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ABSTRACT
Background: In COVID-19 patients, a correlation was proposed between Neutrophil/Lymphocyte Ratio (NLR), IL-6 
stages, and cytokine storm syndrome. Larger NLR and IL-6 concentrations are associated with faster case development 
and a greater likelihood of complications. However, the progression of the illness is milder in COVID-19 instances with 
anosmia.

Objective: The objective of conducted research is detection predictive roles of IL-6 and Neutrophil/Lymphocyte Ratio 
(NLR) markers in screening Covid-19 sufferers with and without anosmia.  

Material and Methods: The present  investigation was occurred at Salah Al-Din Teaching Hospital in Tikrit, Iraq ‏ for 
period;  January- June of 2022. 90 nasopharyngeal swabs and blood samples were collected from individuals who visit 
to hospital after discovered them by the specialist physician. COVID-19 patients were divided into two groups based 
on the incidence of anosmia. 45 blood samples were harvested from healthy individuals that considered them as a 
control group. Ages of study groups ranged from 8 to 85 years old. Corona virus infection was detected by Polymerase 
Chain Reaction (PCR), NLR by Complete Blood Count (CBC) machine, and IL-6 by Sandwich-ELISA (Enzyme-Linked 
Immmunosorbent Assay) in study groups. Our results were analyzed by SPSS v. 23.0 and Graph pad prism v.6 
statistical software programs. 

Results: Results of current study showed the age period 41-60 years scored highest percentages in all groups;(anosmia, 
without anosmia, and controls) while age period >80 scored lowest  percentages in all groups  with significant differences 
(p<0.5). Based on gender, males scored highest percentages in all groups than females with non-significant differences 
(p>0.05). Interleukin -6 (IL-6) scored significant (p<0.05) highest mean levels in patients without anosmia, followed by 
patients with anosmia, and then controls. On other hand, present investigation showed NLR scored statistical (p<0.05) 
highest mean levels in patients with anosmia, followed by patients without anosmia, and then controls. Receiver 
Operator Characteristic (ROC) curve results showed the IL-6 and NLR indicators scored statistically (p<0.05) highest 
sensitivity (91% and 84%) and specificity (100% and 81%) at cut off values (>38.5 and >1.87) in diagnosis patients 
without anosmia. In similarity, ROC curve results showed the IL-6 and NLR indicators scored significant (p<0.05) 
highest sensitivity (91% and 90%) and specificity (71% and 89%) at cut off values (>34.63 and >1.99) in detection 
patients with anosmia. Finally, pearson correlation coefficient results showed there is positive significant correlation (r= 
0.769**   and P<0.01**) between IL-6 and NLR markers in Covid-19 patients. 

Conclusions: Anosmia is positive correlate with age progression in Covid-19 patients. Levels of IL-6 and NLR markers 
are strong association with anosmia in patients. These markers can inserted within laboratory profile in diagnosis 
Covid-19 patients (with and without anosmia) due it have high sensitivity and specificity. Finally, there is positive 
correlation between IL-6 and NLR. 
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) first surfaced 
in Wuhan, China, in December of that year. It quickly 
spread over the entire globe and turned into a pandemic1. 
After then, an additional 6.8 million COVID-19 fatalities 
and over 759 million confirmed infections were recorded2. 
The respiratory tract, which includes are coughing, 
coryza, throat pain, breathing difficulties and hypoxemia, 
in addition to the overall inflammatory reaction, which 
includes fever and chills, discomfort, and exhaustion, 
are the signs and symptoms that are most common of 
COVID-193.

According to Abdulhady et al. (2023), the neurotropic 
features of SARS-CoV-2 (Severe Acute Respiratory 
Syndrome Coronavirus 2) can lead to neurological 
disorders such seizures, altered consciousness, and viral 
encephalitis. Anosmia and dysgeusia, the abrupt loss of 
senses of taste and smell, are among the neurological 
symptoms associated with SARS-CoV-24. A research 
by5 on 347 COVID-19 patients found that 64.4% of the 
patients had impaired sense of smell. Women (72.4%) 
experienced smell disturbance more frequently than men 
(55.7%). According to5, the start of olfactory indications 
may occur concurrently with, prior to, or following the 
emergence of other illness manifestations.

According to6, age-related Olfactory Dysfunction 
(OD), neurological disorders, and nasal infections and 
inflammatory conditions may all be caused by destruction 
to the nose epithelium and the response of inflammatory 
cells. Subjects with COVID-19-related Olfactory 
Dysfunction (OD) were additionally found to exhibit 
changes in localized immunity in the olfactory area7. 
Nevertheless, the precise pathophysiological process 
responsible for COVID-19-induced Olfactory Dysfunction 
(OD) remains unclear.

According to8, inflammation that is brought on by the 
body’s immune system is crucial to the spread of virus.  
The neutrophil, leukocyte, and Neutrophil/Lymphocyte 
Ratio (NLR) rise in severe instances of immune system 
activation9. The relationship between these factors and 
the onset of neurological illness has not been well studied. 
In COVID-19 patients with neurological symptoms, 
found10 substantially higher total neutrophil numbers and 
significantly fewer lymphocyte levels.  An elevated NLR 
was linked to COVID-19-related discomfort in a different 
research11.  

In COVID-19, several investigations have revealed a 
similar tendency. A high NLR corresponds with intensity 
and advancement risk, according to 3 small Chinese 
studies conducted at the beginning of the pandemic12. 
This conclusion was supported by further research, 
which also revealed that the highest NLR is connected 
with ventilation that is mechanical and that an increasing 
trend is correlated with mortality13. NLR correctly assesses 
COVID-19 severity, according to a sizable meta-analysis 
involving 30 trials and 5570 individuals14.

Interleukin-6, or IL-6, is a significant the Proinflammatory 
cytokine that is altered in bodily fluids over the course 
of several illnesses’ establishment and incidence15. 
According to16, IL-6 is thought to be one of the elements 
causing the cytokine storm among individuals with severe 
COVID-19. This might worsen the illness and raise the risk 
of consequences. As a result, it is often believed that the 
serum IL-6 level is a poor predictive indicator for COVID-19. 
The link between concentrations of IL-6 and Olfactory 
Disorder (OD) in individuals with COVID-19 wasn’t 
consistently observed, despite evidence suggesting that 
IL-6 levels may have a role in the emergence of long-term 
Olfactory Disorder (OD)17.

The objective of conducted research is detection 
predictive roles of IL-6 and Neutrophil/Lymphocyte Ratio 
(NLR) markers in screening Covid-19 sufferers with and 
without anosmia. 

MATERIALS & METHODS

Samples collection: The present  investigation was 
occurred at Salah Al-Din Teaching Hospital in Tikrit, Iraq 
 for period;  January- June of 2022, after obtaining the ‏
approval of the Ethics Committee from the Salah al-Din 
Health Directorate according to the administrative order 
No. (185/63/7) on 15/12/2021. 90 nasopharyngeal swabs 
(for diagnosis COVID-19 infection were approved by 
Polymerase Chain Reaction (PCR)) and blood samples 
were collected from individuals (EDTA and gel tube for 
detection NLR and IL-6 respectively)  who visit  to  Salah 
Al-Din Teaching Hospital  after discovered them by the 
specialist  physician. 

The criteria of the World Health Organization were relied 
upon in the clinical classification of patients according 
to the severity of the disease according to signs and 
symptoms. 

The inclusion criteria were: patients with mild symptoms 
of Covid-19 infection without any sign of pneumonia, 
moderately infected patients with fever and pneumonia, 
both gender, and 18 years old and above. 

Exclusion criteria were: patients with pre-existing 
olfactory problems of another cause, allergic rhinitis, 
sinusitis (chronic form), and severe Covid-19 infection 
with shortness of breath and severe hypoxia, as well 
as pregnant women, and less than 18 years old. Then 
COVID-19 patients were divided into two groups based 
on the incidence of anosmia. 45 blood samples were 
harvested from healthy individuals that considered them 
as a control group. Ages of study groups ranged from 8 
to 85 years old.

Baselines data regarding age and gender were taken from 
each participant after informed consent was obtained 
from each one. 

Methods: Collected nasopharyngeal swabs were used 
for diagnosis COVID-19 infection were approved by 
Polymerase Chain Reaction (PCR).  The collected blood 
in EDTA tube was used for detection NLR in patients 
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and controls by using Complete Blood Count (CBC) 
machine (Sysmex, Japan Company). While collected 
blood in gel tube was centrifuged by centrifuge machine 
(5000 rpm for 5 minutes) to have serum for measuring 
detection levels IL-6 by Sandwich-ELISA (Enzyme-Linked 
Immmunosorbent Assay) according to the instructions in 
the kit brochure (CUSBIO) in study groups.  

Statistical analysis: IL-6 and NLR were showed as 
Mean± SD. ANOVA test was taken to detect variation 
significance among values of indicators within study 
groups.  Gender and age periods characteristics were 
appeared like frequencies and percentages. The in 
similarities of percentages were measured by Pearson-
Chi-square test. Receiver Operating Characteristic (ROC) 
curve was taken to scored Area under the Curve (AUC), 
cut off, sensitivity, and specificity of indicators. Pearson 
correlation coefficient used to detection type and strength 
of relationship between IL-6 and NLR indicators. Standard 
significant level was P≤0.05. SPSS v. 23.0 and Graph 
pad prism v.6 statistical software were taken to analyze 
current data.

RESULTS 

Demographic features of study groups: Results of 
current study showed the age period 41-60 years scored 

highest percentages in all groups; patients without and 
with anosmia (46.7% and 31.1%), as well as in controls 
(44.4%), while age period >80 scored lowest percentages 
in all groups; patients without and with anosmia (0.0% 
and 13.3%), as well as in controls (6.7%) with significant 
differences (p<0.5). 

Based on gender, present outcomes showed the most 
participants were males; patients without and with 
anosmia (51.1% and 51.1%), as well as in controls (57.8%) 
with non-significant differences (p>0.05) Table 1.

Levels of IL-6 and NLR within study groups: Present 
outcomes showed the IL-6 scored highest mean levels 
in patients without anosmia (93.61±29.28), followed by 
patients with anosmia (56.08±18.02), and then controls 
(22.98±8.40) with significant different (P<0.05) among 
all groups. Based on NLR, present investigation showed 
NLR scored highest mean levels in patients with anosmia 
(6.11 ±2.80), followed by patients without anosmia (3.76 
±0.94), and then controls (1.73±0.65) with significant 
different (P<0.05) among all groups Table 2 and Figure 1.

Receiver operator characteristic (ROC) curve of  IL-6 
and NLR markers: ROC curve results showed the IL-6 
and NLR markers scored highest sensitivity (91% and 
84%) and specificity (100% and 81%) at cut off  values 
(>38.5 and >1.87)   in detection patients without anosmia 

Number= 45 case for each group  
Groups 

Total  P value Without  
anosmia 

With Anosmia Control 

Jan-20
n 12 6 3 21

 P<0.05*
% 26.70% 13.30% 6.70% 15.60%

21-40
n 10 10 6 26

 P>0.05
% 22.20% 22.20% 13.30% 19.30%

Age groups 
(years) 41-60

n 21 14 20 55
 P>0.05

% 46.70% 31.10% 44.40% 40.70%

61-80
n 2 9 13 24

 P<0.05*
% 4.40% 20.00% 28.90% 17.80%

>80
n 0 6 3 9

 P<0.05*
% 0.00% 13.30% 6.70% 6.70%

  P value
P<0.001

  P>0.05
 P<0.001   P<0.001

*** *** *** 

Males 
n 23 23 26 72

  P>0.05
Gender % 51.10% 51.10% 57.80% 53.30%

Females 
n 22 22 19 63

 P>0.05 
% 48.90% 48.90% 42.20% 46.70%

  P value   P>0.05  P>0.05  P>0.05   P>0.05  

Table 1. Distribution of study groups according to age groups and gender.

 N Mean SD  P value
Without  anosmia 45 93.61 a 29.28

IL-6 With  anosmia 45 56.08 b 18.02  P<0.001***
Control 45 22.98 c 8.4

Without  anosmia 45 3.76 b 0.94   
NLR* With  anosmia 45 6.11 a 2.8 P<0.001***

 Control 45 1.73 c 0.65  

Table 2. Distribution of study groups according to levels of IL-6 and NLR age groups and gender.

*NLR: Neutrophil lymphocytes ratio Small different letters refer to significant different (p<0.05).
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with important significant (p<0.05).  In similarity, ROC 
curve results showed the IL-6 and NLR indicators  scored 
highest sensitivity (91% and 90%) and specificity (71% and 
89%) at cut off  values (>34.63 and >1.99)   in detection 
patients with  anosmia with important significant (p<0.05) 
Table 3 and Figure 2.

Correlation relationship between IL-6 and NLR  
markers: As shown in Table 4 and Figure 3, pearson 
correlation coefficient results showed there is positive 
significant correlation ( r= 0.769**   and  P<0.01**) 
between IL-6 and NLR markers in Covid-19 patients Table 
4 and Figure 3.

Without  anosmia
With anosmia 

control
Area under 
curve(AUC)

Std. Error P value Cut-off Sensitivity % Specificity %

IL-6 0.96 0.022 P<0.001*** >38.5 91% 100%
NLR 0.804 0.048 P<0.001*** >1.87 84% 81%

With  anosmia
IL-6 0.911 0.031 P<0.001*** >34.63 91% 71%
NLR 0.918 0.036 P<0.001*** >1.99 90% 89%

Table 3: ROC curve, cut-off, sensitivity and specificity of IL-6 and NLR markers in screening study groups.
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Figure 1: Distribution of study groups according to levels of IL-6 and NLR age groups and gender.

Figure 2: Receiver operator characteristic (ROC) curve of IL-6 and NLR markers.
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DISCUSSION

Present investigation mentioned the most Covid-19 
patients were with age groups >60 years, and these 
outcomes were matched with findings18. The average 
age of the study participants was 45.45±21.29 years. Our 
analysis revealed a mean age of 35.8 years, considerably 
greater than studies by19 and20, which reported a mean 
age of 36.5±13.9 years. The reality that the majority of 
these investigations were carried out during the early 
stages of the global outbreak, while the current study was 
carried out after the transmission network was confirmed, 
could assist in clarifying this age disparity.

He found21 that patients over 65 had higher death rates, 
respiratory and extra pulmonary destruction of organs, 
and chronic inflammation, all of which enhanced their risk 
of contracting SARS-CoV-2. This result was consistent 
with present research. A further investigation conducted 
in Dubai discovered that older persons have COVID-19 at 
a seriousness that was 4.7 times greater compared to that 
of young people22.

According to4, females had a higher prevalence of 
Covid-19 infection (44.51%) than men (55.49%). These 
results differ from those of the current study, which 
found that males had a higher positive rate for Covid-19 
infections (53.3%) than females (46.7%). According to23, 
women’s reproductive systems have higher amounts of 
ACE2, which makes them more susceptible to SARS-
CoV-2.

Recently, He revealed23 the death rate with Covid-19 
infection occurred in older males due to have those 
patients’ chronic diseases, organ failure, and not efficient 
immune status.    

He showed no association between age and anosmia, and 
these outcomes were matched with present outcomes. 

According to our research, the rate of anosmia was 
comparable for male and female participants, which 
is inconsistent with findings by3 that indicated a higher 
incidence of anosmia in female participants.  Because the 
data was mostly based on self-reporting of indications, 
there may be memory bias as well as variations in 
methodology, symptom definition, demographic 
investigated, measuring tool, and other factors contributing 
to the disagreement in results among investigations. 
The research addresses biological variations in ACE 
receptor expression and X-chromosome position across 
gender as well as variations in initial smell as probable 
reasons for the higher frequency of these manifestations 
in females8.  The SARS-CoV-2 entry requires the human 
cellular receptors ACE2 and TMPRSS2. The majority of 
these transmitters are found in the cells of the olfactory 
epithelium. Thus, the primary theory posits that anosmia 
results from injury to non-neuronal cells, which in turn 
impacts the regular metabolism of the olfactory system. 
A plausible rationale for the greater frequency seen in 
females might be because incomplete X chromosomal 
inactivation leads to elevated ACE2 expression24 Table 1.

Outcomes of current investigation showed raised levels 
of NLR and IL-6 markers in Covid-19 patients versus 
controls, and these findings were matchers to results25.

The emergence of COVID-19-related problems is 
attributed to the immunological reaction to the COVID-19 
virus. Data points to a possible role for an unbalanced 
inflammation immune system in the onset of the disease’s 
most dangerous phases. Consequently, adverse results 

 IL-6

NLR
Pearson correlation coefficient (r) 0.769**

Probability  (P) value P<0.01**

Table 4: Correlation relationship between IL-6 and NLR in Covid-19 patients.

Figure 3: Correlation relationship between IL-6 and NLR in Covid-19 patients.
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in COVID-19 patients are linked to higher levels of 
circulatory mediators and reactants in the acute phase25. 

Numerous illnesses, notably COVID-19, have been 
linked to IL-626. It was shown that there is a substantial 
correlation between elevated levels of IL-6 and unfavorable 
clinical outcomes related to COVID-19, including ICU 
hospitalization, Acute Respiratory Distress Syndrome 
(ARDS), and mortality. Furthermore, compared to 
individuals with no complicated illness, individuals with 
such complex types of COVID-19 had blood IL-6 levels 
that were almost three times greater27.

In addition to rising during the acute illness phase, an 
elevation in the amount of IL-6 constitutes one of the 
main causes of post-Covid-19 syndrome for four weeks 
following the initial infection28. Serum concentrations of 
IL-6 were shown to be considerably raised in patients 
following COVID-19 infection, regardless in the acutely or 
prolonged COVID-19 phase28. This finding suggests that 
heightened IL-6 is related with long COVID-19.

Olfactory disruption, encompassing both hyposmia and 
anosmia, is a commonly seen symptom of COVID-19. 
High amounts of the necessary receptors, such as 
ACE2, for SARS-CoV-2 entrance are expressed by nasal 
neuroepithelial cells29. Following the virus’s entrance into 
the nasal neuroepithelial cells, an inflammatory reaction 
may result in abnormal neuronal function and olfactory 
disruption30.

According to31, Covid-19 patients with anosmia had higher 
levels of IL-6 than those lacking anosmia; however, our 
findings, which revealed higher concentrations of IL-6 in 
Covid-19 participants lacking anosmia compared to those 
with anosmia, were not consistent with their findings. 
There is proof that COVID-19 patients with anosmia had 
considerably lower blood IL-6 levels than those lacking 
anosmia. A milder course of the illness is being suggested 
for people who produce an effective antiviral defense on 
their olfactory epithelium, considered the initial line of 
barrier against virus infection. Nevertheless, olfactory 
disruption and a reduction in smell will occur due to the 
presence of the olfactory epithelium32.

Participants with Olfactory Dysfunction (OD) have 
substantially higher levels of IL-6 in their mucus from 
the nose, the saliva, and plasma33. An examination of 
these alterations might link to systemic or localized 
inflammation, which could be the root cause or outcome 
of medical conditions associated with Olfactory Disorder 
(OD). Numerous investigations have revealed that IL-6 is 
crucial in the Olfactory Dysfunction (OD) that COVID-19 
patient’s experience34. Yet, utilizing psychophysical 
olfactory ratings, the investigators were unable to find 
any association between Olfactory Disorder (OD) and 
Covid-1935. The researchers postulated that because of 
immunology and inflammatory alterations, higher IL-6 
levels may be a potential causative factor for the onset 
of Olfactory Disorder (OD) following a local or general 
infection36.

A past investigation shown that, in comparison to 
individuals lacking Olfactory Disorder (OD), those 
suffering from Covid-19-related anosmia often had much 
lower blood levels of IL-6, and that these lower levels 
were associated with a gentler phase of the illness. It is 
possible to argue that anosmic patients with COVID-19 
exhibit a milder condition due to their lower levels of IL-6 
and cytokine storm37.

Observations from38 demonstrating higher NLR in 
Covid-19 patients compared to controls were consistent 
with our investigation. In patients with Covid-19, additional 
indicators of inflammation also rise dramatically along 
with the cytokines during the cytokine storm. Because 
neutrophils create reactive oxygen species which 
harm cell DNA, excessive inflammation brought on by 
Covid-19 seems to raise NLR levels39. Research has 
demonstrated the significance of the NLR level is a more 
accurate indicator of inflammation than the total counts 
of neutrophils and lymphocytes40. Inflammation causes 
neutrophilia, whereas immune system suppression 
causes lymphopenia. Both neutrophils and lymphocytes 
are engaged in the immunological response41.

According to a prior investigation, the NLR is a useful 
indicator since it is necessary for clinical treatment and 
prognostic assessment of disease severity because it is 
elevated in Covid-19 participants and is linked to a greater 
risk of death42. 

According to a new study conducted among COVID-19 
patients, an NLR value of 6.1 or more at the point of 
hospital stay was linked to severe illness, worsening 
clinical condition, and fatality. NLR incorporation as a 
predictive factor in COVID-19 prediction scales may 
enhance risk evaluation and direct suitable treatment 
plans for COVID-19 patients in addition to preparing for 
prospective viral pneumonias in the future43.

According to44, individuals who have anosmia had higher 
levels of NLR versus participants lack anosmia; these 
results were consistent with our own. According to earlier 
findings, having an elevated NLR was a reliable indicator 
of medical severity and an independent predictor of 
COVID-19 results (Yang et al., 2020). A 75-year-old 
man with COVID-19 who experienced acute stroke-like 
symptoms and signs had an elevated NLR, according to10. 
According to45, in critically ill individuals with neurological 
diseases, the neutrophil count (NLR) were considerably 
greater while the lymphocyte count was decreased. An 
increase in neutrophils and a decrease in lymphocytes 
can both contribute to enhance NLR. 

Recent study mentioned the increased levels of CRP, 
ESR, and NLR in patients with olfactory dysfunction 
suggest that they may play a role in the initiation of this 
symptom. Reduction of CRP and serum ferritin after 3 
months from the onset of olfactory dysfunction can be a 
prognostic marker of smell recovery46 Table 2.

According to the ROC curve, He found that47 evaluation 
Covid-19 patients lacking anosmia resulted in moderate 
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sensitivity (61%) and specificity (63%) of IL-6 at cut off 
>11.44. The results reported were lower than the current 
findings, which found that testing Covid-19 patients 
minus anosmia resulted in the highest sensitivity (91%) 
and specificity (100%) of IL-6 at cut off >38.5. According 
to48, the authors found that patients with severe Covid-19 
who live at high elevations may be distinguished between 
survivors and non-survivors using the IL-6 test.

ROC analysis was utilized to establish the threshold 
value of IL-6 level in predicting the severity and death 
from Covid-19. Prior ROC analysis showed that the cutoff 
values for both mortality and severity for IL-6 are larger 
than 50.27 and 120.83, respectively. The area under the 
ROC curve for IL-6 is 0.953 and 0.922, showing that it is 
a solid predictor for both conditions.  According to49, the 
degree of sensitivity and specificity readings for IL-6 for 
death and severity were 93.3% and 90.5%, respectively, 
and 90.0% and 86.7%, correspondingly.

Previous research demonstrated that because NLR has a 
moderate sensitivity (63%) and a good specificity (83%) 
at cut-off 7.02, it may be used as a medical laboratory 
prognostic indicator for death of Covid-19 patients 
lacking anosmia transferred to the intensive care unit50. 
The results we obtained, which demonstrated the best 
sensitivity (84%) and high specificity (81%) at cut-off 
>1.87, were favored above these findings.

The research team demonstrated that among COVID-19 
patients, an NLR value of 6.1 or above at the point of 
hospitalization was linked to severe illness, worsening 
clinical condition, and fatality. NLR integration as a 
predictive factor in COVID-19 prognosis scales may 
enhance risk evaluation and direct suitable treatment 
plans for COVID-19 patients as well as for prospective 
viral pneumonias in the future51.

With a cutoff threshold greater than 3.06, NLR may be a 
practical, affordable, and easy indicator to utilize for early 
COVID-19 infection patient prognosis. Aside from its cut-
off point, NLR might be a reliable risk predictive in the 
identification of COVID-19 infections52 Table 3.

He shown53 that in individuals with both minor and severe 
Covid-19 illness, NLR and IL-6 correlated positively. 
These results complemented the current research. NLR 
and IL-6 have been found to be indicators of generalized 
inflammation and fatality risk factors in Covid-19 
patients54,55. Accordingly, NLR and IL-6 may each 
function as a separate predictive biomarker for Covid-19 
treatment56.

CONCLUSION

Anosmia is positive correlate with age progression in 
Covid-19 patients. Levels of IL-6 and NLR markers are 
strong association with anosmia in patients. These 
markers can inserted within laboratory profile in diagnosis 
Covid-19 patients (with and without anosmia) due it have 
high sensitivity and specificity. Finally, there is positive 
correlation between IL-6 and NLR.
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