboratory charachteristics of patients hospitalized with COVID-19 on admission and upon discharge from

the hospital.
hepatic cholangiocytes. Moreover, SARS-CoV-2 was
found in the stool of several patients with COVID-19
‘ [7]. Blood glucose level is increased in our patients,
White bIIOO(i?LceH 4-10 8.16+4.46 9.99+5.87 0.0259 | especially in the 9 patients who died, diabetes is
count, X i . B
Lymphocyte count, 1.5.4 1434083 15440098 04876 already known as a risk factor for poor prognosis in
x10°/L COVID-19 [8]. .
Neutrophil count, 1.9-7.5 5.64 +4.48 7.48 + 6.48 0.0922 Analysis of several Chinese data shows that the most
x10°7/L oLl 0714 043 0674034 0.9666 frequent laboratory abnormalities were lymphopenia
iﬁ%ﬁ;’fﬁe count, o : : : : : (35-75% of cases), increased values of CRP (75—
o " omo . .
Eosinophil count, 00205 0114030 009008 00022 | 9370), LDH (27-92%), erythrocyte sedimentation
x10%/L rate (up to 85%) and D-dimer (36—43%). Conversely,
Basophil count, 0-0.1 0.05+0.03 0.06 +0.04 02313 | serum albumin (50-98%) and hemoglobin (41-50%)
;LOQ/Lb ccomt | 130400 1397+ 8841 230764 12442 wexo0 | A low [9]. In a US study including 16 patients hos-
rombocyte count, - 97 + 88. 76 + . X o 1. .
C10°/L Y pitalized with CQVID-019, Aggarwal et al.[10] obser-
Hemoglobin, g/dl 12-18 13.03£149 1158+ 1.89 0.00s1 | ved hyponatremia (50%), increased values of CRP
Prothrombin time, % | 70-100 9535+£649  81.31+18.48 0.0018 (100%), LDH (80%), and aminotransferase (38%).
Quicktime, seconds Witness=13.2 13.51 +£0.98 15.58 £3.35 0.0092 At adrnission, several Signiﬁcant differences were
Activated cephalin Witness=31  28.90 £4.19 36.42+£9.33 0.0175 noted between patients who were admitted to the in-
ti S ds . L . .
éfﬁflnfgcg? g/l 24 5514243 6214287 0.2892 tensive care unit and those who did not, especially
Glucose, g/l 0.70-1.10 1.31+£0.65 217+1.82 0.0106 leukocytosis (1.4-fold), neutrophelia (2.0-fold),
Urea, g/l 0.15-0.45 0.32+0.25 0.58 +0.64 0.0199 lymphopenia (0.3-fold), eosinopenia (0.02-fold),
Creatinine, mg/l H:7-13 hypoalbuminemia (0.75-fold), hypocholesterolemia
F:5-11 10.08 + 14.83 16.05 +24.63 0.0243 gré fold). h 1( " 0 9)% k{p 11 as hich
Sodium, mmol/l 132-146 13751341 138.36+3.52 01736 | (0-8-fold), hypocalcemia (0.9-fold), as well as higher
Potassium, mmol/l  [3.50-550  397+046  4.51=1.06 0.0032 | values of CRP (6.0-fold), fibrinogen (1.8-fold), tro-
Chloride, mmol/I 99-109 101.33£4.19 10438 +£4.33 <0.0001 | ponin I (637-fold), NT-proBNP (23.9-fold), aspartate
Aspaf”ate anne H<50,F<35 47.65+£3559  5835£53.23 021 aminotransferase (1.8-fold), alanine aminotransferase
transterase, _ : : _ .
Alanine aminotrans | H<50, F<35  44.53£35.18  53.46 + 58.00 0.28 (1.4-fold), creatine kinase (2.2-fold), glucose (1.6
ferase, UL/l fold) and uric acid (1.9-fold). These biomarkers are
Total bilirubin, mg/l | 3.12 7.84+4.09 2004 +35.35 0.0075 used to predict the severity anq prognosis of the di-
Direct bilirubin, mg/l | <2 434+3.55 17.39 £31.19 0.0077 sease and should be followed rigorously throughout
A\il;lalm phosphatase, | 45-129 72.87+3495 10294 +84.73 0.0429 hospitalization to guide clinical care.
C-eactive protein, mg/l| 0-6 61042930 10969+ 11225 03023 Patlents. adm¥tted to the intensive care unit presen
Calcium, mg/l 86-100 9125+7.10 8422+ 1035 0.0936 ted a disseminated intravascular coagulation (DIC)
Phosphorus, mg/l 21-51 30.96+9.75  34.78+22.71 0.4737 before their death. This explains the prolongation
Uric acid, mg/1 H:37-90  4833+1830 53.37+27.89 0.6809 of prothrombin time and activated cephalin time
‘ . 57 g;—78 T T 755114 02533 | @nd thrombocytopenia observed. They also presen-
Totgl protein, g/l i e : : ' ted kidney failure, anemia, heart failure with a very
Albumin, g/l 32-48 39424661  32.12+1325 0.2288 _ ! _ 1th
Total cholesterol, g/l 1.10-2 1.59 + 0.36 1.41 +0.46 0.5460 hlg}} level of.NT—proBNp, liver disease w1th'1cterus
Créatine Kinase, U/l | H:32-294  109.21 £108.53 197.15+244.13 0.8725 conjugated bilirubin. Since hydroxychloroquine has
/ . . . Py o .
/ g 63035-211 844677 0.96 4 39804752 side effects worsening the patient’s condition, such
roponin I, ng/ml -0. .84 +6. .96 £ 3.280. . : : : :
ZJT-PmBNp, pe/ml | 0-125 21893243411 87254584692  o04dgo | A cardiomyopathy leading to heart failure with fatal

nia is observed in 60% of cases at admission which reflects de-
creased immunological response to the virus. CRP is a sensitive
marker of the inflammatory response wich is increased on ad-
mission and slightly more on upon discharge. It is interesting to
note that the values of this protein are much higher in deceased
patients than in those who were cured. Fibrinogen is also an
acute phase protein associated with the inflammatory process
that accompanies the disease. Troponin is associated with car-
diovascular risk and therefore mortality. Thus, results show a
decrease in troponin between the time of admission and dis-
charge. In contrast, we have not seen a decrease in NT-proBNP.
In addition, these two cardiac markers are significantly higher at
the time of admission in patients who died, making them good
prognostic markers. Transaminases are increased by more than
33,33%, especially in patients with a poor prognosis. These
patients have likely liver disease before the infection. Howe-
ver, SARS-CoV-2 infection may also explain hepatic cytolysis.
In fact, SARS-CoV-2 uses angiontensin converting enzyme 2
(ACE2) receptors to enter the body, which are found not only in
the respiratory tract, but also in the gastrointestinal mucosa and
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course, conduction disorders (branch block / atrio-

ventricular block) or ventricular hypertrophy, cardiac arrhyth-
mia, anemia, thrombocytopenia, hepatobiliary disorders, bron-
chospasm with metabolic and nutritional disorders, treatment
with hydroxychloroquine must be stopped in patients admitted
to intensive care unit, in ordre not to worsen their condition and
strict monitoring of each attack must be considered.

All patients who showin, at admission, a chronic disease such
as pulmonary, cardiac disease with elevated troponin and/or
NT-ProBNP, liver damage, kidney failure or diabetes, are more
vulnerable to more serious complications COVID-19 disease
and treatment with hydroxychloroquine is likely to worsen their
condition and lead to a poor prognosis and therefore a case-by-
case evaluation will be made to decide whether treatment with
hydroxycholoroquine should be considered or not, with daily
monitoring of each parameter involved.

Unfortunately,the levels of D-dimers, procalcitonin and lactate
dehydrogenase (LDH) could not be determined because the
reagents were not available at the time of the study and were
received only a few days later. D-dimer is used in decision
making for disseminated intravascular coagulation, deep vein
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Table I1. Frequencies and percentages of results exceeding
the reference limits for each parameter.

White blood cell count,
x10%/L
H/L

Lymphocyte count, x10%/L
L/H
Neutrophil count, x10%L

Monocyte count, x10%/L- H!
Eosinophil count, x10%/L

Basophil count, x10%L - H

Thrombocyte count,x10%L
L/H

Hemoglobin, g/dl - L
Prothrombin time, % - L
Quicktime, seconds
Prolonged

Activated cephalin
time, seconds, Prolonged

Fibrinogen, g/l

H/L

Glucose, g/l - H
Urea, g/l - H
Creatinine, mg/l - H
Sodium, mmol/l

Potassium, mmol/l

Chloride, mmol/l
H/L

Aspartate aminotrans
ferase, Ul/l - H

Alanine aminotransfe
rase, UI/l-H

Total bilirubin, mg/1
H/L

Direct bilirubin, mg/1

Alkalin phosphatase,
Ul/I-H

C-reactive protein,
mg/l-H

Calcium, mg/1
L/H

Phosphorus, mg/1
L/H

Uric acid, mg/1
H/L

Total protein, g/l
L/H

Albumin, g/l
L/H

Total cholesterol, g/l
L/H

Creatine Kinase, Ul/1
H

Troponin I, ng/ml - H
NT-ProBNP, pg/ml- H

11(18.33%) /2 (3.33%)
36 (60.00%)/0

12(20.00%)/6(10.00%)
8(13.33%)

23(38.33%)
3(5.00%)

8(13.33%)/1(1.66%)

13(21.66%)
0

0

5(8.33%)

32(53.33%)/0
34(56.66%)
5(8.33%)
1(1.66%)

0/5(8.33%)
1(1.66%)/5(8.33%)
0/14(23.33%)
20(33.33%)
20(33.33%)
5(8.33%)/5(8.33%)
56(93.33%)
5(8.33%)
36(60.00%)
13(21.66%)/8(13.33%)
1(1.66%)/4(6.66%)
1(1.66%)/2(3.33%)
3(5.00%)/3(5.00%)
10(16.66%)/0
1(1.66%)/6(10.00%)

3(5.00%)
5(8.33%)

9(15.00%)

17(28.33%)/1(1.66%)
30(50.00%)/1(1.66%)

16(26.66%)/1(1.66%)
7(11.66%)

5(8.33%)
7(11.66%)

10(16.66%)/4(6.66%)

31(51.66%)
16(26.66%)

16(26.66%)
25(41.66%)

44(73.33%)/1(1.66%)
40(66.66%)
14(23.33%)

12(20.00%)
0/3(5.00%)

9(15.00%)/4(6.66%)
4(6.66%)/6(10.00%)
27(45.00%)
22(36.66%)
14(23.33%)/(15.00%)
52(86.66%)
12(20.00%)
46(76.66%)
31(51.66%)/0
8(13.33%)/8(13.33%)
1(1.66%)/3(5.00%)

7(11.66%)/2(3.33%)

26(43.33%)/1(1.66%)

5(8.33%)/2(3.33%)

9(15.00%)
3(5.00%)

9(15.00%)

H : High ; L : Low.

thrombosis or pulmonary embolism and is given a high priority
of testing in patients with COVID-19 [11]. Serial measurements
of procalcitonin would be useful in COVID-19 patients to detect
complications due to bacterial co-infections. The extrathyroidal
synthesis is increased during bacterial infections, supported by
high concentrations of interleukin 1 (IL-1 ), IL-6 and tumor
necrosis factor o (TNFa) [12]. Lactate dehydrogenase could be
a marker for the extent of lung injuries during infections [13].

CONCLUSION

We have described here, for the first time, the main laboratory
characteristics of patients hospitalized for covid-19 in the re-
gion of Oran in Algeria.This study allowed us to determine the
biological profile of patients with COVID-19 and to define labo-
ratory abnormalities associated with a high risk of death in our
population. These tests can be used by clinicians to identify at
admission patients with a poor prognosis who will likely require
ventilatory support and/or intensive care.
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