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Summary

At the end of 2019, several cases of pneumonia provoked by an unknown causative 
agent were identified in China. In March 2020, the World Health Organization announced 
a pandemic of a new strain of Coronavirus - SARS-CoV-2. The neutrophil/lymphocyte 
ratio (NLR) is a biomarker that has recently become an important diagnostic and prog-
nostic indicator in many diseases. The study‘s objective was to look for a relationship 
between NLR and the outcome of Covid-19 infection. Retrospectively, we studied 288 
patients (mean age 69.1 ± 12.5) treated in an intensive pulmonology unit over ten 
months since 01.08.2021. All patients had severe pneumonia caused by SARS-CoV-2 
infection, proven by a polymerase chain reaction (PCR) test. Leukocytes, lymphocytes, 
neutrophils, and NLR were traced. Hundred and seventy-four (60.4%) of the patients 
died, and the rest were discharged with improvement. Concerning NLR, we found values 
of 9.52 in the group of the deceased and 7.87 in those discharged, respectively, at the 
beginning. In the end, this indicator increased in the group of deceased to 15.04, while 
we found a drop to 7.3 in those discharged. A statistically significant difference was 
found regarding the outcome of the disease and the change in the NLR values in dynam-
ics (p = 0.005). NLR is a cheap and reliable biomarker that can predict the outcome of 
Covid-19 infection.
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Introduction

At the end of December 2019, four cases of pneumonia of an unknown cause 
were registered in Wuhan, Hubei Province, China. The disease proceeded with 
high fever, peculiar X-ray changes, and changes in the blood tests with normal 
or low values of leukocytes and often a reduced lymphocyte count. The applied 
antibiotic treatment did not significantly change the disease‘s course or im-
prove symptoms (Li et al. 2020a).

The ratio of neutrophils to lymphocytes (NLR) is a biomarker that has ac-
quired an increasingly important role as a diagnostic and prognostic indicator 
in many diseases: inflammatory, infectious, neoplasms, atherosclerosis, and 
others. It is calculated by dividing the absolute number of neutrophils by the 
absolute number of lymphocytes from a peripheral blood sample.
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Our study aimed to determine the relationship between NLR values and the se-
verity of the disease course and its outcome in patients with COVID-19 pneumonia.

Materials and methods

Our study is retrospective in patients with severe COVID-19 pneumonia, treat-
ed in the intensive care unit of the pneumology and phthisiology clinic of Dr. 
Georgi Stranski University Hospital, Pleven, Bulgaria, from 01/08/2021 to 
31/05/2022.

A total of 288 patients were followed, with a mean age of 69.1 (± 12.5) years, 
of whom 129 (44.7%) were women and 159 (55.3%) were men. All patients had 
proven SARS-CoV-2 infection, confirmed by PCR (+) positive test and severe 
pneumonic process, established radiologically or via CT, manifested acute re-
spiratory with laboratory evidence.

Patients underwent O2-therapy; most were treated with O2 on a high-flow 
(HF) cannula.

Depending on the outcome of the disease, the patients were divided into two 
groups: died and discharged with improvement. There were 174 (60.4%) who 
died, and 114 (39.6%) who were discharged.

Laboratory indicators were monitored: leukocytes, lymphocytes, neutrophils, 
and NLR during the hospital stay and in dynamics.

Results are presented as mean ± SEM. The data were tested by one-way 
ANOVA. A level of P < 0.05 was considered significant. All analyses were per-
formed using Excel and SPSS Version 11.0 statistic software package.

Results

Higher values of neutrophils were found in both groups of patients on admis-
sion to the clinic; in the deceased, they were 7.23. G/L × 109, and those of the 
discharged - 7.05 G/L × 109. During the disease, neutrophil values increased in 
patients with a fatal outcome to 7.6 G/L × 109, in contrast to those discharged, 
in which a decrease of 6.97 G/L × 109 was established.

We found a statistically significant difference between the level of neutro-
phils and the disease outcome (p < 0.0001).

When tracking lymphocytes, a similar dependence was found in both groups, 
but in the opposite direction. In both groups of patients, a low lymphocyte 
count was found on admission, and this decrease was more pronounced in the 
group with an unfavorable disease outcome. In this group, the mean lympho-
cyte count from 0.807 × 109/L on admission decreased to 0.505 × 109/L before 
death. In the discharge group, the mean lymphocyte count was 0.951 × 109/L 
on admission and 0.945 × 109/L before discharge.

Following the NLR, as a biomarker for COVID-19 infection, we found that the 
patients admitted to the intensive care unit had higher values than the norm for 
the indicator in both groups of patients: it was 9.52 in the deceased and 7.87 in 
the patients with improvement. During dynamic follow-up, an increase in NLR 
values was found in the deceased - 15.04, while a decrease was reported in the 
group of discharged patients (average 7.3). A statistically significant difference 
was found in the value of this indicator, correlating with the disease outcome 
(p = 0.005).
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Discussion

Pathogens causing epidemics and pandemics are a major public health chal-
lenge. Coronaviruses are large enveloped RNA viruses that cause infections in 
humans, mammals, and birds and can cause various respiratory, intestinal, liver, 
and neurological diseases. As of the end of 2019, six types of coronaviruses 
are known, four of which - 229E, OC43, NL63, and HKU1 cause symptoms of the 
common cold in immunocompetent individuals (Weiss and Leibowitz 2011). 
The other two strains are severe acute respiratory syndrome (SARS-CoV), which 
caused an outbreak in Guangdong Province, China, in 2002–2003 (Zhong et 
al. 2003); the causative agent of the Middle East respiratory syndrome (MERS-
CoV), which became the cause of severe respiratory diseases in 2012 in the 
countries of the Arabian Peninsula. The latter two strains are zooanthropono-
ses that lead to death in many of those infected (Wormser, Liu et al. 2014).

At the end of December 2019, cases of pneumonia of an unknown cause 
were reported in the city of Wuhan, Hubei Province, China. Within a few days, 
the number of cases increased significantly (Zhu et al. 2020). At the end of 
January 2020, the World Health Organization declared an emergency epidemic 
due to the large number of people infected in many countries with a new type 
of coronavirus, SARS-CoV-2. On 11.03.2020, a pandemic of the new type of 
coronavirus was declared.

In the past three years, passing through several waves, the COVID-19 infec-
tion has affected more than 763,000,000 people and claimed the lives of nearly 
10% of them (COVID - Coronavirus Statistics).

Realizing the seriousness of the problem, at the very beginning of the 
COVID-19 pandemic, many researchers and doctors are looking for not only 
clinical (Chen et al. 2020; Huang et al. 2020) and radiological (Francone et al. 
2020) but also laboratory markers that have a predictive role for the course and 
outcome of the disease, in order to undertake the earliest possible and most 
effective treatment.

Inflammatory markers play an important role in the course of inflammatory 
diseases. The severity and course of inflammatory diseases and many other 
diseases are related to the body’s inflammatory status.

During the last years, NLR has been recognised in clinical practice as a reli-
able, readily accessible, and inexpensive biomarker, providing information on in-
flammatory status (Lee et al. 2018). It reflects the balance between innate (neu-
trophils) and acquired (lymphocytes) immunity (Borisov and Todorieva 2021).

Regarding the question of the normal value of NLR, differences in the ref-
erence limits for these indicators have been found, which are influenced by 
gender, age, and also by race. For example, the NLR reported for blacks and 
Hispanics are 1.76 and 2.08, respectively, and are lower than those in whites of 
2.24 (Azab et al. 2014). A study carried out in South Korea reported NLR values 
of 1.63 for men and 1.66 for women (Lee et al. 2018). China has also reported 
lower NLR rates than the USA (Wu et al. 2019).

For the population of the Southern Chaoshan region in China, the reported 
reference values for NLR were 1.59 ± 0.59 (1.00–2.18) for men and 1.62 ± 0.64 
(0.98–2.26) for women. Differences in reference values are indicated not only 
concerning gender and age but also concerning some regional characteristics 
(Meng et al. 2017).
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In a study conducted in California in healthy patients in 2011–2012, refer-
ence limits of NLR were found between 0.78 and 3.53 (Forget et al. 2017).

The role of NLR in clinical practice is increasing as a marker for cellular im-
mune activation, preceding the clinical manifestation of a wide range of dis-
ease processes such as infections, carcinomas, various inflammatory diseases, 
atherosclerosis, and even psychiatric diseases (Zahorec 2021). In recent years, 
there has been talk of NLR as a diagnostic and prognostic marker in many dis-
ease states - cerebrovascular, cardiovascular, kidney, lung diseases, sepsis, and 
polytraumas (Park et al. 2018; Lattanzi et al. 2019; Lee et al. 2021; Ali et al. 
2022; Moore et al. 2022). Some authors have noted the prognostic nature of 
NLR in oncology regarding the course of the disease and the treatment outcome 
(Bartlett et al. 2019). In acute respiratory syndrome (ARDS), NLR is an extremely 
important factor in predicting the course of the disease (Wang et al. 2018).

In some cases, the COVID-19 infection is severe, with pneumonia and respi-
ratory failure, leading to ARDS and fatal outcomes. The role of biomarkers in 
predicting the course of the disease is important for timely diagnosis and the 
correct therapeutic approach to reduce the number of severe cases and those 
with fatal outcomes.

More and more data are accumulating in the literature about the significance 
of the NLR ratio in COVID-19 infection. Many authors have indicated that in pa-
tients with Covid 19, NLR is reliable as a diagnostic and prognostic marker for 
the course of the infection.

For example, a study conducted in Rome, Italy (2020) found elevated levels 
of NLR in patients positive for COVID-19 infection – 7.83 compared to those 
who tested negative – 2.58. Although high NLR values were found in all cases 
of this infection, the values were significantly higher in severe cases than in 
mild disease (10.06 vs 6.02). Mortality in the first group of patients was 71.9%, 
and in the second – 28.1% (La Torre et al. 2022).

A study in Indonesia conducted in 2020 also reported high NLR rates in mod-
erate and severe COVID-19 cases of pneumonia – 6.54, compared to 2.27, in 
PCR (+) positive patients without pneumonia. The NLR values in deceased and 
recovered patients differed significantly (10.88 vs 6.15) (Fuad et al. 2021).

Values of NLR >5.86 were indicated as alarming for severe COVID-19 infec-
tion, and NLR >9.47 was associated with a high risk of fatal outcomes in a 
report from Ethiopia (Tadesse et al. 2022).

NLR levels above 9.1 and 9.0, respectively, were associated with a high risk 
of fatal outcomes in patients with COVID-19 pneumonia in reports from Roma-
nia (Citu et al. 2022) and Iran (Pirsalehi et al. 2020).

Similar results were reported in a study from Islamabad, Pakistan. NLR >4.79 
and NLR >9.9 were reported as risky for moderately severe and severe course 
of the COVID-19 infection (Toori et al. 2021).

Variable levels of NLR have been reported from different regions in China. In 
a study conducted in Wuhan, China, as early as January 2020, too large a dif-
ference in the NLR values of deceased and discharged patients was indicated. 
Values for NLR >11.75 proved a factor predicting a fatal disease outcome (Yan 
et al. 2020). These values are very close to those reported in many other reports 
but different from those reported in other regions of China (Liu et al. 2020).

In a Sri Lankan study, lower levels of NLR >3.6 were also reported as a risk 
factor for severe disease in patients with COVID-19 infection (Perera et al. 2022).
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An increase in NLR during the hospital stay is an indicator predicting a se-
vere course of the disease or a probable fatal outcome. The decrease in NLR 
values during treatment in patients with moderate-severe and severe forms is 
a good prognostic sign. The chances of a favorable outcome of the disease in 
hospitalized patients with moderately severe and severe forms and rising NLR 
values are small. Those who died with severe COVID-19 pneumonia had an NLR 
>10 (Fuad et al. 2021).

In a report from Catania, Italy, a study of 411 patients with COVID-19 infec-
tion from two independent clinics found high levels of NLR in hospitalized pa-
tients. When following them in dynamics, it is noticeable an increase in the 
value of NLR for all hospitalized patients by about 3 points. In patients with a 
severe form requiring treatment in an intensive care unit and those who died, 
this increase was respectively 7.7 and 8.8, i.e., significantly higher than the gen-
eral population of hospitalized patients (Regolo et al. 2022).

In a report from Doha, Qatar, on 519 patients with COVID-19 infection treated 
in the intensive care unit, an NLR level >6.55 was found to be a risk factor for 
severe disease and probable fatal outcomes (Ali et al. 2022).

Despite the variation in NLR values reported in different reports, high NLR 
values are strongly believed to predict the severity and course of COVID-19 in-
fection (Li et al. 2020b). Values of NLR >5 are alarming for an urgent treatment 
approach. At NLR >7, a severe course of the disease is expected, and NLR >10 
is an indicator of an expected death outcome.

Dynamic monitoring of the indicator is extremely important: many studies 
have shown that its increase over time is a bad prognostic sign. Our obtained 
results are close to those reported worldwide.

Our study is a retrospective study of patients with severe COVID-19 pneu-
monia and respiratory failure treated in an intensive care unit. For this reason, 
patients had high NLR values on admission, similar to those reported for severe 
COVID-19 infections.

At follow-up over time, we found an increase in NLR values in patients who 
died compared to those discharged. Our results agree with results reported by 
reports in Italy, Indonesia, and Qatar and confirm the correlation of this indica-
tor with the severity and prognosis of the disease.

The Covid-19 infection still exists, albeit in a modified form. The COVID-19 pan-
demic is far from resolved, as the Lancet stated in January 2023 (The Lancet 2023).

Conclusion

Early diagnosis, timely measures, and successful disease control are extreme-
ly important. NLR is an inexpensive, easily accessible, and reliable laboratory 
indicator that can be used not only as a diagnostic but also as a prognostic 
criterion for the risk of severe course and fatal outcome of COVID-19 infection.
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