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ABSTRACT

الأهداف: تقييم قيمة الـ NLR كأداة تشخيصية وتنبؤية في سياق كوفيد19- في 
المملكة العربية السعودية.

االمنهجية: دراسة الحالات والشواهد متعددة المراكز حيث تم تسجيل 701 مريضًا 
مؤكدًا ب كوفيد-19 )من بينهم 41 تم قبولهم في وحدة العناية المركزة( و250 
تم  الذين  المرضى  على  تراجعيًا  أكتوبر  في شهر  الدراسة  هذه  شخصًا ضابطاً. تمت 
)الرياض( مستشفى  الجامعي  عبدالعزيز  بن  عبدالله  الملك  إلى مستشفى  إدخالهم 
أحد )المدينة المنورة( ومركز نجود الطبي )المدينة المنورة(. تم حساب NLR على 
أساس العدد المطلق لعدد العدلات وعدد الخلايا الليمفاوية. تم الحصول على الموافقة 

الأخلاقية المؤسسية قبل الدراسة.

أصغر  كانوا  إناث،  منهم   54.8% عام(،   35 العمر  )متوسط  المرضى  النتائج: 
أعلى   NLR المرضى  لدى  48 سنة(. كان  العمر  الضابطة )متوسط  المجموعة  من 
العناية  وحدة  في  قبولهم  تم  الذين  المرضى  الضابطة.كان  بالمجموعة  مقارنة  بكثير 
 NLR المركزة لديهم عددًا أعلى بكثير من الصفائح الدموية وعدد العدلات. كان
لمرضى وحدة العناية المركزة ضعف ما يقرب من المرضى غير المكثف. تم العثور على 
إيجابية  تنبؤية  5.5 ذات خصوصية عالية )%96.4( وقيمة  البالغة   NLR قيمة 
الأداة  لدى  كانت  ذلك،  على  علاوة  كوفيد-19.  تشخيص  في   )91.4%(
حساسية جيدة جدًا )%86.4( في التنبؤ بأشكال المرض الشديدة، أي الدخول 

إلى وحدة العناية المركزة.

هذه  تؤكد  لكوفيد-19.  السريرية  الحالة  تحديد  في  مهمة  أداة   NLR الخلاصة: 
الدراسة أيضًا أن NLR هو عامل تنبؤي مستقل للعدوى الشديدة، ويجب مراقبة 

هؤلاء المرضى الذين يعانون من NLR وإدارتهم عن كثب.

Objectives: To assess the neutrophil-to-lymphocyte ratio 
(NLR) diagnostic and prognostic value in the context of 
Coronavirus disease-2019 (COVID-19) infection in 
Saudi Arabia.

Methods: A case-control study in which 701 confirmed 
COVID-19 patients (of which 41 were intensive care unit 
[ICU]-admitted) and 250 control subjects were enrolled. 
The study was conducted retrospectively in October 
on patients admitted to 3 separate hospitals in Saudi 
Arabia namely: King Abdullah Bin Abdulaziz University 
Hospital (Riyadh), Ohud Hospital (Madinah), and 
Nojood Medical Center (Madinah) between May 
and September 2020. Neutrophil-to-lymphocyte 
ratio was calculated based on absolute neutrophil and
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lymphocyte count. Institutional ethical approval was 
obtained prior to the study.

Results: Patients (median age 35 years), of which 54.8% 
were females, were younger than the control cohort 
(median age 48 years). Patients had significantly higher 
NLR compared to the control group. Intensive care unit 
admitted patients had significantly higher platelet, WBC 
and neutrophil counts. The ICU patients’ NLR was 
almost twice as of the non-intensive patients. The NLR 
value of 5.5 was found to be of high specificity (96.4%) 
and positive predictive value (91.4%) in diagnosing 
COVID-19. Furthermore, it had a very good sensitivity 
(86.4%) in predicting severe forms of disease, such as, 
ICU admission. 

Conclusion: Neutrophil-to-lymphocyte ratio  is an 
important tool in determining the COVID-19 clinical 
status. This study further confirms the prognostic 
value of NLR in detecting severe infection, and those 
patients with high NLR should be closely monitored and 
managed. 
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The novel coronavirus disease-2019 (COVID-19) 
global pandemic has resulted in efforts of researchers 

and governments being devoted to understanding this 
novel infection and how to prevent its spread. Gaining 
insights on the infection and understanding its effect 
on the body and the immune system will allow for 
the development of precise diagnostic assays for 
COVID-19. 

Although it was first described as a respiratory 
disease; however, up to 20% of COVID-19 patients 
experience severe infection with severe extra-pulmonary 
manifestations including coagulopathy and septic 
shock.1 These manifestations are often unexpected, 
rapid, and fatal if not managed urgently in an intensive 
care unit (ICU).2 Additionally, COVID-19 patients  had 
significantly high levels of pro-inflammatory cytokines, 
secondary to excessive immune response, and is often 
referred to as a “cytokine storm”.3,4 Such findings further 
support the systematic nature of the infection and hence 
developing diagnostic and prognostic tools should not 
focus solely on the respiratory system. These developed 
diagnostic tools varied in their detecting mechanism. 
Several diagnostic assays have been developed which are 
based on detecting anti-COVID-19 immunoglobulin, 
as well as assays that detect viral particles, such 
as, quantitative and real-time polymerase chain 
reaction (PCR). So far, the PCR methods remain the 
most reliable and accepted method of diagnosis for 
COVID-19 infection.5 

Several independent risk factors have been 
determined to yield poorer outcomes when present 
among patients with COVID-19, including older 
ages, obesity and the presence of comorbidities, such as 
diabetes mellitus.6 It has been suggested that neutrophil-
to-lymphocyte ratio (NLR) carries a prognostic value in 
a variety of conditions including, but not limited to, 
acute respiratory distress syndrome, solid tumors and 
sepsis.7-9 Additionally, studies have suggested that NLR 
is an independent prognostic indicator for the severity 
of COVID-19 infection.10 However, the importance 
of NLR, in regard to the COVID-19 infection, as a 
diagnostic, such as, to differentiate from those who 
are not infected, and prognostic tool remains to be 
determined in Saudi Arabia.

This study aims to assess the value of NLR as a 
diagnostic tool, in a cohort of patients with COVID-19 
in Saudi Arabia, and its usefulness in predicting poorer 
outcomes.

Methods. Nine hundred fifty-one participants 
were included in this study from 3 separate hospitals 
in Saudi Arabia namely: King Abdullah Bin Abdulaziz 
University Hospital (Riyadh), Ohud Hospital 
(Madinah) and Nojood Medical Center (Madinah). 
There were 701 patients admitted for a suspected 
COVID-19 infection, and diagnosis was confirmed by 
quantitative PCR (qPCR) on collected nasopharyngeal 
swab.  The inclusion criteria for this study are in line 
with the Saudi Ministry of Health criteria for hospital 
admission of COVID-19 patients v1.1,11 which are as 
follows: confirmed cases by qPCR, symptomatic, low 
oxygen saturation <94% on room air and clinical or 
radiological evidence of pneumonia. Patients with other 
criteria indicating admission such as the use of biological 
immunosuppressants, active malignancy or history of 
organ transplant were excluded from this study. Out 
of these 701 patients, 41 patients were admitted to 
the ICU. Intensive care unit admission criteria were as 
follows:  a temperature of 38.5°C accompanied with a 
decrease in mean arterial pressure below 60 mmHg or 
shortness of breath that is New York Heart Association 
(NYHA) class III or higher which is characterized as 
“marked limitation in activity due to symptoms, even 
during less-than-ordinary activity, example: walking 
short distances (20-100 m). Comfortable only at rest.”12

The remaining 250 subjects served as COVID-19-
free control subjects who were admitted for an elective 
surgical procedure and tested negative for COVID-19 
using qPCR diagnostic test. 

A multicenter case-control cross-sectional study 
in which patients’ clinical data were anonymously 
collected. This study was conducted in October 
retrospectively on patients admitted between May and 
September 2020. Collected data included patients’ 
gender, age and complete blood count results with 
white blood cell (WBC) differentials. No personal or 
identification information were collected in this study. 
This study was conducted after obtaining the ethical 
approval no. 005-1442 from the Taibah University 
College of Medicine Research Ethics Committee, 
Madinah, Saudi Arabia

Statistical analysis. Shaprio-Wilk test was used 
to analyze the data distribution of the participants, 
demonstrating a nonparametric distribution. The NLR 
calculation was based on their absolute count and 
compared between controls and COVID-19 patients. 

Disclosure. Authors have no conflict of interests, and 
this research was funded by the Deanship of Scientific 
Research, Princess Nourah bint Abdulrahman University, 
Riyadh, Kingdom of Saudi Arabia through the Fast-track 
Research Funding Program. 
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Nonparametric methods were used throughout the 
study such as Mann-Whitney u-test to compare 
variables between the cohorts. The values of NLR use, 
such as the sensitivity as a COVID-19 indicator were 
calculated according to the median patients’ NLR 
values. Statistical significance were set at a p-value of 
<0.05. The statistical analysis was carried out using 
GraphPad Prism 9 (GraphPad Software, California, 
United States).

Results. Nine hundred fifty-one participants were 
included in this study; 701 of which are confirmed 
COVID-19 cases. There were 384 (54.8%) female 
patients and 317 (45.2%) male patients, whereas the 
control cohort included 112 female participants (44.8%) 
and 138 male participants (55.2%). The median 
patients’ age was 35 years old (95% CI: 34.87-37.58) 
which was significantly younger than the control cohort 
(48 years old, 95% CI: 44.58-48.13). The summary of 
the participants’ characteristics are presented in Table 1.

Our cohort of patients had a median red blood cells 
(RBC) count of 4.75 x 106/L which was significantly 
lower compared to the control group (p<0.0001). 
Although the median hematological values of the 
COVID-19 patients did not suggest an anemic 

profile, patients had significantly lower hemoglobin 
levels, mean corpuscular volume (MCV) and mean 
corpuscular hemoglobin (MCH) compared to the 
control cohort (p<0.0001). Furthermore, COVID-19 
patients had significantly lower platelet count compared 
to the control group (231.5 versus [vs] 309.5 x 103/µl; 
p<0.0001).

Upon examining the differential (WBC) profile, 
many differences were observed between the 
COVID-19 cohort and the control group. Patients 
with COVID-19, in comparison to the control group, 
had significantly lower WBC indices, including total 
WBC count (5.5 vs 7.2 x 103/µl), neutrophil count 
(3.48 vs 4.4 x 103/µl), lymphocyte count (0.9 vs 2.1 
x 103/µl) and monocyte count (0.33 vs 0.6). All these 
differences were statistically significant (p<0.0001). 
However, COVID-19 patients had significantly higher 
neutrophil percentages compared to the control cohort 
(66.8 vs 58%; p<0.0001). Despite the lower WBC 
indices in COVID-19 patients, the calculated NLR was 
significantly higher compared to the control group (2.9 
vs 2.18; p<0.0001) as shown in Figure 1. 

To examine whether the NLR correlated with 
any of the patients’ biological variables, multiple 
linear regression analysis was performed. Expectedly, 

Table 1 - Clinical characteristics and laboratory results of the control and Covid-19 cohorts.

Characteristics Controls (n=250)
median (95% CI)

COVID-19 cases (n=701)
median (95% CI) P-value

Gender, n (%)
     Male 138 (55.2) 317 (45.2)

0.0079*
     Female 112 (44.8) 384 (54.8)
Age (years) 48 (44.58-48.13) 35 (35.09-37.77) <0.0001*
Red blood cell x106/L 5.08 (5.02-5.11) 4.75 (4.65-4.78) <0.0001*
Hemoglobin g/dL 14 (13.6-14.06) 13.2 (11.79-12.52) <0.0001*
Mean corpuscular volume fL 90.35 (88.74-90.8) 86.35 (84.98-86.33) <0.0001*
Mean corpuscular hemoglobin pg 29.55 (29.28-29.69) 28.7 (27.96-28.49) <0.0001*
Mean corpuscular hemoglobin concentration 
g/dL 33 (32.91-33.14) 33 (32.51-33.02) 0.63

Platelet count x103/µl 309.5 (297.5-320.7) 231.5 (242.2-260.8) <0.0001*
White blood cell count x103/µl 7.2 (6.92-7.37) 5.5 (6.12-6.83) <0.0001*
Neutrophil count x103/µl 4.4 (4.28-4.64) 3.48 (4.09-4.75) <0.0001*
Neutrophil percentage 58 (56.03-58.6) 66.8 (63.35-66.47) <0.0001*
Lymphocyte count x103/µl 2.1 (1.95-2.1) 0.9 (0.9-1.31) <0.0001*
Lymphocyte percentage 30.45 (29.8-31.31) 22.6 (22.88-25.61) <0.0001*
Monocyte count x103/µl 0.6 (0.61-0.69) 0.33 (0.33-0.61) <0.0001*
Neutrophil-to-lymphocyte ratio 2.18 (2.3-2.6) 2.9 (4.24-5.31) <0.0001*

The table demonstrates the clinical characteristics and the complete blood results of both the control and patients’ cohorts. 
Laboratory results are stated as median values with 95% confidence intervals between brackets, unless stated otherwise.  *Statistical 

significance. CI: confidence intervals
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neutrophil and lymphocytic count significantly 
correlated with NLR (p<0.0001). However, none of 
the patients’ age, RBC indices nor the platelet count 
correlated significantly with the NLR, suggesting that 
NLR is an independent indicator of disease activity.

 From the total patients’ cohort, 41 of them were 
admitted to the ICU. The summary of the ICU patients’ 
characteristics is presented in Table 2. 

Out of these ICU patients, 22 patients were male 
(53.7%) while the remaining 46.3% were female. Their 
median age was 45 years old (95% CI 36.51-52.47), 
which was significantly higher than the non-intensive 
ICU patients (45 vs 35 years old; p=0.0062). Kruskal 
Wallis analysis of the multiple variables of ICU patients 
compared to the non-intensive COVID-19 patients and 
the control group yielded many observed differences. 
Statistically significant differences were observed in the 
RBC indices as well as the platelet count (p<0.0001). 
In fact, the median platelet count of ICU patients was 
significantly higher compared to non-intensive patients 
(249 vs 230 x103/µl; p<0.05). However, both patient 
cohorts, non-intensive and ICU, had significantly lower 
platelet count compared to the control cohort (230 and 
249 vs 309.5 x103/µl; p<0.0001). 

Table 2 - 	Clinical characteristics and laboratory results of the control and both patients’ cohorts (non-intensive and intensive care unit [ICU]-admitted) 
Covid-19 patients.

Characteristics Controls
(n=250)

Non-intensive 
COVID-19 cases

(n=660)

ICU-admitted 
COVID-19 patients

(n=41)

P-value
(Kruskal Wallis)

P-value (between 
non-intensive 

and ICU)

Gender,  n (%)
   Male 138 (55.2) 295 (44.7) 22 (53.66)

0.013* 0.12
   Female 112 (44.8) 365 (55.3) 19 (46.34)
Age,  years 48 (44.58-48.13) 35 (34.6-37.26) 45 (36.51-52.47) <0.0001* 0.0062*
Red blood cell count x106/L 5.08 (5.02-5.11) 4.72 (4.63-4.76) 4.6 (4.27-4.8) <0.0001* 0.37
Hemoglobin: g/dL 14 (13.65-14.06) 13.6 (13.01-14.25) 13.2 (12.09-13.35) 0.0012* 0.067
Mean corpuscular fL 90.35 (88.74-90.8) 86.4 (84.9-86.34) 86.3 (83.35-88.14) <0.0001* 0.91
Mean corpuscular hemoglobin pg 29.55 (29.28-29.69) 28.8 (27.93-28.51) 28.6 (27.58-28.94) <0.0001* 0.63
Mean corpuscular hemoglobin 
concentration g/dL 33 (32.91-33.14) 33 (32.62-33.06) 32.8 (32.54-33.22) 0.72 0.5
Platelet count x103/µl 309.5 (297.5-320.7) 230 (238.9-258.3) 249 (245.5-309.9) <0.0001* 0.046*
White blood cell count  x103/µl 7.2 (6.92-7.37) 5.37 (5.9-6.58) 6.96 (6.96-10.29) <0.0001* 0.0008*
Neutrophil count x103/µl 4.4 (4.28-4.64) 3.39 (3.92-4.56) 4.6 (4.47-7.57) <0.0001* 0.0043*
Neutrophil percentage 58 (56.03-58.6) 66.1 (62.82-65.98) 76.05 (68.12-78.53) <0.0001* 0.0005*
Lymphocyte count x103/µl 2.1 (1.95-2.1) 1.2 (1.25-1.46) 1 (0.92-1.63) <0.0001* 0.05
Lymphocyte percentage 30.45 (29.8-31.31) 23.05 (23.3-26.13) 14.2 (13.29-21.34) <0.0001* 0.0007*
Monocyte count x103/µl 0.6 (0.61-0.69) 0.32 (0.31-0.62) 0.38 (0.37-0.62) <0.0001* 0.17
Neutrophil-to-lymphocyte ratio 2.18 (2.3-2.6) 2.85 (3.89-4.9) 5.5 (5.87-11.66) <0.0001* 0.0014*

Laboratory results are stated as median values with 95% confidence intervals between brackets, unless stated otherwise.  *Statistical significance

Figure 1 -	Comparisons of neutrophil-to-lymphocyte ratios (NLR) 
between the control and COVID-19 cohorts. The bar charts 
demonstrate the differences of the median NLR between the 
control group (blue) and of the COVID-19 patients (red) 
which is significantly higher in the latter. HC: healthy control, 
****denotes a p<0.0001
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Significant differences were observed in the WBC 
indices between the control and 2 patients’ cohorts. 
There were significant differences in the total WBC,  as 
well as other indices such as, neutrophil and lymphocyte 
counts and percentages and NLR. Compared to 
non-intensive patients, ICU patients had significantly 
higher WBC count (6.96 vs 5.37 x103/µl; p<0.0008), 
higher neutrophil count (4.6 vs 3.39 x103/µl; p<0.0043) 
and lower lymphocyte count, although not significantly 
(1 vs 1.2 x103/µl; p=0.05). Furthermore, ICU patients 
had significantly higher NLR, almost as twice as non-
intensive patients (5.5 vs 2.85; p=0.0014) as shown in 
Figure 2.

To examine whether the NLR correlated with any 
of the ICU patients’ biological variables, multiple 
linear regression analysis was performed. Similar to 
non-intensive patients, lymphocytic count significantly 
correlated with NLR (p<0.0001). Noticeably, a positive 
correlation was observed between NLR and the MCV 
among ICU patients (p<0.05). 

An overall analysis of the total patients’ cohort has 
yielded an NLR value of 5.5 which has been tested. An 

NLR value of 5.5 seemed to be of very low sensitivity 
in detecting cases of  COVID-19, as compared to the 
control group, with sensitivity of 23.65%. However, 
this value yielded a high positive prognostic value at 
91.43% and a very high specificity at 96.4%. In other 
words, a person with an NLR of 5.5 or more is very 
likely to have a COVID-19 infection, whereas a person 
with an NLR of less than 5.5 can be excluded from 
having a COVID-19 infection. Moreover, the NLR 
value of 5.5 seemed to be a useful tool in differentiating 
between ICU and non-intensive COVID-19 patients. 
Using an NLR value of 5.5 to compare between ICU 
and non-intensive COVID-19 patients gave a very 
good sensitivity at 86.36% and specificity of 78.9%. 
Moreover, the yielded negative predictive value was 
92.9%. In other words, confirmed COVID-19 patients 
with an NLR of 5.5 or more, should be observed 
carefully as they are more prone to become ICU 
patients, while those with an NLR less than 5.5 will 
most likely be non-intensive patients. 

Discussion. Since the beginning of the COVID-19 
pandemic, healthcare systems strived to develop 
diagnostic tools, as well as identifying prognostic 
markers as it is currently without a definitive treatment. 
Although it was initially thought to be a respiratory 
infection, increasing evidence have demonstrated its 
systematic manifestation indicating that it is more than 
just a respiratory condition. Provided its systematic 
effect, studies have started to identify prominent 
hematological changes that served as an independent 
indicator for the disease severity. Of these markers, 
NLR was found to be significantly higher in cases of 
COVID-19 infection, and an indicator of severe forms 
of the disease.

The aim of this pilot case-control study in Saudi 
Arabia was to compare the laboratory findings in patients 
with COVID-19 to healthy controls, as well as to assess 
the value of NLR in COVID-19 infection. In this study, 
patients had significantly lower hemoglobin levels and 
platelet count, which are in line with the results shown 
by Sun et al.13 Interestingly, the patients’ cohort were 
significantly younger compared to the control group. 
The median age of patients in this study was 35 years 
old, which was similar to the national cohort previously 
described by Alsofayan et al14 as well as Al-Omari et al.15 
However, the ICU cohort was significantly older than 
the non-intensive patients, confirming the works of Yi 
et al16 and Rosenthal et al17 that age was an independent 
risk factor for COVID-19 infection.

In our study, the NLR values of patients were 
significantly higher in patients compared to control 

Figure 2 -	Comparisons of neutrophil-to-lymphocyte ratios (NLR) 
between the different cohorts. The bar charts demonstrate the 
differences of the median NLR between the different cohorts. 
The chart shows that the control cohort (blue) which has the 
lowest NLR value compared to non-intensive patients (red), 
and the ICU patients (green). ICU patients have the highest 
NLR compared to the other cohorts. HC: healthy control; 
ICU: intensive care unit, **denotes a p<0.01, **** denotes a 
p<0.0001.
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group. Furthermore, it was even higher among ICU 
patients, as compared to both the control and non-
intensive patients. Such findings are in line with the 
previous work of Yufei et al18 and Chan et al19  research 
groups. The value of NLR, being higher in ICU 
patients, serves as an independent indicator of disease 
severity, and could also serves as a prognostic tool for 
predicting poor prognosis upon admission. In this 
study, an NLR of 5.5 demonstrated a very high positive 
predictive value value of ICU admission, at 96.4%. This 
value was higher than the NLR previously described by 
Tatum et al20 at 4.94, in a cohort of 188 COVID-19 
patients in Louisiana, United States. They estimated 
that COVID-19 patients with an NLR of 4.94 at 
significantly higher odds of longer ICU admission and 
in-hospital intubation, as well as a strong prognostic 
factor for increased mortality.20 In fact, similar findings 
from a Chinese study led by Liu et al21 concluded that 
higher NLR values are associated with higher risk for 
in-hospital deaths. Importantly, the value of NLR as 
a prognostic factor of severe COVID-19 infections is 
independent from any other risk factors such as age or 
gender. In our study, the median age of the patients’ 
cohort was 35 years old, as compared to other studies 
in which the median ages of patients were 53, 58.7 and 
62 years. Regardless of the participants’ age, in ours 
or other studies, higher NLR values (≥4) was a risk 
factor for severe COVID-19 infections indicated by 
ICU admission, mechanical ventilation and mortality 
rates.20,22,23

Study limitations. Although every effort was carried 
out to execute this study in a proper manner, this 
study is not without limitation. In order to validate 
the predictive value of NLR, ideally it should be tested 
longitudinally in a prospective study. In other words, 
the NLR should be determined upon admission and 
patients are to be followed up to assess how accurate 
the NLR value in determining the disease outcome. The 
control group (n=250) in this study were patients who 
were admitted for elective surgical procedures. Although 
they tested negative for COVID-19 infection and were 
fit for the scheduled procedure, other infections and 
comorbidities were not ruled out. Ideally, the control 
group should be consisted of healthy volunteers, in 
a number that is close to tested cohort, and should 
not have any infections nor comorbidities that may 
influence the NLR. 

In conclusion, NLR is an important tool in 
determining the status of the COVID-19 infection. 
Although its sole use in COVID-19 diagnosis may not 
be very accurate, its use in conjunction with a proper 
history-taking and physical examination should be 

very useful in ruling out the infection. Furthermore, 
the findings of this study further confirm that NLR is 
an independent prognostic factor of a severe infection, 
and those patients with high NLR should be closely 
monitored and managed. 
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