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Purpose: Coronavirus disease 2019 (COVID-19) is an ongoing infectious disease caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) agent, and is generally known
as novel coronavirus. The impact of the disease has had apparent effects on health, social, and
economic levels. This study aimed to investigate the epidemiologic features, clinical presenta-
tions, laboratory examination, and outcomes of COVID-19 patients in Jordan.

Patients and Methods: This retrospective study included all COVID-19 patients admitted to
the quarantine center at King Abdullah University Hospital in Jordan between March 16 and
May 21, 2020. Patient information was abstracted from hospital electronic records and included
patient demographics, symptoms, comorbidities, laboratory tests, infection period, and outcome.
Results: Approximately 42% of the quarantined individuals were asymptomatic. The
majority of symptomatic patients had mild to moderate symptoms of the disease. Only ten
patients (9.3%) had severe symptoms, with one of them progressed to a critical stage and
died 15 days after admission. Erythrocyte sedimentation rate (ESR), lactate dehydrogenase
(LDH), and D-dimer levels were significantly elevated in many patients. More than two-
thirds (69.8%) of the symptomatic patients were females. Elevated ESR and LDH levels,
along with longer periods of infection, were significantly associated with symptomatic
patients.

Conclusion: A large proportion of Jordanian patients were asymptomatic carriers of the
virus. This finding emphasizes the importance of a continuous surveillance process to dis-
cover these contagious carriers to control the disease spread. Additionally, we suggest that
future analyses should investigate for sexual variation in the inflammatory response to this
viral infection since most of our symptomatic patients were females. Finally, the role of ESR
and LDH biomarkers should be investigated further for the possibility of earlier identification
of patients with greater risk.
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Introduction

Coronavirus disease 2019 (COVID-19) is an ongoing infectious disease caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and is known
generally as novel coronavirus." Since its detection in Wuhan, China, in
December 2019, the pandemic has proliferated quickly worldwide, with unprece-
dented social, economic, and health effects.” More importantly, many medical
experts warn that the virus is unlikely to disappear, and the possibility of other

waves of outbreak, especially during the winter, is very high.?
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The mortality rate of COVID-19 is estimated to be
4.1%,* which is much lower than the rate for other respira-
tory infections caused by similar viral strains. For exam-
ple, the SARS mortality rate is 9.6%,> while that for
Middle East Respiratory Syndrome (MERS) is 34.4%.°
However, the number of infected cases of COVID-19 is
significantly higher than that of either SARS or MERS.
While the number of SARS and MERS cases did not
exceed a few thousands, the number of COVID-19 cases
is about 35 million to date and still increasing.* This is due
to a longer incubation period, higher survival rate, and
greater spread capability of the novel coronavirus.’
Additionally, the situation in countries where politics
does not help impose proper quarantine measures has
played a significant role in spreading the infection. For
example, the number of infected cases in the United States
and Brazil has reached about 7 and 5 million to date,
respectively (~34% of worldwide cases).*

The clinical course of the disease can be categorized
into several stages based on disease severity. Several stu-
dies from different populations reported individuals who
tested positive for SARS-CoV-2 and remained asympto-
matic during their infection period.®'® However, the
asymptomatic persons are still considered contagious.'’
The proportion of these asymptomatic cases has not yet
been thoroughly evaluated.!' Furthermore, the World
Health Organization has classified the symptomatic stages
of COVID-19 disease into four main stages concerning the
symptom severity (mild, moderate, severe, and critical).'
Most people with COVID-19 have only mild (40%) or
moderate (40%) disease with

cough, headache,

symptoms, including

fatigue, nasal congestion, and/or
fever.' Approximately 15% have severe disease with per-
sistent fever and dyspnea that require oxygen support. The
remaining 5% have a critical disease with complications,
such as respiratory failure, acute respiratory distress syn-
drome, sepsis, septic shock, thromboembolism, and/or
multiorgan failure, including acute kidney injury and car-
diac injury.'"?

To our knowledge, no comprehensive descriptive study
exists to date on COVID-19 patients in Jordan. This study
aimed to investigate the epidemiologic features, clinical
presentations, laboratory examination, and outcomes of
COVID-19 patients who were identified and quarantined
in Northern Jordan during this pandemic period. The study
provided a better understanding of the disease pathogen-

esis in our region. It helped to establish safer preventive

measures, with more appropriate quarantine and treatment
planning in case of a second wave strike of the virus.

Patients and Methods

Study Protocol

In March 2020, the Ministry of Health in Jordan launched
a general surveillance process to identify and quarantine
individuals who were tested positive to the SARS-CoV-2
virus to control the spread of the infection. A special
quarantine center and testing laboratory were established
at King Abdullah University Hospital (KAUH) in
Northern Jordan. Surveillance teams of health workers
were tasked by the ministry to obtain nasopharyngeal
swab samples from the general population in different
towns and villages in Northern Jordan. Nasopharyngeal
swabs were collected along with contact information and
submitted to the testing laboratory at KAUH on a daily
basis. Reverse transcriptase-polymerase chain reaction
assays were performed on the swab specimens. The speci-
mens were tested with the assay developed by the Centers
for Disease Control, targeting the N1 and N2 genes."
Individuals who were tested positive to the virus were
immediately contacted and admitted by the health author-
ity personnel to the quarantine center at KAUH.

This retrospective study included all individuals
admitted to the quarantine center at KAUH from
March 16, 2020, to May 21, 2020, after being tested
positive for the virus as described earlier. The KAUH is
a tertiary referral center in Northern Jordan, with 683 beds.
This teaching hospital is affiliated with Jordan University
of Science and Technology (JUST). It contains the only
quarantine center for COVID-19 patients in Northern
Jordan with a capacity of 200 beds. The hospital is the
only referral center in Northern Jordan, serving approxi-
mately 2 million people.'* All COVID-19 patients
admitted to the quarantine center at the hospital were
detected during the aforementioned surveillance process
performed by the public health authority.

The study was conducted with the approval of the
institutional review board committee at KAUH and the
deanship of research at JUST (#408-2020), and in accor-
dance with the Declaration of Helsinki and its later amend-
ments for ethical research performance. Patient consents
were not required because the data were used in aggregate
with no personal identifiers. Data were abstracted from
hospital electronic records and included patient demo-
graphics (ie, sex and age), comorbidities, laboratory tests,
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symptoms, infection period, and outcome. All laboratory
test results were obtained within 24 hours of hospital
admission. Laboratory tests included blood serum levels
of hemoglobin (Hb), creatinine, alanine transaminase
(ALT), aspartate transaminase (AST), albumin, c-reactive
protein, erythrocyte sedimentation rate (ESR), lactate
dehydrogenase (LDH), and D-dimer molecule.

Statistical Analyses

Continuous numeric variables were expressed as the mean
+ standard deviation and median values. Categorical vari-
ables were described using the frequency numbers and
percentages. Continuous variables were examined using
the independent samples #-tests, and P < 0.05 indicated
a statistically significant difference. Categorical variables
were examined using the one-sample and Pearson’s
tests of association. If a substantial (P < 0.05) association
was found between categorical variables, then a post hoc
residual analysis was conducted to determine the exact
significance in the contingency table. Additionally, logistic
regression analysis was used to determine the main pre-
dictors of symptomatic patients, and P < 0.05 was con-
sidered statistically significant.

Results

Patient Characteristics

The study included 108 confirmed COVID-19 patients.
Patient characteristics and clinical presentations are pro-
vided in Table 1. Female patients contributed to 58.3% of
the study cohort. The patients’ mean age was 36.4 = 17.1
years, with the highest ratio (45.4%) being young adults
20 to 40 years old. The most common comorbidities
experienced were hypertension (17.6%) and type II dia-
betes mellitus (10.2%), as these are the two most common
comorbidities among the Jordanian population.

Interestingly, a greater (P < 0.01) proportion of patients
were asymptomatic (41.7%) during their infection period.
The most common presenting symptoms in symptomatic
patients were dry cough and upper respiratory tract symp-
toms, including nasal congestion, runny nose, pain or
pressure behind the face, and sore throat. The mean length
of the infection period in our patient cohort was 13.5 £ 7.6
days.

The majority of our patients were asymptomatic or had
mild to moderate symptoms. Only ten patients had severe
symptoms with persistent fever, chills, cough, and difficulty
breathing. Unfortunately, one patient (an 80-year-old female

with breast cancer) with severe symptoms had progressed to
a critical stage and died 15 days after admission.

Laboratory Findings

Most laboratory values were within normal ranges, except
for ESR, LDH, and D-dimer, which had mean values
higher than their normal ranges (Table 2). The distribution
analysis revealed a higher (P < 0.01) number of patients
with elevated ESR and LDH levels at admission. Notably,
approximately three-quarters of the patients (P < 0.001,
74.1%) had elevated D-dimer blood levels (Table 3).

Comparison Between Mild and Severely

Symptomatic Patients

A summary of the comparison between mild and severely
symptomatic COVID-19 patients is provided in Table 4.
Patients with severe symptoms were older (P < 0.01) than
patients with mild symptoms. Most of the patients with
mild symptoms were young adults, whereas 80% of
patients with severe symptoms were over 40 y of age
(old adults and seniors). Additionally, more comorbidities
were associated with severely-symptomatic patients, and
a higher (P < 0.05) frequency of malignancy was detected
in patients with severe COVID-19 symptoms compared to
ones with mild symptoms.

Regarding the laboratory findings, more severely-
symptomatic patients (P < 0.05) had elevated C-reactive
protein levels compared to patients with mild symptoms.
The increases in the percentages of ESR, LDH, and
D-dimer elevated values in patients with severe symptoms
did not reach significant levels. There was no significant
difference in the infection period. However, the mortality
rate was higher (P < 0.05) in patients with severe symp-
toms compared to patients with mild ones (Table 4).

Comparison Between Symptomatic and

Asymptomatic Patients
A summary of the comparison between symptomatic and
asymptomatic COVID-19 patients is provided in Table 5.
There was a significant association between the patient sex
and the appearance of symptoms since more than two-
thirds of the symptomatic patients were females (69.8%).
However, there was no significant association between the
patient’s age and the symptomatic condition. Smoking also
was not significantly associated with patient symptoms.
Regarding the laboratory tests, ESR was the only test to
be significantly associated with the patients’ symptomatic
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Table | Characteristics of Patients with Novel Coronavirus
Infection in Northern Jordan

Associated Variables Number Percent (%)
Mean £ SD
Sex
Male 45 41.7
Female 63 58.3
Age (y) 364 % 17.1
Age category
Children and adolescents (1-19 y) 16 14.8
Young adults (2040 y) 49 45.4%%
Old adults (41-60 y) 34 315
Seniors (61-80 y) 9 83
Smoking 26 24.1
Comorbidities
Ischemic heart disease 5 4.6
Hypertension 19 17.6
Diabetes mellitus I 10.2
Dyslipidemia 7 6.5
Malignancy 2 1.9
Symptoms
Asymptomatic 45 41.7%*
Cough 43 39.8%*
Headache 14 13.0
Fever 16 14.8
Chills 10 9.3
URTS 47 43.5%*
Dyspnea 14 13.0
Infection period (days) 135+7.6
Outcome
Cured 107 99.1%*
Dead | 0.9

Notes: **P < 0.01, chi-square test.

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; ESR, ery-
throcyte sedimentation rate; URTS; upper respiratory tract symptoms; SD, standard
deviation; y, years.

state. A higher (P < 0.001) mean value of ESR was found in
the symptomatic patients. Compared to asymptomatic
patients, significantly more symptomatic patients (60%; P <
0.01) had elevated ESR levels (Table 5). Finally, a significant
association was detected between the infection period and
symptomatic condition of the patients. A longer (P < 0.001)
period of infection was observed in symptomatic compared
to asymptomatic patients (Table 5).

Furthermore, a binary logistic regression model that
included all variables in Table 5 was applied. The two main
predictors for symptomatic patients were the infection period
and LDH test results. Regression analysis revealed that

patients with high LDH values had a higher risk (4.1 times)
of being symptomatic than those with normal LDH values
(P < 0.05). Additionally, symptomatic patients showed
a longer (1.1 times) infection period than asymptomatic
patients (P < 0.05).

Discussion

To our knowledge, this is the largest and most comprehen-
sive evaluation of COVID-19 patients from Jordan.
Previous studies included fewer samples, were limited to
epidemiologic findings only, and were focused on one field
of medical specialty.'>'® Our study uniquely revealed the
characteristic differences between symptomatic and
asymptomatic patients with novel coronavirus infection.
Additionally, it provided important information about the
role of the inflammatory and coagulopathy biomarkers
during the disease course.

Approximately half of the infected people were young
adults between 20 and 40 years old, presumably, because
these are the most socioeconomically active individuals.
Additionally, the study revealed that many infected indivi-
duals were asymptomatic during their entire infection period.
These individuals were actually silent carriers of the virus
rather than genuine patients. A large proportion of asympto-
matic individuals were males. On the other hand, the major-
ity of symptomatic patients (~70%) were females. This
finding probably could be attributed to the more intense
immune response in females, which leads to more sympto-
matic complications than those in males.'”'® This sex-based
disparity in immune response may be attributed to differ-
ences in sex hormones. Generally, testosterone has an immu-
nosuppressive effect, while estrogen has an immuno-
enhancing effect.'” ' For example, estrogen has been linked
with enhanced capability of producing antibodies.'®

Mean values of the inflammatory and disease biomar-
kers ESR and LDH were above the normal range in our
COVID-19 patients since a large number of patients had
elevated blood levels for these two biomarkers. This find-
ing is comparable to several previous studies from differ-
ent populations.”>** Additionally, ESR was significantly
higher in the symptomatic compared to asymptomatic
patients. The ESR level reportedly is positively associated
with the severity of COVID-19 infection.”> Previous stu-
dies reported significantly higher ESR values in severe and
critically ill patients than those in mild and moderately ill
patients.”®?” The higher ESR values in our symptomatic
patients suggested that the inflammatory response was
more prominent in them than in the asymptomatic patients.
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Table 2 Mean Laboratory Test Values for COVID-19 Patients in Northern Jordan

Test Normal Range Mean * SD Median
Leukocytes (x10°/mm?) 4-11 70£26 6.8
Neutrophils (%103 /mm?) 1.5-7 4425 4.0
Lymphocytes (x10*/mm?) -3 20+ 09 1.9
Platelets (% 10%/mm?) 150—400 231.0 £ 647 220
Hemoglobin (g/dL) 11.5-155 138+ 1.9 13.9
Creatinine (umol/L) 50-107 67.6 £ 19.5 64.5
ALT (UIL) <33 212+ 149 16
AST (U/L) <32 21874 20
Albumin (g/L) 35-55 455+ 39 45.8
C-reactive protein (mg/L) <I0 6.7 + 84 29
ESR (mm/h) <20 2191791 20
LDH (U/L) 260-420 4478 £ 1459 1 419
D-dimer (ug/mL) <0.5 1.0+041 1.0

Note: ' indicates elevated mean value.

Abbreviations: ALT, alanine transaminase; AST, Aspartate transaminase; ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; SD, standard deviation; y, years.

Table 3 Distribution of Laboratory Test Results for Patients with Novel Coronavirus Infection in Northern Jordan

Test Low N (%) Normal N (%) High N (%)
Leukocytes (108/108) 15 (13.9) 85 (78.7) 8 (7.4)
Neutrophils (108/108) 9 (8.3) 88 (81.5) 11 (10.2)
Lymphocytes (108/108) 8 (7.4) 82 (75.9) 18 (16.7)
Platelets (108/108) 16 (14.8) 91 (84.3) 1 (0.9)
Hemoglobin (108/108) 13 (12.0) 70 (64.8) 25 (23.1)
Creatinine (106/108) I'1(10.4) 89 (84.0) 6 (5.6)

ALT (108/108) - 93 (86.1) 15 (13.9)
AST (108/108) - 98 (90.7) 10 (9.3)
Albumin (108/108) 2 (1.9) 98 (90.7) 8 (7.4)
C-reactive protein (102/108) - 74 (72.5) 28 (27.5)
ESR (98/108) - 51 (52.0) 47 (48.0)**
LDH (94/108) 0 (0.0 48 (51.1) 46 (48.9)**
D-dimer (103/108) - 23 (22.3) 80 (77.7y%+*

Notes: **P < 0.01, **P < 0.001, chi-square test.

Abbreviations: ALT, alanine transaminase; AST, Aspartate transaminase; ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; N, number..

This also was supported by the longer infection period
found in symptomatic than in asymptomatic patients.
D-dimer is a degraded protein fragment found in the
blood after the fibrinolysis of a blood clot.?® D-dimer is
normally undetectable in the blood unless there are forma-
tion and breakdown of blood clots. This allows a D-dimer
serum test to be used to rule out thrombotic episodes and
to help in early diagnosis of several thromboembolic con-
ditions, including deep vein thrombosis, pulmonary embo-
lism, and disseminated intravascular coagulation.?®*
Original studies suggested a hypercoagulable state in
COVID-19 patients, as thromboembolism formation was

reported by pathologic studies based on autopsies or

biopsies for COVID-19 patients.*'** Based on the pre-
vious fact, several researchers had linked the increase in
D-dimer level with the hypercoagulable state in COVID-
19 patients.**** However, other researchers propose that
elevated D-dimer levels could be associated with the
inflammation process and not necessarily related to the
thromboembolism condition in COVID-19 patients.*> In
fact, the exact reasons responsible for the elevated
D-dimer levels in COVID-19 patients are only partially
explained, and further investigations are warranted.
Comparing the findings of this study with other coun-
tries’ findings revealed population-wise variations in

sociodemographic characteristics and clinical presentation
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Table 4 Factors Associated with the Severity of Symptoms in COVID-19 Patients in Jordan

Associated Variables Mild Symptoms Severe Symptoms P-value
Sex, n (%) 0.460
Male 15 (28.3) 4 (40.0)
Female 38 (71.7) 6 (60.0)
Mean age (y), mean + SD 342 £ |55 50.3 £ 184 0.005
Age category, n (%) 0.046
Children and adolescents (1-19y) 10 (18.9) 1 (10.0)
Young adults (2040 y) 23 (43.4)7 1 (10.0)
Old adults (41-60 y) 16 (30.2) 6 (60.0)
Seniors (61-80 y) 4 (7.5) 2 (20.0)
Comorbidities, n (%)
Ischemic heart disease 2 (3.8) 1 (10.0) 0.396
Hypertension 7 (13.2) 2 (20.0) 0.573
Diabetes mellitus 4 (7.5) 2 (20.0) 0.219
Dyslipidemia 4 (7.5) I (10.0) 0.792
Malignancy 0 (0.0 I (10.0)7 0.020
Elevated Laboratory Values, n (%)
C-reactive protein 14 (26.4) 6 (60.0)" 0.036
ESR 29 (54.7) 8 (80.0) 0.136
LDH 26 (49.1) 7 (70.0) 0.224
D-dimer 39 (73.6) 9 (90.0) 0.264
Infection period (days), mean * SD 162 +7.7 142 + 6.7 0.572
Mortality, n (%) 0 (0.0 I (10.0) 0.020

Note: "Higher than expected frequency.

Abbreviations: ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; NS, not significant; n, number; P, probability; SD, standard deviation; y, years.

of COVID-19 patients. For example, the mean age of the
infected individuals in our study was 36.4 years, while the
mean age from a study in Spain was 64.7 years.’
Additionally, studies from Spain and China revealed that
most of the patients were symptomatic.>**° However, the
majority of the patients in our study were asymptomatic or
with mild symptoms. This is probably due to the younger
age of our patients. Nevertheless, these comparison find-
ings could justify the surveillance and quarantine approach
adopted by the Jordanian authorities for the early identifi-
cation of asymptomatic younger patients to control the
spread of the disease.

Several limitations, which are mainly related to the
methodology part of this research, should be considered.
First, the study was conducted in a single quarantine
center; therefore, the external validity of the study findings
is limited to the assigned population of Northern Jordan.
Second, the descriptive nature of the study prevents the
acceptance of casual associations. Third, we were unable
to determine the exact period of infection. Since patients
were discovered during routine surveillance, it is possible

that they acquired the infection several days before the
detection test. Fourth, specific inflammatory test values
such as the cluster of differentiation 4 and interferon-
gamma were not reported for most patients, so they were
excluded from the study. Finally, some laboratory test
values were missing from the hospital record for few
patients. However, we believe this issue does not affect
the laboratory findings of the study.

Conclusions

In conclusion, this study revealed that a large proportion
(>40%) of COVID-19 patients in Jordan were indolent
carriers of the virus. This emphasized the importance of
a continuous surveillance process in order to control the
spread of the disease. It also showed a sexual variation in
the inflammatory response to the disease, as more than
two-thirds of symptomatic patients were females. The
symptomatic patients suffered a longer period of infection
than asymptomatic carriers. Lastly, the main associated
biomarkers with the disease course and severity were

ESR and LDH inflammatory biomarkers. Further
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Table 5 Factors Associated with Symptomatic COVID-19 Patients in Northern Jordan

Associated Variables Symptomatic Asymptomatic P-value
Sex, n (%) 0.004
Male 19 (30.2) 26 (57.8)
Female 44 (69.8)" 19 (42.2)
Mean age (y), mean + SD 368 £ 16.9 359+ 177 0.797
Age category, n (%) 0.347
Children and adolescents (1-19y) Il (17.5) 5(1.1)
Young adults (2040 y) 24 (38.1) 25 (55.6)
Old adults (41-60 y) 22 (34.9) 12 (26.7)
Seniors (61-80 y) 6 (9.5) 3(6.7)
Smoking, n (%) 0.070
Yes I (17.5) 15 (33.3)
No 52 (82.5) 30 (66.7)
ESR value, mean + SD 263 + 187 15.0 = 14.1 0.001
ESR level, n (%) 0.003
Normal 24 (40.0) 27 (71.1)!
High 36 (60.0)" 11 (28.9)
LDH value, mean * SD 4689 + 171.2 423.3 £ 106.2 0.138
LDH level, n (%) 0.059
Normal 22 (42.3) 26 (61.9)
High 30 (57.7) 16 (38.1)
D-dimer value, mean * SD 1.1 £0.5 1.0+0.3 0.370
D-dimer level, n (%) 0.773
Normal 14 (23.3) 9 (20.9)
High 46 (76.7) 34 (79.1)
Infection period (days), mean + SD 16.0 + 7.6 10.3 + 6.3 <0.000

Note: "Higher than expected frequency.

Abbreviations: ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; NS, not significant; n, number; P, probability; SD, standard deviation; y, years.

investigations are warranted to assess the role of these

biomarkers in stratifying patients with greater risk of

COVID-19.

. Cyranoski D. We need to be alert’: scientists fear second coronavirus

wave as China’s lockdowns ease. Nature. 2020. doi:10.1038/d41586-

020-00938-0
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