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ABSTRACT

and negative test results.

tory index (SIl) were calculated.

Introduction: The diagnosis of coronavirus disease 2019 (COVID-19) disease is necessary for the further treatment of
patients with the present symptoms, and molecular diagnostics is considered the gold standard. However, it is already
known that patients with symptoms of the disease can have a negative test due to various factors. The purpose of this
study is to evaluate the laboratory parameters in patients with symptoms of COVID-19 infection who have both positive

Methods: The study included 101 samples from patients who tested positive for COVID-19 and 101 samples from
patients who tested negative, both groups presenting symptoms of COVID-19. Data on the complete blood count, the
absolute values of the differential blood count, and the D-dimer values were collected from the samples that were taken.
Using blood count data, neutrophil-to-lymphocyte ratios, platelet-to-lymphocyte ratios, and systemic immune-inflamma-

Results: Based on the examination and research, a significant increase and change in the values of inflammatory indices
and D-dimer were determined. In addition to the increase of these values above the reference value, a positive correlation
was confirmed between the inflammation index value and the D-dimer value.

Conclusion: COVID-19-negative patients with characteristic symptoms of COVID-19 had higher values of lymphocytes
and the determination of platelets and Sl in these patients can be added to the diagnostic algorithm.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic
caused by the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) spread to a global pandemic within a
few months of its appearance in one locality (1). The risk
of spreading the disease is greatest in direct contact with an
infected person. The aerogenous route is the most common
form of transmission (cough and speech). Other people are
infected if the virus enters the mucous membrane of their
nose, mouth, eye, etc. (2).

Early diagnosis, treatment, and isolation should be carried
out whenever possible. Dynamic monitoring of the devel-
opment of radiological pictures, oxygenation index, and
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cytokine level is useful for early identification of patients
who could develop more severe clinical pictures of the
disease (3). The gold standard for proving COVID-19 is
a positive test for the presence of SARS-CoV-2 nucleic
acid (4). However, considering the possibility of false neg-
ative findings suspected patients with typical computed
tomography findings can be treated as confirmed cases even
if the initial test is also negative. In such cases, isolation and
multiple testing of multiple samples should be performed.
The confirmed case is based on the epidemiological history,
clinical manifestations (temperature and respiratory symp-
toms), radiological images of the lungs, and the result of the
reverse transcription polymerase chain reaction (RT-PCR)

test (5).

Clinical established practice for laboratory diagnosis and
monitoring of the course of COVID-19 includes some of
the basic laboratory analyses: Leukocytes and their differ-
entiation, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), laboratory indicators of coagulation, and
other inflammatory parameters and their indices (6,7).
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Therefore, the purpose of this study is to investigate labora-
tory parameters in patients with symptoms of COVID-19
infection who have both positive and negative test results.

METHODS

This retrospective, descriptive study included patients
admitted the Health Center the
Konjic General Hospital over a period of 7 months
(April 1*—October 31%, 2020). The study was con-
ducted with the consent of the Ethical Committee of the
Konjic Health Center (No. 14-347/2023) and the Ethics
Committee of Konjic General Hospital (No. 01-04-
93/2023). When conducting the study, we followed the
instructions and guidelines of the Declaration of Helsinki
and good laboratory practice.

to Konjic and

The respondents were patients who came to the health cen-
ter and hospital due to symptoms of the COVID-19 disease
and who were COVID-19 tested. The research included
202 patients, of which 101 subjects positive for COVID-19
made up the study group, and 101 subjects admitted to the
Konjic Health Center and the Konjic General Hospital with
symptoms (fever, cough, headache, shortness of breath, and
fatigue), but in whom SARS-CoV-2 was not identified by
the RT-PCR test.

Data on absolute values of differential blood count and
D-dimer values were collected. Using blood count data,
neutrophil to lymphocyte ratios (NLR) — neutrophils/lym-
phocytes, platelet to lymphocyte ratios (PLR) — platelets/
lymphocytes, and systemic immune-inflammatory index
(SI) - (neutrophils x thrombocytes)/lymphocytes were
calculated.

For the purpose of this study, the results of the examined
patients, obtained by processing their venous blood, were
used in the Department for Laboratory Diagnostic of the
Konjic General Hospital and the Konjic Health Center.
Blood samples for performing laboratory tests were taken
by venipuncture of the cubital vein in vacutainer tubes
with appropriate anticoagulants upon admission of the
patients. To determine the differential blood count — from
the parameters of which the inflammatory indices are cal-
culated, the blood was collected in a test tube containing
EDTA anticoagulant. For the determination of D-dimer,
citrate plasma is used, which is obtained by centrifuging a
sample of venous blood taken in a test tube with Na-citrate,
as an anticoagulant. Differential blood counts were per-
formed on a hematology analyzer D-Cell 60, Diagon Ltd.,
and MISPA-i2, Agappe Diagnostics, were used to deter-

mine D-dimer.

Criteria for inclusion in the study: Patients hospitalized in
the Konjic General Hospital, patients with complete labora-
tory tests and medical documentation, patients with proven
COVID-19 disease, PCR test, and patients with symptoms
but without identified SARS-CoV-2 virus. Patients with
treated and controlled hypertension and hyperlipidemia
were also included. Exclusion criteria: patients who were
not hospitalized in the General Hospital of Konjic, patients
with incomplete laboratory tests and incomplete medical
documentation, patients with diabetes, pregnant women,
and patients younger than 18 years.
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After data collection, statistical data processing was done
using the statistical program IBM SPSS Statistics 23.0.
Microsoft Word and Excel programs were used for data
preparation and presentation. Descriptive statistics was
used to calculate the mean, standard deviation, and per-
centages. The Chi-squared test was used to examine dif-
ferences between genders and age groups and differences
between the selection of patients based on the results of
laboratory results. The student t-test was used to examine
statistically significant differences in the examined hema-
tological and coagulation parameters. Numerous correla-
tions between the examined parameters were proven using
the Pearson correlation coeflicient. p < 0.05 is considered
significant.

RESULTS

Descriptive data are presented in Table 1 for patients with
regard to gender and COVID-19 test. In our sample, there
was an equal number of patients who were COVID-19-
positive patients (CPP) (n = 101) or COVID-19-negative
patients (CNP) (n = 101) on the COVID-19 test, where
64 (60.4%) men and 37 (38.5%) women were positive for
COVID-19, whereas 42 (39.6%) men and 59 (61.5%)
women tested negative for the COVID-19 test. The %2
test shows that in our sample there was a significant dif-
ference in the results of the COVID-19 test with regard
to gender (x? = 9.608, p = 0.002). Of the 60 patients who
were younger than 60 years, 17 (28.3%) were positive on
the COVID-19 test, and 43 (71.7%) were negative on the
COVID-19 test. Out of 75 patients who were 6070 years
old, 42 (56.0%) were positive on the COVID-19 test, and
33 (44.0%) were negative on the COVID-19 test, out of
67 respondents who were older than 70 years, 42 (62.7%)
were positive on the COVID-19 test, and 25 (37.3%) were
negative on the COVID-19 test. The ¥2-test shows that
there was a significant difference with regard to age catego-

ries and the COVID-19 test (x* = 16.660, p < 0.01).

The t-test showed a significant difference in the number of
lymphocytes between subjects with regard to the COVID-
19 test (p < 0.001), that is, patients from the control
group (patients in whom the SARS-CoV-2 virus was not
detected) showed a slightly higher value of lymphocytes,
and less variability of the results. The CPP group had higher
D-dimer values, with greater variability of results compared
to the control group, and there was a significant difference
in D-dimer values between patients with regard to the
COVID-19 test (p < 0.001). A significant difference in the
values of neutrophils and platelets was not observed when
comparing these two groups.

We found that a higher percentage (33.67%) of CPP had
elevated neutrophil values, while at the same time, a higher
percentage (77.82%) of respondents from the control
group had neutrophil values within the reference values,
significantly (p = 0.019), as shown in Table 2. A much
higher percentage, even 98 (97.03%) of CNP had neutro-
phil values within the reference interval. About 25.73% of
CPP group had lymphocyte values below the reference val-
ues, significantly (p < 0.001). We have shown that a much
higher percentage (85.15%) of CPP have D-dimer values
above the reference values, while at the same time, a higher
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TABLE 1. Differences in sex, age, and laboratory analyzes in COVID-19 patients

Variables COVID-19 positive (%) COVID-19 negative (%) Test value p-value
Male 64 (60.4) 42 (39.6) 9.608 0.002
Female 37(38.5) 59 (61.5)
<60 years 17 (28.3) 43 (71.1) 16.660 <0.001
60-70 years 42 (56) 33 (44)
>70 years 42 (62.7) 25(37.3)
Neutrophils (2,06-6,5*10°L) 6.29+4.820 5.42+2.656 1.587 0.114
Lymphocytes (1,2-3,4*10%L) 1.24+0.981 1.86+0.713 -5.143 <0.001
Platelets (150-400*109/L) 240.50+104.659 242.69+109.002 -0.146 0.884
D-dimer (0-5 pg/mL) 2.29+1.73 1.05+1.23 5.857 <0.001
TABLE 2. Differences in the values of laboratory parameters according to reference intervals
Parameter (reference range) Reference interval COVID-19 positive COVID-19 negative x2 p-value
Neutrophil count (2,06-6,5*10°/L) Under 6 2 7.944 0.019
In 61 79
Above 34 20
Lymphocyte count (1,2-3,4*10%L) Under 26 3 22.590 <0.001
In 74 98
Above 1 0
Platelets count (150-400*10°/L) Under 18 1" 1.987 0.370
In 79 86
Above 4 4
D-dimer (0-5 pg/mL) Under 0 0 23.830 <0.001
In 15 47
Above 86 54

percentage (46.53%) of the CNP group have D-dimer val-
ues below the limit, significantly (p < 0.001).

All three inflammatory indices (NLR, PLR, and SII) were
significantly higher in the CPP group, p < 0.001, respec-
tively, as shown in Table 3.

According to the Pearson correlation test, Tables 4 and 5
show correlations for COVID-19 patients with positive
and negative tests.

DISCUSSION

It is already known that a small number of patients with
characteristic symptoms of the COVID-19 disease may have
a negative test result. Some of the proven reasons for the neg-
ative results of patients with symptoms of the COVID-19
disease are inadequate collection and/or transport of samples,
as well as low viral load during molecular testing. Therefore,
it is necessary to test the patients again, and undil then, treat
them according to their other characteristics (e.g., patient
history and radiological diagnosis) (8,9).

The aim of many studies was to examine the course and
outcome of COVID-19 infection in patients with a neg-
ative SARS-CoV-2 test, as well as to examine the associa-
tion of laboratory parameters with the test result (10,11).
Therefore, through our study, we have shown the connec-
tion between these two groups of patients (CPP and CNP)
and their laboratory analysis results.

To begin with, in our sample, the number of men was sig-
nificantly higher than the number of women, which follows
the already proven increased risk of COVID-19 infection
and more severe clinical symptoms in men. Furthermore,
in the group of CPP, there were more male patients. That
men are much more vulnerable to COVID-19 than women
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was also proven in a study of Bwire GM. The immunity
of women and men differs physiologically in many ways,
which is a determinant of the ability to overcome patho-
gens. In general, men are more vulnerable in terms of
infections. There are numerous determinants that are the
reason for this, and some of them are the lower amount
of angiotensin-converting enzyme 2 in women, the worse
lifestyles of men, and men’s failure to take serious preven-
tive measures compared to women. Accordingly, statistics
conducted in the Spanish and Italian populations showed a
higher mortality rate for men (12).

Comparing the two examined groups of patients, CNP had
a significantly higher value of lymphocytes, but the val-
ues of lymphocytes were in the reference interval for most
patients. However, a smaller number of patients were char-
acterized by lymphopenia, which is a clinical feature of the

COVID-19 disease (13).

Another parameter that was significantly lower in the CNP
group was D-dimer, which was elevated in 193 patients in
this study. It should be noted that patient data were col-
lected after the first symptoms appeared in the first few
days. Therefore, our results are expected and follow the
results of the Lehmann et al. study, which showed that the
peak concentration of D-dimer is 3 days after the onset of
the first symptoms of the disease (14).

If we consider only the value of neutrophils with regard to the
COVID-19 test, the Student’s t-test proved that there were
no significant differences in the neutrophil values between
the patients with regard to the COVID-19 test, although it
was shown that CPP had higher values of neutrophils, with
greater variability of results compared to CNP group. Most
likely, the obtained results speak in favor of the fact that the
control group can also be observed with subjects suffering
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TABLE 3. Differences in inflammatory index values between COVID-19 patients
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Parameters COVID-19 positive COVID-19 negative t-test value p-value
NLR 6.14+3.629 3.3942.351 6.407 <0.001
PLR 240.2+134.82 149.54£92.76 5.570 <0.001
Sli 149.38+129.289 78.95+60.212 4,962 <0.001
TABLE 4. Correlations of inflammatory parameters among COVID-19-positive patients
Variables Neutrophils Lymphocytes Platelets D-dimer NLR PLR Sli
Neutrophils 1 0.232* 0.477* 0.250* 0.536* -0.026 0.946*
Lymphocytes 1 0.369** -0.109 -0.385* -0.446** 0.256**
Platelets 1 0.119 0.044 0.257* 0.609**
D-dimer 1 0.305** 0.082 0.124
NLR 1 0.552** 0.402*
PLR 1 0.044
Sli 1
TABLE 5. Correlations of inflammatory parameters among COVID-19 negative patients
Variables Neutrophils Lymphocytes Platelets D-dimer NLR PLR Sl
Neutrophils 1 0.91 0.040 0.353* 0.667* -0.084 0.686**
Lymphocytes 1 0.236* -0.080 -0.540* -0.552** 0.241*
Platelets 1 0.001 -0.126 0.522* 0.703*
D-dimer 1 0.389* 0.068 0.207*
NLR 1 0.387* 0.319*
PLR 1 0.264**
Sli 1

from COVID-19, although the presence of the virus was
not detected by the PCR test, which would be especially

significant for hospital settings when triaging patients.

Twenty-nine patients had thrombocytopenia, which is not
uncommon for the COVID-19 disease, with a slightly higher
number of patients with thrombocytopenia in CPP (15).

NLE PLR, and SII are some of the most studied inflamma-
tory indices. Their calculation in many studies has proven
their predictive value to assess the clinical picture and
predict the outcome of various diseases. Basically, index cal-
culations are sensitive and specific parameters of inflamma-
tory conditions — neutrophils, lymphocytes, platelets, and
others, therefore, their calculation is proven to be signifi-
cant for monitoring patients (16). Elevated values of these
three indices are associated with deterioration of the clinical
picture and worse outcomes in COVID-19 patients (17).
We notice that all inflammatory indices are significantly
higher in CPP, which may indicate that these patients had
a stronger immune response to inflammation and higher
values of laboratory parameters (18). Moreover, our results
showed that the choice of these indices is a good and signif-
icant tool for triaging patients with symptoms of COVID-
19 infection, independent of the COVID-19 test.

The correlation test showed a number of positive and nega-
tive significant correlations between the parameters of two
groups of patients — CPP and CNP. However, we empha-
size that in CPD, the highest correlation was observed in
the absolute value of neutrophils with SII, and in CND, the
highest correlation was observed in the correlation of plate-
lets with SII. We thereby show that the ratio of neutrophils
to SII is very significant in CPP and the ratio of platelets to
SII in CNP. The above results can be very useful for doctors
and clinicians who participate in the triage of patients and
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for implementing diagnostic protocols for the treatment of
patients with symptoms of COVID-19 infection, but with
a negative test for the same.

Finally, we believe that the results of our study follow other
conducted studies on this topic. Namely, the study by Saad
Menezes et al., showed that the CNP group has a better
prognosis for the disease (19). Therefore, according to the
mean values of the tested parameters in our study, CNP had
a larger number of lymphocytes and platelets. Moreover,
in several studies that have already been conducted, it has
been shown that a lower number of lymphocytes and plate-
lets are associated with a worse prognosis and outcome of

COVID-19 (20,21).

Limitations

Our study has several strengths and weaknesses. Namely, the
conducted study gave useful and significant results for the
not so researched aspect of COVID-19 patients. Our study
was conducted in two health institutions, which gives it a
special dimension. The main disadvantages are the relatively
small number of patients and the small number of included
inflammatory parameters. In the coming period, the results
of our conducted study direct us to continue research and
include more inflammatory parameters (e.g.: ESR, CRP,
IL-6, procalcitonin, and others), indices, and examine the
influence of primary comorbidity. With the aforementioned
settings, we came up with the idea to monitor the prognosis
and outcome of the COVID-19 disease, which would build

on this study as a base for all subsequent research.

CONCLUSION

Our study showed that the triage of patients with symp-
toms of COVID-19 disease can be done based on basic
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laboratory parameters, in addition to molecular diag-
nostics as the gold standard. CNP with characteristic
symptoms of COVID-19 infection had higher values
of lymphocytes and the determination of platelets and
SII in these patients can be added to the diagnostic
algorithm.
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