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Abstract: Neutrophil/lymphocyte ratio (NLR) is a very cheap and accurate method of accessing in-

flammation and is fast emerging as a prognostic biomarker in many diseases. This study determines 

the Neutrophil/lymphocyte ratio and haemoglobin electrophoretic patterns in an undergraduate stu-

dent’s population at Rivers State University, Port Harcourt, Nigeria. One hundred and fifty (150) un-

dergraduate students aged between 17 and 30 years old were recruited for the study. Five millimeters 

(5ml) of venous blood was collected from each participants into ethylene diamine tetraacetic acid 

(EDTA) vacutainer bottle for the determination of haemoglobin genotype using cellulose acetate elec-

trophoresis method while the neutrophil/lymphocyte ratio was calculated from neutrophil and lym-

phocyte values obtained from BC 5000 Mindray Hematology Auto-Analyzer. The results obtained 

showed that the mean±SD value of Neutrophil/Lymphocyte ratio was 1.21 ± 0.07 for male and 1.14 

± 0.06 for female participants with both within normal reference ranges and with no significant differ-

ence (p=0.4692). 100 (66.7%) subjects had haemoglobin genotype AA (HbAA) out of which 48 (32%) 

male, 52 (34.7%) female while 50 (33.3%) participants had haemoglobin genotype AS (HbAS) of which 

24 (16%) male, 26 (17.3%) female. No haemoglobin genotype SS/SC (HbSS/HbSC) traits were seen 

in the study population. Furthermore, results also showed that haemoglobin genotype and sex had no 

effects on the neutrophil/lymphocyte ratio (p=0.05). This study shows a 66.7%, 33.3%, and 0% ex-

pression for HbAA, HbAS, and HbSS/HbSC, respectively, and that the Neutrophil/Lymphocyte ratio 

is within the normal reference range. Further studies to include other haemoglobin variants such as 

haemoglobin SS (HbSS) and haemoglobin SC (HbSC) is recommended. 

Keywords: Neutrophil/Lymphocytes Ratio, Haemoglobin Electrophoretic patterns, Cellulose Acetate 

Electrophoresis Method. 

______________________________________________________________________________ 

1. INTRODUCTION  
Inflammatory activities occurring invivo constitutes normal immune defense mecha-

nism in virtually all apparently healthy individuals. The neutrophil-to-lymphocyte ratio (NLR) 
in peripheral blood is an assay that strikes a balance between systemic inflammation and im-
munity and is thus an emerging prognostic biomarker in many diseases (1). The neutrophil-
to-lymphocyte ratio (NLR) also serve as a biomarker connecting two part of the immune 
system; the innate and adaptive immunity, both mediated by the neutrophil and lymphocytes 
respectively. It is calculated as a simple ratio between the neutrophil and lymphocyte counts 
measured in peripheral blood (1).  

Neutrophils are granulated cells that function as the first line of host immune response 
against invading pathogens through different mechanisms, which includes; chemotaxis, phag-
ocytosis, release of reactive oxygen species (ROS), granular proteins, and the 
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production/liberation of cytokines (2). They also actively partake in adaptive immunity by 
playing an important regulatory role as main effector cells during the systemic inflammatory 
response (SIRS). Neutrophil as a major regulator of innate immunity, recruits, activates, and 
programs other immune cells and secretes an array of proinflammatory and immunomodula-
tory cytokines/chemokines capable of enhancing and advancing the effector function of 
other immune cells such as B cells, NK (Natural killer) cells, dendritic cells, CD4/CD8 cells 
(3).  

Lymphocytes exist in different forms such as B cells; T cells, CD4-positive, CD4/CD8-
negative or CD8-positive; natural killer T cells and are mainly responsible for adaptive im-
munity, providing an antigen-specific response regulated by the major histocompatibility 
complex (MHC) class I (4). Lymphocyte activity is involved in the host's response to viruses, 
tumor cells, atopy, and in the systemic inflammation response (4). 

Haemoglobin electrophoretic patterns are the genotypic expression of haemoglobin that 
include both normal homozygous forms (HbAA) and abnormal heterozygous forms (HbSS, 
HbSC, HbCC, etc). The variant HbSC is formed by the replacement of glutamic acid with 
lysine at the 6th position of the β-globin chain while HbSS is formed by the replacement of 
glutamic acid with valine at the 6th position of the β-globin chain of the molecule (5,6,7). 
There are six major haemoglobin electrophoretic patterns inherited in the homozygous state 
(HbAA, HbCC, and HbSS) or heterozygous state (HbAS, HbAC, and HbSC) (8,9,10). The 
inheritance of HbS from both parents results in a homozygous state (HbSS) known as sickle 
cell anaemia/disease The inheritance of HbS from one parent and HbA from the other leads 
to a heterozygous state (HbAS) which is known as sickle cell trait (SCT) (8,11). Subjects with 
HbSS gene trait are easily prone to anaemia due to destruction of red blood cell by various 
mechanism that decrease red cell production, increase red cell destruction and ineffective red 
cell production (12). Management of the disease associated with heterozygous state of hae-
moglobin S (HbSS) are usually expensive and often not affordable by the poor as most drugs 
used in its management are insufficiently ineffective, expensive and toxic to cell (13) 

Researches have shown that there is an isolated rise in neutrophil count and conse-
quently an elevated neutrophil/lymphocyte ratio in several conditions including; bacteria or 
fungal infection (14,15,16) atherosclerosis (17) all of which are common features with hae-
moglobin SS genotype. This is because the early hyperdynamic phase of infection is charac-
terized by a proinflammatory state, mediated by neutrophils and other inflammatory cells (14). 
Thus, NLR is often characterized by an increase in neutrophils and a decline in lymphocytes. 
Lower NLR is usually associated with favorable prognostic factors in every field of applica-
tion, mirroring a preserved immune balance (18). This study is aimed at determining Neutro-
phil/Lymphocytes ratio and electrophoretic pattern in apparently healthy undergraduate stu-
dent of Rivers State University, Port Harcourt Nigeria. 

2. MATERIALS AND METHOD 

2.1 Study Design/population  

This cross-sectional study was aimed at determining the Neutrophil/Lymphocyte ratio 
and Haemoglobin Electrophoretic patterns in apparently healthy students in Rivers State Uni-
versity. The study was carried out in August-November 2022 with a total of one hundred and 
fifty (150) apparently healthy male and female participants aged between 16 to 45 years re-
cruited through a well-structured questionnaire.   

2.2 Sample Collection, Transportation, Processing and Preservation 

Five (5) millilitres (ml) of venous blood sample were collected from each participants 
through venepuncture techniques into ethylene diamine tetraacetic acid (EDTA) vacutainer 
bottle and transported under recommended condition to the laboratory for analysis. 

2.3 Methodology  

Estimation of Neutrophil, Lymphocyte count was carried using BC 5000 Mindray He-
matology Auto-Analyzer and neutrophil/lymphocyte ratio calculated. Haemoglobin 
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electrophoretic pattern was carried out using cellulose acetate electrophoresis method under 
an electric current and at an alkaline pH (8.4 - 8.6).  

2.4 Calculation of Neutrophil/Lymphocyte Ratio 

Neutrophil/lymphocyte ratio was calculated by dividing absolutes values of neutrophil 
and lymphocyte count estimation from full blood count haematology autoanalysers. Alt-
hough, NLR can also be calculated from full blood count autoanalysers when values of neu-
trophil and lymphocyte are presented in percentage. This was done by respective calculation 
and multiplying neutrophil and lymphocyte values by white blood cell count and dividing by 
100 and then dividing the results of neutrophil by lymphocytes.  

2.5 Data Analysis  

Data was statistically analyzed using Statistical package for Social Sciences (SPSS) version 
23 and results presented in tables. 

3. RESULTS 

3.1 Demographic Data of Studied Subjects 

Table 3.1 shows a total of one hundred and fifty (150) subjects were enrolled for the 
study, comprising of seventy-six (76) males and seventy-four (74) females participants aged 
between 17-30years. 

Table 3.1: Demographic Data of Studied Participants  

Parameters Frequency (%) 

Age range in years 17-30 

Male 76(50.7%) 

Female 74(49.3%) 

Total 150 

 

3.2 Percentage Distribution of Haemoglobin Genotype in Studied Participants 

Result in the study shows that out of the total study population of 150 subjects, 100 
(66.7%) participants were haemoglobin genotype A (homozygous A (HbAA) of which 48 
(32%) were male and 52 (34.7%) were females. 50 (33.3%) of the studied participants were 
haemoglobin genotype AS (heterozygous AS (HbAS) of which 24 (16%) were male and 26 
(17.3%) females as shown in table 3.2. 

Table 3.2: Percentage Distribution of Haemoglobin Genotype in Studied Participants 

Genotype  Frequency (%) 

Haemoglobin A (HbAA) 

Male 48 (32%) 

Female 52 (34.7%) 

Total  100 (66.7%) 

Haemoglobin AS (HbAS) 
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Male 24 (16%) 

Female 26 (17.3%) 

Total 50 (33.3%) 

 

3.3 Result of Neutrophil, Lymphocytes and Neutrophil/Lymphocyte Ratio of Studied Participants 

Table 3.3 shows the mean±SD values of Neutrophil, Lymphocyte and Neutrophil/Lym-
phocyte Ratio in female participants as 46.22 ± 4.91(%) (p=0.6373), 44.09 ± 4.56 (%) 
(p=0.5745) and 1.14 ± 0.06 (p=0.4692) respectively. The mean±SD values of neutrophil, lym-
phocyte and neutrophil/lymphocyte ratio in male participants were 47.02 ± 5.85(%) 
(p=0.6373), 43.22 ± 4.37(%) (p= 0.5745) and 1.21 ± 0.07 (p=0.4692). 

Table 3.3:  Result of Neutrophil, Lymphocytes and Neutrophil/Lymphocyte Ratio of Studied Partic-
ipants 

Parameter  Male (n=76) Female (n=74) P value  Remark  

Neutrophil (%)  46.22 ± 4.91 47.02 ± 5.85 0.6373 NS 

Lymphocyte (%) 44.09 ± 4.56 43.22 ± 4.37 0.5745 NS 

NLR 1.21 ± 0.07 1.14 ± 0.06 0.4692 NS 

KEY: n= number of participants, NLR=Neutrophil/Lymphocyte Ratio, NS= Not Significant when 
compared at p<0.05 

3.4      Effect of Haemoglobin Genotype on Neutrophil, Lymphocyte and 
Neutrophil/Lymphocyte Ratio 

Table 3.4 shows the mean±SD values Neutrophil, Lymphocyte and Neutrophil/lym-
phocyte ratio in participants with haemoglobin AA (HbAA) as 46.65 ± 5.27(%) (p=0.9585), 
44.05 ± 4.10 (%) (p=0.4690), and 1.16 ± 0.05 (p=0.6057) respectively. Participants with hae-
moglobin AS (HbAS) had mean±SD values of neutrophil, lymphocyte and neutrophil/lym-
phocyte ratio as 46.56 ± 5.66(%) (p=0.9585), 42.86 ± 5.13 (%) (p=0.4690), 1.21 ± 0.09 
(p=0.6057) respectively. 

Table 3.4 Effects of Haemoglobin Genotype on Neutrophil, Lymphocyte, Neutrophil/Lymphocyte 
Ratio 

Parameters  HbAA (n=100) HbAS (n=50) P value Remark  

Neutrophil (%)  46.65 ± 5.27 46.56 ± 5.66 0.9585 NS 

Lymphocyte (%)  44.05 ± 4.10 42.86 ± 5.13 0.4690 NS 

NLR 1.16 ± 0.05 1.21 ± 0.09 0.6057 NS 

KEY: NLR=Neutrophil/Lymphocyte Ratio, n= number of participants, HbAA=haemoglobin gen-
otype AA, HbAS=haemoglobin genotype AS, NS= Not Significant when compared at p<0.05 

4. DISCUSSION 
The Neutrophil/lymphocyte ratio is an important haematological parameter derived by 

dividing absolute values of neutrophils by lymphocyte. It establishes the balance between 
systemic inflammation and immunity and is a rising prognostic biomarker in many diseases 
(19). This study was carried out to determine the Neutrophil/Lymphocyte ratio and 
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haemoglobin electrophoretic patterns in the apparently healthy undergraduate student popu-
lation of Rivers State University.  

Results for neutrophil/lymphocyte ratio showed that both male and female participants 
had NLR values all within established normal reference ranges. The findings in this study are 
deviant from the study of Alagbe and Olaniyi (20), who recorded significantly higher NLR 
values in subjects with HbSS compared to HbAA, and Beatrice et al. (21), who recorded lower 
values for NLR while assessing the effect of cART on neutrophil/lymphocyte ratio in HIV 
positive patients initiating antiretroviral therapy. 

The finding in this study, however, is not surprising since there was no sickle cell hae-
moglobin genotype discovered among the participants in the study, which could have been a 
predisposing factor to inflammation and thus triggered elevated or decreased NLR values in 
the study population. It is known that sickle cell anaemia has always focused on the primary 
genetic defect, the abnormal sickle haemoglobin that polymerizes when deoxygenated. This 
polymerization within the red cell is capable of causing deformability of the cell and conse-
quently resulting in the cell becoming rigid, obstructing blood flow. Obstruction of blood 
flow will trickle down to acute and/or chronic tissue damage due to poor perfusion of the 
cell.  

Furthermore, the Neutrophil/lymphocyte ratio as a cheap assessment method of inflam-
mation is somewhat more stable and not easily influenced by physiological, pathological, or 
stressful events known to influence neutrophil and platelet counts and activities. Therefore, 
since all participants in this study were apparently healthy, the triggers of inflammation that 
could have caused alterations in neutrophil/lymphocytes ratio are not present, and thus, the 
results observed in the study. 

In this study, 100 (66.7%) participants comprising of 52(34.7%) male and 48(32%) fe-
males expressed the homozygous haemoglobin genotype AA (HbAA) while 50 (33.3%) com-
prising of 24 (16%) male and 26 (17.3%) females expressed the heterozygous haemoglobin 
genotype form AS (HbAS). No HbSS, HbAC and HbSC traits was seen in the study popula-
tion. This finding slightly agrees with the findings of Erhabor et al. (22) who reported a 69.1% 
expression, Abdulrahaman et al. (7) who reported 70% expression of HbAA, Moses et al. (23) 
with 73.9% HbA and 26.1% HbAS in their study of pregnant women attending the antenatal 
clinic in Plateau State Specialist Hospital; Umoh et al. (24) who found out a 78.7% HbAA, 
19.6% HbAS, 1.5% HbSS, 0.2% HbAC and 0.04% HbSC in their five (5) year retrospective 
study on haemoglobin genotypes as an implication for reproductive health in Uyo, Nigeria. 
The finding in this research is also within the normal reference range reported in blacks and 
in tandem with the reports of Abdulrahaman et al. (7) 

From the findings in this research, it could be inferred that the HbAA is the most prev-
alent haemoglobin genotype among students of Rivers State University and this high percent-
age expression of HbAA, average prevalence of HbAS and no HbSS or HbSC can be at-
tributed to the genes expressed in the population, high level of awareness and sensitization 
on the part of parents of the students on the negative social economic implications of hae-
moglobin genotype especially the HbSS on the health and wellbeing of their children. Also, 
the zero frequencies of HbSS observed in this study is a possible indication that the sickle cell 
gene trait in Port Harcourt is gradually reducing due to increased awareness, pre-marital coun-
selling, increased awareness and knowledge of the devastating socio-economic implications 
and complications of the disease associated with HbSS gene. The absence and decrease prev-
alence in the HbSS and HbAS traits might also be attributed to the improved and active 
program for prenatal screening and diagnosis among pregnant women in Port Harcourt, Ni-
geria. 

There was no statistically significant difference in the Neutrophil/Lymphocytes values 
in haemoglobin genotype AA (HbAA) compared to haemoglobin genotype AS (HbAS) 
(p=0.6057). This indicates that haemoglobin genotype have no significant effects on neutro-
phil/lymphocytes ratio. This could be because there was no haemoglobin genotype SS and 
other abnormal variants which are highly connected with inflammatory processes. It is known 
that subjects with HbSS gene trait are easily prone to anaemia due to the destruction of red 
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blood cells by various mechanism that decrease red cell production, increase red cell destruc-
tion and ineffective red cell production. Fragment of red cell has ability to stimulate immune 
response capable of increasing neutrophil and lymphocyte count in peripheral blood. 

Although Neutrophil/Lymphocytes values were slightly elevated in males compared to 
female participants, it shows no statistically significant difference (p=0.4692) indicating that 
sex/gender have no significant effects on neutrophil/lymphocytes ratio. This could be be-
cause both the male and female participants had no condition or disease that affected or was 
capable of triggering the production of neutrophil/lymphocyte above normal reference val-
ues. 

5. CONCLUSION  
This study has revealed that haemoglobin genotype AA is the most prevalent genotype 

among the study population. Neutrophil/lymphocyte ratio of participants is within the nor-
mal reference range, and the haemoglobin genotype and sex have no effect on the neutro-
phil/lymphocyte ratio. Further studies to include other haemoglobin variants, such as hae-
moglobin SS (HbSS) and haemoglobin SC (HbSC), is recommended. 
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