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a  b  s  t  r  a  c  t

Background:  COVID-19  is  diagnosed  using  RT-PCR  assays  of  samples  from  nasal  and  oropharyngeal  swabs.
People with  negative  RT-PCR  often  presented  with  clinical  manifestations  of COVID-19.  The  data  on such
patients  are  lacking.  The  present  study  aims  to characterize  the  patients  who  were  suspected  COVID-19
cases  and  tested  negative  in  RT-PCR  compared  to patients  who  had  been  tested  RT-PCR  positive.
Methods:  This  is  a retrospective,  observational  study  of adult  suspected  and  confirmed  patients  of  COVID-
Keywords:
COVID-19
Clinical characteristics
Negative RT-PCR

19 admitted  to King  Saud  University  Medical  City, Riyadh,  Saudi  Arabia,  from  1st  March  2020  until  30th
November  2020.  Laboratory  confirmation  is  done  through  nasal/pharyngeal  swab  specimens,  tested  pos-
itive  in  RT-PCR  assay.  Patients  with  initial  negative  RT-PCR  test  results  were  assessed  again  within  48−72
h  to avoid  false-negative  results.  Patient  data  were  extracted  from  the  electronic  medical  files  of  each
included  patient  using  a  predesigned  case  report  form.
Suspected COVID-19

Results:  The  study  included  488  (80.93%)  patients  with  RT-PCR  swab  results  positive,  and  115  (19.07%)
patients  who  were  negative.  Respiratory  rate  and diastolic  blood  pressure  were  higher  among

Abbreviations: ACE-2, angiotensin-converting enzyme-2; ALP, alkaline phosphatase; ALT, alanine aminotransferase; ARDS, acute respiratory distress syndrome; AST,
aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; CK, creatine kinase; CKD, chronic kidney disease; COVID-19, coronavirus disease-2019; CRP,
C-reactive protein; GGT, gamma-glutamyl transferase; ICU, intensive care unit; INR, international normalised ratio; LDH, lactate dehydrogenase; PT, prothrombin time;
PTT,  partial thromboplastin time; RT-PCR, reverse-transcriptase polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome-coronavirus-2; SPSS, Statistical
Package for the Social Sciences.
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the swab-positive  cases.  More  number  of swab-negative  patients  had  comorbidities  such  as  coronary  heart
disease,  chronic  kidney  disease,  and  carcinoma.  Fever,  cough,  and  shortness  of  breath  were  reported  higher
among  the swab-positive  cases.  ALT  and  AST,  and  LDH  levels  were  found  higher  among  RT-PCR-positive
patients.  Serum  creatinine,  blood  urea  nitrogen  and  troponin  were  more  elevated  in RT-PCR-negative
patients.  Antibiotics,  anticoagulants,  and  corticosteroids  were  used  more  by swab-positive  patients.
Significantly  higher  number  of  RT-PCR-positive  patients  required  proning,  high-flow  nasal  cannula,  non-
invasive  mechanical  ventilation,  and  invasive  mechanical  ventilation.  Acute  cardiac  ischemia  and  death
were  found  to  be similar  among  the patients.  However,  deaths  occurred  significantly  earlier  among  the
swab-positive  cases  when  compared  to the  swab-negative  group.
Conclusion:  Distinctive  symptoms  and markers  of  COVID-19  are  more  frequent  among  patients  who  had
RT-PCR-positive  results.

© 2021  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.
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Introduction

The coronavirus disease-2019 (COVID-19) caused by severe
acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) became
a global pandemic in March 2020. There have been ∼187 million
cases and ∼4 million deaths as of 13th July 2021 [1]. The clinical
characteristics of COVID-19 patients ranged from asymptomatic
in mild cases to acute respiratory distress syndrome and death
in severe cases. The most common symptoms of COVID-19 are
headache, loss of smell, nasal congestion, cough, asthenia, myal-
gia, rhinorrhea, sore throat, fever, shortness of breath, nausea or
vomiting, and diarrhea [2,3]. Commonly reported comorbidities of
COVID-19 are hypertension, obesity, diabetes, and cardiovascular
disease [4]. Risk factors for mortality were age (≥60 years), male
gender, smoking history, COPD, hypertension, diabetes, heart dis-
ease, and chronic kidney disease [5]. The first case of COVID-19 was
reported on 2nd March 2019 in Saudi Arabia. As of 13th July 2021,
Saudi Arabia has reported ∼500,000 cases and 8006 deaths with a
case fatality rate of 1.6% [6].

Cough, fever, fatigue, dyspnea, and sore throat were the most
common symptoms seen in COVID-19 patients in Saudi Arabia
[7]. In addition, 52.5% of the hospitalized patients had comor-
bid conditions, with diabetes and hypertension being the most
frequent comorbidities [8]. COVID-19 mainly affects the respira-
tory system, as the virus SARS-CoV-2 enters and replicates in the
epithelial mucosa of the upper respiratory tract. The virus binds
with angiotensin-converting enzyme-2 (ACE-2) receptor protein to
enter the cells and downregulate it in the process. It leads to acute
lung injury through the uncontrolled action of proinflammatory
angiotensin II [9]. Rapid replication of the virus in the respiratory
tract triggers an intense inflammatory response and inflammatory
cytokine production named ‘cytokine storm.’ The acute inflamma-
tory response leads to severe manifestations of COVID-19 such as
tissue injury, coagulopathy, multiple organ dysfunction, and sepsis
[10].

COVID-19 is diagnosed using real-time reverse-transcriptase
polymerase chain reaction (RT-PCR) assays by detecting the SARS-
CoV-2 from nasal and oropharyngeal swabs. The initial false
positive RT-PCR may  be as high as 54%, indicating the need for
repeat testing and additional diagnostic tests. Apart from the ana-
lytical factors, the viral load, time of the sample, and quantity of
specimen contribute to the false-positive cases of COVID-19 [11].
It has been even proposed to use deep tracheal aspirate instead of
nasal or pharyngeal swabs to avoid false negative results in patients
hospitalized with pneumonia [12]. People with negative RT-PCR

reports often presented with clinical manifestations of COVID-19
[13]. These patients would require appropriate clinical assessment
and treatment. The data on the clinical characteristics, laboratory
profile, and outcomes of such patients are lacking.
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nder  the CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

The epidemiological and clinical characterizations mainly
ocused on the COVID-19 patients who  tested positive in RT-PCR.
here is a lack of data on clinical presentation and biochemical pro-
les of patients who tested negative RT-PCR. The present study aims
o characterize the patients who were suspected COVID-19 cases
nd tested negative in RT-PCR compared to patients who had been
ested RT-PCR positive.

ethods

tudy design, setting and participants

This is a retrospective observational study that included adult
uspected and confirmed cases of COVID-19 admitted to King Saud
niversity Medical City, Riyadh, Saudi Arabia, from 1st March 2020
ntil 30th November 2020.

ase definition

The case definition for this study was based on the Ministry
f Health, Saudi Arabia, and the Saudi Center for Disease Preven-
ion and Control definition published in April 2020 [14]. Suspected
OVID-19 case was defined as either patient with acute respira-
ory illness (sudden onset of at least one of the following: fever
measured or by history), cough, or shortness of breath) and in the
4 days prior to symptom onset, met at least one of the following
pidemiological criteria with one or more of epidemiological link
uch as having a history of travel abroad or visiting or being a res-
dent of the high-risk area for COVID-19 in the Kingdom or having

 close physical contact prior to symptom onset with a confirmed
OVID-19 case or working in a healthcare facility, or any admit-
ed adult patient with unexplained severe acute respiratory illness
SARI), either Community-Acquired Pneumonia (CAP) or Hospital
cquired Pneumonia (HAP).

A confirmed case is defined as a suspected case with laboratory
onfirmation of COVID-19 infection [14]. Laboratory confirmation
s done through nasal/pharyngeal swab specimens, tested positive
or 2019-nCoV nucleic acid using RT-PCR assay. Patients with neg-
tive initial RT-PCR test results were assessed again within 48−72

 to avoid false-negative results. The result was defined as positive
f it appeared positive once, and it was considered negative only if
t remained negative consecutively.

ata collection
Data were extracted from the electronic medical files of
ach included patient using a predesigned case report form.
ocio-demographic characteristics, vital signs, underlying comor-
id conditions, clinical symptoms, and laboratory parameters on
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Fig. 1. Treatments provided to the patients categorized according to the RT-PCR
status.
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admission, treatment, and outcomes were retrieved. The study pro-
tocol was reviewed and approved by the institutional review board
at the College of Medicine, King Saud University, Riyadh, Saudi
Arabia.

Statistical analysis

Continuous data are represented as mean and standard devia-
tion, or median and interquartile range and analyzed using Analysis
of Variance (ANOVA) or independent t-test or Mann–Whitney U
test. Proportions are expressed as frequencies and percentages and
were compared using the Chi-square test. Association of demo-
graphic and clinical characteristics with swab-positive cases was
assessed using logistic regression. Data analysis was  conducted
using the Statistical Package for Social Sciences (SPSS) version 26
(SPSS Inc, Armonk, New York, USA), and a p value of <0.05 was
considered statistically significant.

Results

A total of six hundred and three patients were included in
the study; among them, 488 (80.93%) patients had RT-PCR swab
results positive, and 115 (19.07%) patients had RT-PCR swab results
negative for SARS-CoV-2. The demographic profile of the study par-
ticipants is presented in Table 1. The gender ratio was  similar in
both swab-negative and swab-positive group. However, the swab-
negative cases were significantly older than the swab-positive
patients, with 48.6% of cases among the swab-positive group are
less than 50 years of age. The vital signs did not differ signifi-
cantly between the two groups, except for the respiratory rate and
diastolic blood pressure, which were significantly higher among
the swab-positive cases (p = 0.012 and p = 0.037, respectively).
Although the mean body mass index (BMI) was similar between
the groups, the percentage of overweight and obese patients was
higher among the swab-positive patients (p < 0.001).

The frequency of comorbidities such as diabetes mellitus, hyper-
tension and immunosuppressive disease did not differ significantly
between the groups. On the other hand, the swab-negative cases
had significantly higher rates of coronary heart disease, chronic
kidney disease, and carcinoma (p < 0.001, p = 0.001 and p =
0.015, respectively) compared to the swab-positive cases (Table 2).
Although the history of chronic obstructive pulmonary disease
among the RT-PCR-positive patients was almost twice the rate
among the RT-PCR-negative patients, the difference did not reach a
statistically significant level (p = 0.057). The most common symp-
toms among both groups were fever, cough, and shortness of
breath. These symptoms were reported significantly higher among
the swab-positive cases compared to the swab-negative group (p
< 0.001, p < 0.001 and p = 0.023, respectively). Other symptoms
such as sore throat, tiredness, diarrhea, runny nose, loss of sense of
odor, and loss of sense of taste were reported by fewer participants;
however, they were significantly higher among the swab-positive
cases.

Comparison of the hematological and biochemical parameters
of the study participants revealed interesting findings. Unlike the
clinical characteristics, which were suggestive of clinical COVID-19
in the majority of the RT-PCR positive cases, the biochemical pro-
file of the study participants presented a mixed scenario (Table 3).
Basophils and eosinophils were significantly lower among swab-
positive cases (p = 0.017 and p = 0.010, respectively). Hemoglobin
level and hematocrit were significantly lower in swab-negative

patients (p < 0.001 and p < 0.001, respectively), whereas platelet
count was significantly lower in swab-positive cases (p = 0.001).
Liver enzymes ALT and AST, and LDH levels were found to be
significantly higher among RT-PCR-positive patients (p < 0.001,
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Fig. 2. Clinical outcomes of the study patients by RT-PCR status.

 = 0.001, and p < 0.001, respectively). Renal function markers
erum creatinine and blood urea nitrogen and troponin, a cardiac
njury marker, were significantly more elevated in RT-PCR-negative
atients (p = 0.014, p = 0.008, and p = 0.001, respectively). On
he other hand, the coagulation profile (INR and PT) was signif-
cantly higher among RT-PCR-positive cases (p < 0.001 and p <
.001, respectively). Even though the fibrinogen levels were higher

n RT-PCR-positive patients, it was  not statistically significant (p
 0.055). RT-PCR-positive patients reported a significantly higher
evel of ferritin when compared to swab-negative cases (p < 0.001).
he inflammatory marker CRP was significantly higher in RT-PCR-
ositive patients (p < 0.001). Although the fasting blood glucose

evels were higher among RT-PCR-positive patients, it was  not sta-
istically significant (p = 0.341).

The most used drugs were antibiotics, anticoagulants, and cor-
icosteroids in both groups, in which swab-positive cases were
ignificantly higher in receiving those treatments (Fig. 1) (p = 0.001,

 < 0.001 and p < 0.001, respectively). Only a minor proportion of
atients received antiviral therapy, and it was similar between the
roups. A significantly higher number of RT-PCR-positive patients
equired proning, high-flow nasal cannula, non-invasive mechan-
cal ventilation, and invasive mechanical ventilation (p < 0.05).
ig. 2 reports the outcomes of the patients. Admission to the inten-
ive care unit was  found significantly higher among swab-positive
ases (p = 0.011). Respiratory failure, acute respiratory distress syn-
rome, secondary infections, sepsis, septic shock, heart failure, and
ytokine storm were found higher among RT-PCR-positive patients
ut not statistically significant. Acute cardiac ischemia and death
ere found to be similar among the patients. The rate of discharge

nd death among the groups are presented as the Kaplan Meier
urve in Fig. 3. The curve was constructed after adjustment (exclu-
ion) of patients with comorbid conditions such as coronary heart

isease, chronic kidney disease and carcinoma which were found to
e significant confounders for mortality and discharge. The num-
er of days for being discharged from the hospital between the
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Table  1
Demographic, anthropometric and vital signs of the study subjects.

Variables All patients RT-PCR positive result RT-PCR negative result p Values
Mean ± SD or N (%) Mean ± SD or N (%) Mean ± SD or N (%) (RT-PCR positive vs

RT-PCR negative)N  = 603 N = 488 N = 115

Demography
Gender
Male 317 (52.7%) 256/488 52.5%) 61/115 (53.0%) 0.927
Female 285 (47.3%) 231/488 (47.3%) 54/115 (47.0%)

Age,  in years
Overall 51.60 ± 18.11 50.06 ± 17.21 57.86 ± 20.35
18−29 74  (12.3%) 60 (12.3%) 14 (12.2%) <0.001*
30−39 109 (18.1%) 96 (19.7%) 13 (11.3%)
40−49  90 (14.9%) 81 (16.6%) 9 (7.8%)
50−64  182 (30.2%) 148 (30.3%) 34 (30.0%)
≥65  148 (24.5%) 103 (21.1%) 45 (39.1%)

Marital status
Single 103 (17.1%) 81/488 (16.6%) 22/114 (19.3%)
Married 381 (63.3%) 311/488 (63.7%) 70/114 (61.4%) 0.787
Widowed/Divorced 118 (19.6%) 96/488 (19.7%) 22/114 (19.3%)

Respiratory rate (per min) 21.84 ± 4.98 22.12 ± 5.20 20.81 ± 3.91 0.012*
Pulse rate (per min) 90.19 ± 15.47 90.29 ± 15.00 90.08 ± 17.46 0.897
SBP,  in mmHg  125.50 ± 18.35 125.82 ± 17.65 124.32 ± 21.35 0.436
DBP,  in mmHg  72.79 ± 12.62 73.32 ± 11.97 70.59 ± 14.88 0.037*

BMI, kg/m2

Overall mean 29.75 ± 7.33 30.05 ± 7.02 28.59 ± 8.51 0.063
<18.5 14 (2.5%) 8/462 (1.7%) 6/108 (5.6%)
18.5−24.9 129 (22.6%) 97/462 (21.0%) 32/108 (30.0%) 0.018*
25−29.9 192 (33.7%) 159/462 (34.4%) 33/108 (30.1%)
≥30  235 (41.2%) 198/462 (43.0%) 37/108 (34.3%)

* Significant p value between RT-PCR positive and negative groups.

Table 2
Comorbidities and clinical presentation of the study subjects.

Variables All patients RT-PCR positive result RT-PCR negative result p Values
N  (%) N (%) N (%) (RT-PCR positive vs

RT-PCR negative)N  = 603 N = 488 N = 115

Comorbidities
Diabetes 267 (44.4%) 215/488 (44.1%) 52/114 (45.6%) 0.763
Hypertension 242 (40.3%) 188/486 (38.7%) 54/115 (47.0%) 0.104
Coronary heart disease 91 (15.1%) 60/488 (12.3%) 31/115 (27.0%) <0.001*
COPD 35 (5.8%) 31/487 (6.4%) 4/114 (3.5%) 0.057
CKD  62 (10.3%) 40/485 (8.2%) 22/114 (19.3%) 0.001*
Carcinoma 27 (4.5%) 17/488 (3.5%) 10/115 (8.7%) 0.015*
Immunosuppressive disease 9 (1.5%) 7/488 (1.4%) 2/115 (1.7%) 0.808

Clinical presentation
Loss of sense of odour 34/599 (5.7%) 33/488 (6.7%) 1/115 (0.9%) 0.013*
Loss of sense of taste 43/599 (7.2%) 42/488 (8.6%) 1/115 (0.9%) 0.004*
Loss of appetite 70/600 (11.7%) 59/485 (12.2%) 11/115(9.6%) 0.435
Fever 302/598 (50.5%) 275/484 (56.8%) 27/114 (23.7%) <0.001*
Cough 318/599 (53.1%) 283/484 (58.5%) 35/115 (30.4%) <0.001*
Tiredness 108/600 (18.0%) 96/485 (19.8%) 12/115 (10.4%) 0.019*
Shortness of breath 334/600 (55.7%) 283/485(58.3%) 51/115 (44.3%) 0.023*
Runny nose 45/598 (7.5%) 43/483 (8.9%) 2/115 (1.7%) 0.009*
Sore throat 111/599 (18.5%) 105/484 (21.7%) 6/115 (5.2%) <0.001*
Body aches 155/600 (25.8%) 132/485 (27.2%) 23/115 (20.0%) 0.112
Diarrhoea 85/597 (14.2%) 83/482 (17.2%) 2/115 (1.7%) <0.001*
CNS presentation 50/594 (8.4%) 44/481 (9.1%) 6/113 (5.3%) 0.186
Headache 38/593 (6.4%) 34/481 (7.1%) 4/112 (3.6%) 0.173

(2.3%)

n
a
i
o
d

Confusion 14/592 (2.4%) 11/480 

* Significant p value between RT-PCR positive and negative groups.

two groups was not different. However, deaths occurred signifi-
cantly earlier among the swab-positive cases when compared to
the swab-negative group (19.56 ± 2.44 days vs. 39.67 ± 17.14 days,
p = 0.037).
Discussion

This study describes the clinical characteristics, treatments, and
outcomes of SARS-CoV-19 RT-PCR positive patients and RT-PCR
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 3/112 (2.7%) 0.808

egative patients. All these patients had either exposure history
nd or symptoms suggestive of COVID-19 and required hospital-
zation. RT-PCR-negative patients were older and had a higher rate
f comorbidities such as coronary heart disease, chronic kidney
isease, and carcinoma. Even though the two groups showed a sim-
lar pattern of clinical presentation, the patients in RT-PCR positive
roup are characterized by a higher rate of typical COVID-19 symp-
oms. Lower lymphocyte count on admission is one characteristic of
OVID-19 observed in earlier studies [15]. However, in the present
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Table  3
Hematology and biochemical parameters of the study subjects.

Variables All patients RT-PCR positive RT-PCR negative p Values
N  = 603 N = 488 N = 115 (RT-PCR positive vs RT- PCR negative)

Hematology
Granulocyte, (×109/L) 6.71 ± 9.05 (0.7−79.0) 6.72 ± 9.97 6.58 ± 3.39 0.936
Lymphocytes, (×109/L) 1.32 ± 0.77 (0.10−4.90) 1.29 ± 0.75 1.43 ± 0.81 0.165
Monocytes, (×109/L) 0.60 ± 0.42 (0.1−4.1) 0.58 ± 0.43 0.67 ± 0.34 0.085
Eosinophils, (×109/L) 0.09 ± 0.23 (0−2.0) 0.08 ± 0.22 0.16 ± 0.26 0.010*
Basophils, (×109/L) 0.03 ± 0.06 (0−0.70) 0.03 ± 0.07 0.05 ± 0.05 0.017*
MCV, (fL) 84.45 ± 7.22 (52.3−113.1) 84.17 ± 7.24 85.61 ± 7.15 0.063
MCH,  (pg) 28.53 ± 2.91 (17−38) 28.48 ± 2.92 28.71 ± 2.92 0.468
MCHC, (g/L) 337.01 ± 12.43 (287−384) 337.34 ± 12.37 335.73 ± 12.73 0.229
Hgb,  (g/L) 125.89 ± 22.56 (46−173) 127.77 ± 21.14 119.24 ± 25.66 <0.001*
Hct, (%) 37.36 ± 6.36 (13.6−54.3) 37.90 ± 5.90 35.49 ± 7.38 <0.001*
Platelets, (×109/L) 252.32 ± 107.04 (17−732) 244.31 ± 103.85 281.41 ± 110.69 0.001*
MPV, (fL) 8.37 ± 1.09 (3.3−12.7) 8.41 ± 1.06 8.23 ± 1.24 0.141

Blood  biochemistry
AST, (U/L) 32.00 (19.0–53.0) 34.0 (6.0−494.0) 25.5 (6.0−606.0) 0.001*
ALT, (U/L) 34.00 (22.0−53.0) 37.0 (8.0−395.8) 25.0 (5.0−1000) <0.001*
ALP, (U/L) 78.00 (61.0−116.0) 76.0 (30.0−670.0) 89.0 (24.0−975.0) 0.079
GGT,  (U/L) 54.00 (27.25−107.75) 54.00 (3.0−1501) 44.00 (13.0−748.0) 0.606
LDH,  (U/L) 335.5 (236.75−452.25) 342.0 (101−1979) 167.00 (99−1059) <0.001*
Calcium, (mmol/L) 2.18 ± 0.26 2.17 ± 0.24 2.22 ± 0.26 0.156
Phosphates, (mmol/L) 1.08 ± 0.42 1.11 ± 0.35 1.30 ± 0.63 <0.001*
Creatinine, (�mol/L) 78.0 (20.8−56.0) 76.0 (15.0−1268) 86.50 (19.0−1520) 0.041*
BUN, (mmol/L) 4.70 (3.2−7.45) 4.60 (1.20−41.20) 6.25 (1.33−78.4) 0.008*
Troponin, (ng/L) 8.10 (1.50−23.25) 7.00 (0.001−28,389) 14.70 (1.5−15,039) 0.001*
Creatine kinase, (U/L) 117.50 (58.2−242.5) 118.0 (8−3062) 111.0 (15−753) 0.852
D-dimer, (�g/L) 1.02 (0.64−1.73) 1.01 (0.27−20.0) 1.28 (0.27−20.0) 0.163
Ferritin, (�g/L) 435.60 (137.63−1106.6) 500.0 (5−12,961) 191.0 (21−2263) <0.001*
Fibrinogen, (g/L) 5.53 (3.9−7.01) 5.53 (2.13−9.60) 3.57 (3.27−6.08) 0.055
INR  1.05 (0.97−1.15) 0.99 (0.86−1.53) 1.08 (0.94−1.28) <0.001*
PT, (s) 14.20 (13.5−15.4) 13.60 (12.0−19.2) 15.30 (13.0−16.7) <0.001*
PTT, (s) 38.5 (34.7−44.2) 38.93 (28.7−51.5) 34.6 (31.2−47.0) 0.864
CRP,  (mg/L) 70.3 (24.7−123.0) 79.3 (0.84−233) 63.40 (27.4−128.0) <0.001*
FBS, (mmol/L) 6.6 (5.2−9.25) 7.0 (4.0−35.0) 5.47 (4.0−7.0) 0.341

Values are expressed as mean ± standard deviation with range given in the parenthesis o
* Significant p value between RT-PCR positive and negative groups.
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ways. Direct injury to ACE2 expressing liver epithelial cells, inflam-
matory response mediated damage to liver cells, hypoxia-induced
Fig. 3. Cumulative hospitalization outcomes of patients by RT-PCR status.

study, lymphocyte count in the swab-positive group is only slightly
less than in the RT-PCR-negative group and not significant. Previ-
ous studies comparing RT-PCR positive and RT-PCR negative cases
showed a significantly lower lymphocyte count among the posi-
tive patients [13,16]. On the other hand, eosinophils and basophils
were found lower among the RT-PCR-positive patients. Lower lev-
els of eosinophils and basophils are reported to be associated
with delayed recovery in COVID-19 patients [17]. Contrastingly, we

observed a similar time to discharge among the survivors in both
groups.

c

162
r median and interquartile range in the parenthesis.

Hemoglobin and hematocrit levels are significantly higher in
T-PCR-positive patients than in RT-PCR-negative patients. A pro-
ressive decrease in hemoglobin levels with the increasing disease
everity was reported in COVID-19 patients [18]. The laboratory
arameters of the present study were assessed at the time of
dmission to the hospital. The lower hemoglobin levels among
he RT-PCR-negative cases might be attributed to higher chronic
idney disease and coronary disease patients. It may be noted
hat the serums creatinine, phosphate, and BUN levels are sig-
ificantly more elevated among RT-PCR negative cases indicating
oor renal function. Ferritin, the other hemoglobin-related marker,
as  found to be very high among RT-PCR-positive patients. This

s in agreement with the previous reports [19]. Increased circu-
ating ferritin level is considered as a marker of an uncontrolled
nd heightened immune response. The inflammatory cytokines
roduced during the COVID-19 infection induce hepatocytes, Kupf-
er cells, and macrophages to secrete ferritin [20]. Ferritin has
een implicated as an immune mediator and is associated with
he hyperinflammatory state of COVID-19. Another inflammatory

arker, C-reactive protein (CRP), was  also found to be significant
n the RT-PCR positive cases.

Significantly higher levels of serum LDH among RT-PCR positive
ases indicate COVID-19 had already progressed to severe levels.
levated liver enzymes were observed among both groups. But the
T-PCR positive group showed significantly higher serum ALT and
ST levels than the RT-PCR negative group. SARS-CoV-19 infection

s known to increase liver enzymes by affecting the liver in multiple
ell damage, and hepatotoxicity arising from multiple drug treat-
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ments are the major causes of elevated liver enzymes observed
among COVID-19 patients [21]. The other liver enzymes ALP and
GGT, were not different between the groups. However, they were
abnormally high among many patients in both groups. This con-
trasts with the serum AST and ALT levels, which were too abnormal
in both groups but significantly higher among RT-PCR positive
cases. Such a difference was not observed in serum ALP and GGT
levels.

Serum creatine kinase (CK), an indicator of muscle damage, has
been found to be associated with poor outcomes among COVID-
19 patients [22]. We  found abnormally high CK levels in both
groups in the present study, although the range has been broader
among RT-PCR-positive patients. Elevated CK levels are also impli-
cated in cardiovascular and renal diseases. Therefore, individual
assessment of the patients will be more appropriate to identify
the causes of elevated CK levels. Troponin, a marker of myocardial
inflammation, was found higher among RT-PCR-negative patients,
though the RT-PCR-positive group had a more comprehensive
range. Troponin levels are often associated with COVID-19 indicat-
ing myocardial injury mediated by inflammatory cytokines. Acute
respiratory infections and sepsis also increase troponin levels.
As sepsis and secondary infections were reported less frequently
among the RT-PCR-negative group, the higher level of serum tro-
ponin among this group may  be ascribed to the presence of more
patients with acute myocardial injury. Coagulopathy in COVID-19 is
defined by decreased platelet counts, elevated D-dimer, fibrinogen
levels, and prolongation of prothrombin time/partial thromboplas-
tin time [23]. With almost all the coagulation parameters in the
abnormal range, coagulopathy seems to be present in both groups
in the present study. D-dimer, fibrinogen, and PTT levels were
similar between the RT-PCR-positive and RT-PC-negative groups.
It should be kept in mind that chronic kidney disease can inde-
pendently increase the coagulation markers [24]. Therefore, its
influence on the coagulopathy observed among RT-PCR negative
cases cannot be ruled out.

Even though the admission to ICU was higher in RT-PCR posi-
tive cases, mortality has been similar between the groups. Except
for ICU admission, respiratory failure, and ARDS, all other severe
outcomes were reported in similar frequency between RT-PCR-
positive and RT-PCR-negative groups. In addition, the presence of
comorbidities was higher among RT-PCR-negative patients. Death
among RT-PCR positive patients occurred earlier than RT-PCR neg-
ative patients. With more patients admitted to ICU, experienced
respiratory failure and ARDS, the RT-PCR-positive group, appears
to have a severe manifestation of COVID-19, which shortened the
time to death. Comparable time to discharge rates between groups
indicates that both groups’ survivors had a similar disease severity.

Clinical and biochemical characteristics of RT-PCR-negative
patients overlap with RT-PCR-positive patients to some extent. A
substantial number of RT-PCR-negative patients were symptomatic
and required hospital admission. In addition, many of them had
coronary heart disease and chronic kidney disease. Even though
RT-PCR-positive patients presented with many of the distinctive
markers of COVID-19, few markers were observed equally between
the two groups. While some of them could be attributed to under-
lying disease conditions, it may  not rule out clinical COVID-19 in
RT-PCR negative cases. The RT-PCR-positive group had a severe
manifestation of COVID-19 whereas, mortality and time to dis-
charge were similar between the groups. It may  be possible that
the RT-PCR positive group had a higher viral load that resulted in
the severe disease and shorter time to death. Therefore, patients
with an RT-PCR-negative report should not be discharged with-

out clinical assessment, especially in patients with comorbidities.
RT-PCR-negative patients with clinical manifestations should be
dealt with a high degree of suspicion and treated appropriately.
Imaging could provide additional information about the presence

f
l
C
a
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f a SARS-CoV-2 infection. Serological testing also can be used
o detect exposure to SARS-CoV-2. Therefore, in RT-PCR nega-
ive cases, clinical presentation, imaging, and serology should be
valuated depending on the availability and level of suspicion. Iden-
ifying the false-negative cases will lead to isolation and prevent
lusters of nosocomial infections. Protocols should be developed to
eal with highly suspected false-negative cases, particularly those
ith comorbidities.

The strength of this study is that we included RT-PCR-negative
atients that were negative in two  consecutive tests. We  were
ble to report the outcomes of the RT-PCR negative patients as we
ncluded only patients who were hospitalized. At the same time, it
s also one of the limitations of this study, as we  do not know the
utcomes of RT-PCR negative cases who  have COVID-19 like symp-
oms but were not hospitalized. The hospitalized RT-PCR-negative
atients are more likely to have had clinical COVID-19 symptoms.
esides, the RT-PCR-negative patients presented with more fre-
uent comorbidities. This could have been one of the reasons for
he hospitalization of those RT-PCR-negative patients. Therefore,
he results of this study cannot be generalized to all RT-PCR neg-
tive cases. Further, we  did not investigate the imaging reports of
he patients. We  do not know how many of the RT-PCR negative
atients had radiology image assessments.

onclusion

The clinical and biochemical characteristics of RT-PCR-negative
atients have certain similarities to the RT-PCR-positive patients.
istinctive symptoms and markers of COVID-19 are more frequent
mong patients who had RT-PCR-positive results. Comorbidities
ere higher among RT-PCR-negative patients. Patients in the RT-

CR-positive group had severe outcomes of COVID-19. However,
ortality was similar between groups, although the RT-PCR-

ositive group had a shorter time to death. Both groups had
omparable time to discharge among survivors. Clinical presenta-
ion, imaging, and serology should be evaluated in RT-PCR negative
ases depending on the availability and level of suspicion.
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