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1. Abstract:

1.1 Introduction:

The novel coronavirus SARS-CoV-2 was detected in December 2019
in Wuhan, China, and rapidly spread all over the world. It causes
COVID-19 disease and WHO on 11 March 2020 declared the outbreak
as a pandemic. Health care systems, the hospitals, the trade, the national
economies, all aspects of human life and the societies globally faced an
unexpected “earthquake” due to the asynchronous threat that had to deal

with, unprepared for such situation.

1.2. Aim of the study:

The aim of our study was t to investigate the potential correlation
between RT-PCR for SARS-CoV-2 results and Rapid Test results, with
demographic characteristics, etiology for hospital admission, travel
history, vaccination and number of vaccination doses in patients that were
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admitted to a tertiary care hospital and to examine a mathematical formula

that might describe the correlation of the aforementioned parameters.

1.3. Material:

The population under study consisted of 2791 male and female patients
who were admitted at the Emergency Department and the Pathology
Department of Nikea General Hospital “Agios Panteleimon”, Piraeus,

Greece.

1.4. Results:

In our study we observed statistically significant correlation of both Rapid
Test result and RT-PCR result with etiology for hospital admission, travel
history, contact with a confirmed case and hospitalization. Relying on the
descriptive statistics we observe that men were mostly affected by SARS-
CoV-2. Neither of the two tests (RT-PCR and Rapid Test) correlated with
patient gender or specimen type. RT-PCR positive results are slightly
greater at January 2022, December 2022 and July and August 2022.
As regards with the vaccination, only RT-PCR result is correlated with
vaccination (yes/no). It was also observed that the cycles ORFlab and N
genes correlate with etiology of admission and pneumonia, while cycles N

gene correlate additionally and with other diseases.

2. Key words:
SARS-VoV-2, COVID-19, pandemic, RT-PCR, Rapid Test, CTs

3. Introduction:

COVID-19 disease, leading to a worldwide pandemic, is caused by SARS-
CoV-2 virus (Severe Acute Respiratory Syndrome Coronavirus-2) [1,2].
The impact of the ongoing pandemic to healthcare systems and public
health worldwide dramatically increased the morbidity and mortality
rates of the patients. Numerous vaccines have been developed in the
past three years, thus providing increased immunity against the disease.
Two COVID-19 mRNA vaccines were developed by Pfizer-BioNTech
(BNT162b2) and Moderna (mRNA-1273). Moreover, two viral vector
vaccines were developed by Johnson & Johnson/Janssen (Ad26.COV2.S)
and AstraZeneca (ChAdOx1 nCov-19). These four vaccines were the
most widely applied worldwide and were approved by both the FDA
(U.S. Food and Drug Administration) and EMA (European Medicines
Agency) organizations. The effectiveness of those vaccines has been
continuously evaluated and raised a lot of concerns due to emergence
of several virus mutations [3,4,5]. The present study aimed to study the
patients that were admitted to a tertiary care hospital and to investigate
the potential correlation between RT-PCR for SARS-CoV-2 results and
Rapid Test results, with demographic characteristics, etiology for hospital
admission, travel history, vaccination and number of vaccination doses.

Moreover, it aimed to examine a mathematical formula that might describe
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the correlation of the aforementioned parameters.
4. Aim Of The Study:

The aim of our retrospective study was to investigate any correlation of
positive RT-PCR results for the SARS-CoV-2 virus causing COVID-19
disease with patient demographics (sex, age), contact with a confirmed
COVID-19 case, recent travel history, vaccination and vaccine doses,
rapid test results, disease (yes or no), hospitalization (in ward, or ICU,
with or without mechanical support), etiology for hospital admission
(from the ICU, inpatient clinics, for preoperative testing, or other reasons),
hospitalization and genes’ Cts. Moreover, we aimed to highlight the
association of positive samples during the pandemic waves of COVID-19
and during the conducted time period under study.

5. Materials And Methods:

The population under study consisted of 2791 male and female patients
who were admitted at the Emergency Department and the Pathology
Department of Nikea General Hospital “Agios Panteleimon”, Piraeus,
Greece. All patients were informed about the study and gave their consent.
The study was approved by the Hospital’s Ethics Committee and carried
out according to the Declaration of Helsinki. On admission, data as regards
to the patients were collected from the referral notes and extracted from
the Hospital Information System. Data were collected between December
2021 and January 2023. Real-time RT-PCR for SARS-CoV-2 tests were
performed on Xiamen Zeesan Sanity 2.0 System, a fully automated and
integrated molecular diagnostic platform. Nasopharyngeal, oropharyngeal
or BAL samples from patients admitted to various departments of the
hospital were tested within 3 hours for the presence of SARS-CoV-2
nucleocapsid gene (N) and open reading frame lab (ORF1lab) gene. To
prevent PCR inhibition, synthetic swabs and 3 ml Citoswab Microbiology
Transport Media, manufactured by Citotest Labware Manufacturing were
used. BAL samples were pre-treated using 10ml water for injection. Before
inserting the samples into the extraction cartridge, 30s vortexing was
conducted. Then 1000uL and 500uL swab and BAL sample accordingly,
were transferred into the lysis buffer of the extraction cartridge. Next, the
extraction cartridge as well as the PCR reagents were inserted into Sanity
2.0 System, which uses magnetic particle method for the RNA extraction
and multiplex TagMan probe-base one-step real-time RT-PCR for target
amplification and detection. PCR result interpretation was carried out
automatically by instruments’ software. Cutoff Ct for positive samples
was 31 and 33 for N and ORFlab gene respectively. In all samples,
RNAse P was used as internal control to distinguish false negative results.
The sensitivity of the test was 200 copies/ml. The study was conducted in
the molecular laboratory of the hospital that is under Schem EQA (Lab
Scala) quality control.

6. Results:

The study included 2791 patients, 1561 (55,9 %) male and 1216 (43,6 %)

female. In 14 cases (0,5%) patient gender was not recorded in the referral
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form, due to administrative nonconformity. Patients were asked if they
had a recent travel history. Only 31 patients (1,1 %) confirmed to have
a recent travel history, 732 patients (26,2 %) did not have a recent travel
history, while in 2028 cases (72,7%) information about travel history was
missing, because these patients were admitted form mental health centers
and nursing homes. However, due to their medical condition we as assume
that they were not able to travel. Patients were asked if they had contact
with a confirmed COVID-19 case. Among them, 157 (5,6%) patients had
contact with a confirmed COVID-19 case and 450 patients (16,1%) did
not have any contact with a confirmed COVID-19 case. Moreover,
information about contact with a confirmed case for 2184 patients
(78,3%) was missing, because these patients were admitted form mental
health centers and nursing homes.

Etiology for hospital admission, as recorded in the referral note, included
fever, cough and/or dyspnea (6,6%), preoperative examination (31,0%),
pneumonia (0,5%), underlying disease (2,1%), acute respiratory disease
(17,8%), testing for admission to a nursing home according to national
guidelines (0,8%), screening testing for professional reasons (3,9%),
suspected COVID-19 case (8,6%), COVID-19 case follow-up (1,8%)
and other disease follow-up (4,8%), other diseases, such as orthopedic,
digestive, neurologic and heart disease (5,4%), as well as previous
hospitalization in ICU (1,3%). In 427 (15,3%) cases etiology for hospital
admission was missing due to administrative nonconformity, (Figure 1).
Rapid tests were performed for 2478 patients. Among them 2175 patients
(77,9%) were negative, and 303 patients were positive (10,9%). For 313
patients Rapid tests were not performed, due to economic constraints in

healthcare expenses.

Figure 1: Etiology distribution (percentage distribution based on known
cases only)
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RT-PCR for SARS-CoV-2 test was performed for all patients. Out of
them, 2080 (74,5%) patients had a negative PCR result, 611 (21,9%) had a
positive PCR result and 94 (3,4%) had a weak positive result. Invalid test

results were recorded on 6 (0,2 %) cases and are attributed to inappropriate
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sample quality. The majority of RT-PCR tests (2708 tests, 97,0%) were
performed in nasopharyngeal specimens, 72 (2,6%) were performed in
bronchoalveolar lavage and 11 (0,4%) in oropharyngeal specimens. Out
of the patients under study, 1511 (54,4%) were not hospitalized, 1217
(43,8%) were hospitalized and 51 (1,9%) were admitted to the ICU. We
performed a chi-square of independence test to observe if RT-PCR result
is correlated with any of the following parameters: etiology for hospital
admission, gender, travel history, contact with a confirmed case, rapid
test result, specimen type and hospitalization. RT-PCR result is correlated
with etiology for hospital admission (p-value < 2.2e-16), travel history
(p-value = 0.0006035), contact with a confirmed case (p-value <2.2e-16),
rapid test result (p-value <2.2e-16) and hospitalization (p-value=0.04044).
RT-PCR result is not correlated with gender (p-value=0.797) or with
specimen type (p-value=0.7042). Out of the patients under study, 2198
(78,7% ) were vaccinated with different vaccines. The data are presented
in Table 1.

Table 1: Vaccine type, relevant frequencies and percentages

FREQUENCIES OF

VACCINE TYPE

Row Labels FREQUENCY | PERCENTAGE
ASTRA ZENEKA 4 0.20%
JOHNSON 47 2.10%
JOHNSON+PFIZER 1 0.00%
MODERNA 169 7.70%
PFIZER 1960 89.20%
PFIZER+ MODERNA 1 0.00%
NOT RECORDED IN THE

REFERRAL NOTE 16 0.70%
TOTAL 2198 100%

Moreover, the patients had received from 1 to 5 vaccination doses. The
data are presented in Table 2.

Table 2: Vaccine doses, relevant frequencies and percentages

VACCINE DOSES

Doses FREQUENCIES PERCENTAGE
1 102 4.60%

2 411 18.70%

3 1499 68.20%

4 152 6.90%

5 34 1.50%

TOTAL 2198 100%

We performed a chi-square of independence test to observe if RT-PCR
result is correlated with any of the following parameters: vaccination,
vaccine type and vaccination doses. RT-PCR result is correlated with
vaccination (p-value =0.002924). RT-PCR result is not correlated with
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vaccine type (p-value = 0.07989) or with number of vaccination doses
(p-value = 0.2427). We performed an independent t-samples test to
investigate whether there is any statistical significant difference of the

mean age on the RT-PCR result (see table 3).

Table 3: Mean and Standard deviation of age for each PCR Result

PCR_RESULT | Frequency | Mean Age | Standard Deviation
Negative 1822 60.012 20.733
Positive 619 63.635 21.988
Unknown 3 67.667 12.097

Mean age of patients with a negative RT-PCR result was 60,01years, while
mean age of patients with positive RT-PCR-result was 63,63 years. The
difference between the two groups is statistically significant (p-value =
0.0003433). All RT-PCR tests were performed from December 2021 to
January 2023, as presented in Figure 2. As seen in this figure, the number
of positive test results seem not to be changed throughout the months.
Positive results are slightly greater at January 2022, December 2022 and
July and August 2022. We are seeing also a pick in the negative results
for March 2022, May 2022, September 2022 November 2022 as well as
December 2022. These were the months with the greater number of tests
conducted. Also we can see that during July and August 2022, although
we had a relative large number of positive results, the number of tests
conducted seem not to be so much (at least for July 2022). We performed
a chi-square of independence test to observe if Rapid Test result is
correlated with any of the following parameters: etiology for hospital
admission, gender, travel history, contact with a confirmed case,
specimen type and hospitalization.

Figure 2: Distribution of PCR tests with negative and positive results
per month. Blue line represents negative samples and orange line positive
samples.
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Rapid Test result is correlated with etiology for hospital admission
(p-value < 2.2e-16), travel history (p-value = 0.006603), contact with a
confirmed case (p-value < 2.2e-16) and hospitalization (p-value=0.01777).
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Rapid Test result is not correlated with gender (p-value = 0.4962) or with
specimen type (p-value = 0.3696). Moreover, Rapid Test result is not
correlated with vaccination (p-value = 0.05961), vaccine type (p-value
= 0.9483) and vaccine doses (p-value = 0.06628). Distribution of Rapid
Test results are presented in Figure 3. The view is more or less the same
as the one we had with RT-PCR results (figure 2). However, here we can
also observe a greater number of negative tests as compared to the RT-
PCR ones that is generally high for all 2022. The picks are the same as we
had with PCR tests.

Figure 3: Distribution of Rapid Test results during the time period under
study. Blue line represents negative samples and orange line positive
samples.
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Mean age of positive patients was 57,75 years, while mean age of
negative patients was 62,76 years. The difference between the two groups
is statistically significant (p-value = 1.634e-06). Moreover, Rapid Test
result is not correlated with gender (p-value = 0.1139). In this study we
also examined the relationships between CYCLE ORF lab gene and
CYCLE N GENE with etiology and vaccination dose. This examination
was performed using Analysis of Variance. Specifically, in table 4 below
we can see the results for the analysis of variance of CYCLE ORF lab
gene as compared between the etiology grouped values.

Table 4: Anova results for CYCLE ORF 1lab gene between etiology
groups.

Df DSum SQ | Mean SQ | F Value | Pr(>F)
Etiology | 11 2020 183.60 3.69 0.000241
Residuals | 521 29260 56.16

Seems there is a statistically significant difference between the mean of
CYCLE ORF 1ab gene as compared to the different etiology groups.
According to the statistics presented in Table 5, Other diseases as well as
Pneumonia do have the larger mean CYCLE ORF lab gene amongst the
different level for Etiology.

Table 5: Means and Standard Deviations for CYCLE ORF 1lab gene
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between the etiology groups.

Etiology Count | Mean SD
Other diseases 150 29,56292 | 4,767713
Dyspnea or cough or fever or other

COVID-19 related 185 24,73444 | 7,305803
Other disease follow-up 135 24,04889 |6,527254
Preoperative examination 866 25,99419 | 7,887138
Pneumonia 14 27,475 8,896627
Previous hospitalization in ICU 35 2438333 | 5,328289
Testing for admission to a nursing

home 408 23,20512 | 8,127504
Acute respiratory disease 51 24,295 5,894491
COVID-19 case follow-up 108 21,52259 | 5,828136
Screening testing 58 24,12438 | 7,624072
Underlying disease 241 22,20953 | 7,698173
Suspected COVID-19 case 427 25,43451 | 7,588138

Additionally, the same view we are having for CYCLE N_GENE also.
According to the ANOVA Results (F= 4189 p.value<0.001), CYCLE N
GENE is having significantly different mean values between the levels
of etiology. Likewise the mean values for CYCLE ORF lab gene, the
mean values for CYCLE N GENE are greater for Other diseases as
well as Pneumonia. Furthermore, both the levels for CYCLE _N_GENE
and for CYCLE ORF 1lab gene seems not to affected by the vaccination
dose (F=0.348 with p-value=0.85 (CYCLE_N_GENE) and F=0.71 with
p-value=0.58 (CYCLE ORF lab gene) Lastly, we fitted a logistic regression
model to model the probability of hospitalization and controlling for this
model all the other measuring variables.

The fitted model had the form:

logit(p)=0.03-0.01 Age +0.46 Vaccination - No-1.79 *Dyspnea or cough
or fever or other COVID-19 related symptoms-1.26 * Acute respiratory
disease -3.61 *Screening testing -1.25 Underlying disease - 1,5 * Suspected
COVID-19 case. In summary among the measuring variables, we had
provided during the fitting of the model, only the vaccination (baseline
level YES), the Age and Etiology (baseline level other diseases) were came
significant as of driving the probability for hospitalization. Interpretation
of the above estimating logit equation brings us to the following notes:

1. The odds ratio for the probability of hospitalization for the change in
age is equal to exp(-0.01)=0.99 when age is increasing for 1 year as
compared to the odds of hospitalization for a person 1 year younger.

2. The odds ratio for the probability of hospitalization given that the
person has not done the vaccine related to the odds of hospitalization
when the person is having had the vaccine is exp(0.46)=1.58. This
means that a person that has not done the vaccine is having 58%
larger odd of hospitalization as related to the odd of a person that has
done the vaccine.

3. exp (-1.79) =0.167 is the odds ratio for the probability of
hospitalization given that the patient is having Dyspnea or cough or
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fever or other COVID-19 related symptoms as related to the odds
ratio for hospitalization when the patient is having other diseases.
This means that a patient that is having Dyspnea or cough or fever
or other COVID-19 related symptoms has 83% smaller odds for
hospitalization when this is compared to the odds of hospitalization
for a patient that is having other diseases

4. exp(-1.26)=0.284is the oddsratio for the probability ofhospitalization
given that the patient is having acute respiratory disease relative to
the odd of hospitalization when the patient is having other diseases.
In other words, a patient with acute respiratory disease is having
71% smaller odds for the probability of hospitalization when this
is compared to the odd of hospitalization for a patient that is having
other diseases.

5. Furthermore, exp (-1.25) =0.287 is the odds ratio for the probability
of hospitalization given that the patient is having underlying diseases
as related to the odds for hospitalization when the patient is having
other diseases. In other words, a patient with underlying diseases is
having 71% smaller odds for hospitalization as compared to the odds
for a patient who is having other diseases.

6. Lastly, exp (-1.5) =0.22 is the odds for the probability of
hospitalization given that the patient is suspected to have COVID-19,
as compared to the odds for hospitalization when the patient is
having other diseases. This means that the patient who is suspected
to have COVID-19 is having 78% smaller odds for hospitalization as
compared to the patient who is having other diseases.

Generally, as we can see from the output of the logistic model, a person who
is having other disease is having a greater probability for hospitalization.
This is also valid for a person who had not done the vaccine. As a conclusion
we can say that we have not seen great probability for hospitalization
for a person having symptoms for COVID-19, or underlying diseases or
even acute respiratory disease. This means that the patients of our sample
are mainly hospitalized due to having other diseases, and not due to any
COVID-19 related symptoms, etc.

7. Discussion:

The new COVID-19 disease pandemic, caused due to infection by SARS-
CoV-2 had serious consequences in all aspects of life, as well as in
healthcare delivery worldwide. The pandemic has led to an unprecedented
increase in the number of patients admitted to the hospitals and as soon
as its early detection in the city of Wuhan, China, the need for effective
and appropriate laboratory tests emerged [6, 7, 8]. Those tests, such
as Rapid Test and RT-PCR test are very useful tools for the control of
the disease and for patient monitoring, as well as for screening at the
emergency department of hospitals [9]. In the present study we examined
2791 patients admitted in a tertiary care hospital in Greece and tried to
evaluate the potential correlation between RT-PCR and Rapid Test results
with demographic characteristics, etiology for hospital admission, travel
history, vaccination and number of vaccination doses. Moreover, we tried
to estimate a mathematical relation that describes the correlation of these

parameters by means of ANOVA and logistic regression. In our study we
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observed statistically significant correlation of both Rapid Test result and
RT-PCR result with etiology for hospital admission, travel history, contact
with a confirmed case and hospitalization. Neither of the two tests was
correlated with patient gender or specimen type [10,11,12,13,14,15,16].

Rapid Tests were found negative in 77,9%, that approximately correlates
to the negative 74,5% RT-PCR tests [17,18]. The positive RT-PCR results
were found in 21,9% and 3,4% weak positive, while positive Rapid Test
was 10,9%, that leads to the so far well-known conclusion that molecular
techniques represent the gold standard for the detection of viral genome
[17,19, 22].
correlated with vaccination (yes/no). Vaccine type or number of vaccination

As regards with the vaccination, only RT-PCR result is

doses are not correlated with any of the two parameters [15, 23]. It was
observed that the cycles ORFlab and N genes correlate with etiology of
admission and pneumonia, while cycles N gene correlate additionally and
with other diseases [10, 20, 25]. Relying on the descriptive statistics we
observe that men were mostly affected by SARS-CoV-2 [10,11,12,16]. No
recent travel history was reported from the majority of patients, which
correlates to the restricted measures and the decreased number of travelers
[13]. This study has some limitations; first due to the heavy workload
of the hospital on duty days, many referral forms had missing data
and consequently the statistical analysis was difficult. Second, the data
collection has not been designed as a prospective research tool but was

based on review of medical files and referral notes a posteriori.

8. Conclusion:

The sudden and unexpected pandemic of COVID-19 left in its wake a
wealth of research and clinical experience and useful tools for health care
systems to use in order to be ready for future health crises. The COVID-19
pandemic appeared to affect preferentially men, aged people >55 years
old with underlying diseases, causing severe pneumonia and increased
mortality. Hospitals faced an urgent need for extension of intensive care
departments, expenses for hospitalization of COVID-19 patients and
medicaments, along with those for reagents and apparatus. The applied
measures, lockdowns, transportation, traveling abroad and the vaccination

programs aimed the limitation of coronavirus transmission.
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