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ABSTRACT

Occupational exposure to environmental pollutants poses significant health risks, particularly
for street cleaners who are routinely exposed to dust, vehicle emissions, and other
contaminants. This aim of this study was to evaluate the haematological and
haemorrheological changes among street cleaners in selected environs of Benin City, Edo
State, Nigeria. A total of 100 participants, comprising 50 street cleaners and 50 age- and
gender-matched controls, were recruited using a simple random sampling technique.
Sociodemographic and occupational data were obtained via structured questionnaires.
Venous blood samples were collected under aseptic conditions for analysis of complete blood
count, erythrocyte sedimentation rate (ESR), and plasma fibrinogen concentration using
automation, Westergren method and Clauss method respectively. Results indicated that street
cleaners in Benin City were slightly older (35.84 ± 8.09 years) than controls (33.84 ± 4.21
years), with a predominance of males in both groups (88.0% vs. 80.0%). Most street cleaners
had 1–5 years of work experience and worked 4–8 hours per day, 3–5 days per week. Use of
personal protective equipment (PPE) varied, with only 36.0% always using PPE, although all
participants had access to water and soap for hand hygiene. Haematological analysis revealed
significantly higher WBC counts in street cleaners (5.25 ± 0.18 ×10³/µL) compared to control
(4.37 ± 0.19 ×10³/µL) (p<0.05). Red blood cell (RBC) counts were significantly lower in
street cleaners (3.92 ± 0.07 ×10¹²/L) relative to controls (5.26 ± 0.08 ×10¹²/L, p < 0.001).
Haemoglobin (HGB) levels were also reduced in street cleaners (11.45 ± 0.17 g/dL) than
control (13.80 ± 0.26 g/dL) (p < 0.001). Red cell indices, including MCV, MCH, MCHC, and
RDW, were significantly higher in street cleaners, whereas platelet counts and mean platelet
volume (MPV) were lower. ESR levels were significantly higher among street cleaners
(17.92 ± 1.50 mm/hr) compared to controls (5.78 ± 0.51 mm/hr) (p < 0.001), and fibrinogen
concentrations were also elevated in street cleaners (460.68 ± 14.88 mg/dL) relative to
controls (286.88 ± 6.83 mg/dL) (p < 0.001). Correlation analysis showed that fibrinogen and
ESR had strong negative correlation with RBC, HGB, and HCT (p<0.05). However, ESR and
fibrinogen were strongly positively correlated with each other. In conclusion, street cleaning
in Benin City is associated with significant hematological and haemorrheological alterations
in street cleaners likely driven by chronic exposure to environmental pollutants, systemic
inflammation, and oxidative stress.

Keywords: Street cleaners, Haematology, Haemorheology, Erythrocyte sedimentation rate,
fibrinogen, Benin City, occupational exposure
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CHAPTER ONE

INTRODUCTION

1.1. Background of Study

Solid waste management includes the collection, transport, deposition, treatment and

recycling of waste produced by individual households, public institutions and workplaces

(Vam Kampen et al., 2020). Street cleaning is an integral part of the solid waste management

system and an important duty to ensure a clean environment. Specific challenges significantly

differ around the world. The increasing population, especially in Africa, Asia and South

America, has resulted in severe pressure on urban land, urban utilities and services. In those

areas, a major goal is the prevention of transmission of infectious diseases, and this is why

street sweepers play an important role in maintaining health in the communities (Wahab and

Ogunlola, 2014). For waste collectors and compost workers, the activities and their influence

on occupational health have been described in some European studies (Walser et al., 2015).

Waste collectors usually pick up waste from its point of production, empty refuse containers

onto trucks, and deliver the waste to disposal and processing facilities (Velasco et al., 2015).

Benin City, the largest urban center in Edo State, in southern Nigeria houses much of the

challenges of waste disposal issue and indiscriminate dumping, thus far, described. Many of

its suburbs (i.e., including residential areas and public places) are littered with domestic and

sewage waste, garbage, and chemical waste (Ezeudu and Ezeudu, 2019). Industrial operation

is characterized by the generation of large volume of waste in the form of solid, liquid and

gas. As a result, the Edo State Waste Management Board (EWMB), established by the local

authorities, put in place a monitoring program to regulate environmental quality and

implement steps towards a waste-free society. Despite its efforts, Benin City still falls short

of achieving Board benchmark levels and ongoing waste management practices are needed.

Street cleaners play a major role in cleaning the environment (Adekola et al., 2021)
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Less is known about the hazards and health effects of street cleaning, and there are no general

regulations in this field. Like waste and compost workers, street cleaners are physically

stressed and exposed to bioaerosols, which can cause musculoskeletal and respiratory

symptoms. When cleaning public facilities or emptying garbage cans, they may suffer from

cut injuries, skin irritations and infections. Because they mostly work outdoors, they are

exposed to cold, wind or heat (Hoffmeyer et al., 2014). Environmental/traffic pollution (dust,

particulate matter, ozone, carbon monoxide, nitrogen oxides) and natural UV exposure have

to be taken into account as well. In most countries, regardless of whether these are

developing, emerging or industrialized countries, street cleaning is predominantly done by

hand sweeping by an individual worker or a group. Sweeping can be done with push brooms,

as is often the case in developing countries, or mechanically, e.g., by using leaf blowers.

However, street cleaners also work with sweepers, machines and mowers or gritting vehicles.

In general, activities of street cleaners and the associated health hazards seem to be very

complex. According to a study by Johncy et al. (2014), street sweeping is one of the most

popular occupations of less privileged people in India. Also in a Nigerian study, about 30%

of street sweepers never had any formal education (Wahab and Ogunlola, 2014). Most of the

street cleaners have little knowledge on occupational health hazards and safety, e.g.,

regarding the transmission of infections (Munubi and EHS, 2017). While developed countries

take measures to prevent occupational health hazards, this is not the case in developing

countries (Johncy et al., 2014). In Nigeria, street sweepers often use only short-handled

brooms and take no precautionary measures, such as wearing face masks or sprinkling water

on the street before sweeping, to minimize dust exposure (Wahab and Ogunlola, 2014).

Haematology is a branch of medical science concerned with the study of the blood, its

cellular components, and the blood-forming organs. It focuses on analyzing the quantity and

structural characteristics (morphology) of the different blood cells, which include red blood
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cells (also known as erythrocytes), white blood cells (leucocytes), and platelets

(thrombocytes). Haematological investigations are necessary for identifying a wide range of

disorders, including infections, anaemia, blood cancers, and clotting abnormalities. They also

serve to evaluate the extent of physiological or pathological damage to the blood system

(Togun et al., 2007). They are reliable indicators of an individual's overall health and

physiological status. These parameters provide valuable information into the functioning of

the circulatory and immune systems, and are often reflective of the body’s response to

internal or external stressors (Etim et al. (2014). Furthermore, haematological parameters are

closely associated with the blood and the organs responsible for its formation, such as the

bone marrow and lymphatic system (Bamishaiye et al., 2009). Individuals such as street

cleaners, who are regularly exposed to environmental contaminants, may experience changes

in their blood profile. These changes, detectable through haematological analysis, can provide

early warning signs of infection, toxicity, or systemic stress resulting from their occupational

environment (Van Kampen et al., 2020).

Haemorrheology is the study of how blood flows through the vessels, focusing on the

physical and mechanical properties of blood and its components, especially red blood cells

and plasma (Alexy et al., 2022). Two key haemorrheological parameters are fibrinogen and

erythrocyte sedimentation rate (ESR) (Alexy et al., 2022). Fibrinogen is a plasma protein that

plays an important role in blood clotting and significantly affects blood viscosity. High levels

of fibrinogen are often linked to inflammation and an increased risk of cardiovascular disease

(Kattula et al., 2017). ESR measures how quickly red blood cells settle at the bottom of a test

tube in one hour, serving as a general marker of inflammation in the body (Kulkarni and

Deep, 2020). For street cleaners, who are regularly exposed to dust, pollutants, and harmful

environmental agents, these parameters can be particularly relevant. Prolonged exposure to

such conditions can trigger inflammatory responses in the body, which may be reflected in
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elevated fibrinogen levels and ESR. Regular monitoring of these indicators in street cleaners

can help assess their health status and identify any early signs of inflammation or other health

risks (Van Kampen et al., 2020).

In Benin City, Edo State, street cleaners often work long hours under challenging conditions,

with limited access to personal protective equipment (PPE) or health monitoring services

(Edo State Waste Management Board, 2022). Given their constant exposure to various

environmental pollutants, it is imperative to investigate the potential impact on their

haematological and haemorheological profiles. Such an investigation can provide crucial

insights into the health risks faced by this vulnerable occupational group and inform public

health interventions.

To ensure the ethical conduct of this study, approval will be obtained from the Ethics

Committee of the Ministry of Health, Benin City, Edo State. All participants will be fully

informed about the study’s objectives, procedures, potential risks, and benefits, and written

informed consent will be obtained prior to participation. Participation will be entirely

voluntary, with the option to withdraw at any time, and strict confidentiality will be

maintained throughout the study. Data collection will involve administering structured

questionnaires to gather socio-demographic information, occupational history, and lifestyle

factors. Blood samples will be collected under sterile conditions using EDTA anticoagulant

tubes for haematological analysis and plain tubes for fibrinogen estimation. Haematological

parameters will be measured using an automated haematology analyzer, while

haemorheological parameters such as erythrocyte sedimentation rate and fibrinogen

concentration will be assessed using standardized laboratory methods. All collected data will

be securely stored and managed using unique identification codes to ensure privacy.

Statistical analysis will be performed using SPSS software, with descriptive statistics
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summarizing the data and inferential tests applied to examine associations between

occupational exposure and haematological or haemorheological changes.

1.2. Statement of Problem

Despite the essential role street cleaners play in urban settings, there is a significant gap in the

literature regarding their health and well-being, specifically concerning haematological

changes. Studies have primarily focused on musculoskeletal injuries and other occupational

hazards, largely neglecting potential alterations in blood parameters as a result of prolonged

exposure to environmental toxins and physical stressors. For instance, research shows that

similar occupational roles are at risk of developing respiratory and cardiovascular

complications due to exposure to particulate matter and toxic pollutants, but comprehensive

studies focusing on haematological implications among street cleaners remain sparse

(Jørgensen et al., 2011; Yunoos and Dankoly, 2021).

The prolonged exposure to a mixture of pollutants, including heavy metals, particulate matter,

and chemical fumes, can potentially induce oxidative stress, inflammation, and direct toxicity

to blood cells and plasma components (Popescu et al., 201; Kassenga et al., 2018). These

insidious changes may not manifest as immediate clinical symptoms but can contribute to

chronic health problems, including anaemia, immune dysregulation, or increased

cardiovascular risk over time. Without specific data on the haematological and

haemorheological status of street cleaners in Benin City, it is challenging to assess the full

extent of their occupational health burden and develop targeted preventive measures.

To ensure ethical compliance, approval for this study will be obtained from the Ethics

Committee of the Ministry of Health, Benin City, Edo State. Participants will receive clear

information about the study’s purpose, procedures, potential risks, and benefits, and written

informed consent will be obtained. Participation will be voluntary, with the option to

withdraw at any time, and confidentiality will be strictly maintained. Data will be collected
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using structured questionnaires capturing socio-demographic characteristics, occupational

history, and lifestyle factors. Blood samples will be collected under sterile conditions for

haematological and haemorheological analyses, including full blood count, erythrocyte

sedimentation rate, and fibrinogen concentration, using standardized laboratory methods. All

data will be securely stored with unique identification codes to protect participant privacy.

Statistical analysis will be conducted using SPSS software, employing descriptive statistics

and inferential tests to explore associations between occupational exposure and

haematological or haemorheological changes.

To ensure the ethical conduct of this study, approval will be obtained from the Ethics

Committee of the Ministry of Health, Benin City, Edo State. All participants will be fully

informed about the study’s objectives, procedures, potential risks, and benefits, and written

informed consent will be obtained prior to participation. Participation will be entirely

voluntary, with the option to withdraw at any time, and strict confidentiality will be

maintained throughout the study. Data collection will involve administering structured

questionnaires to gather socio-demographic information, occupational history, and lifestyle

factors. Blood samples will be collected under sterile conditions using EDTA anticoagulant

tubes for haematological analysis and plain tubes for fibrinogen estimation. Haematological

parameters will be measured using an automated haematology analyzer, while

haemorheological parameters such as erythrocyte sedimentation rate and fibrinogen

concentration will be assessed using standardized laboratory methods. All collected data will

be securely stored and managed using unique identification codes to ensure privacy.

Statistical analysis will be performed using SPSS software, with descriptive statistics

summarizing the data and inferential tests applied to examine associations between

occupational exposure and haematological or haemorheological changes.
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1.3. Justification of Study

Street cleaners in Benin City are routinely exposed to various environmental hazards such as

dust, vehicle emissions, biological waste, and toxic substances, all of which pose significant

health risks. Despite their critical role in maintaining public hygiene, the occupational health

of street cleaners is often neglected. Continuous exposure to pollutants and pathogens can

negatively affect their blood system, leading to potential haematological and

haemorrheological alterations. Evaluating these parameters among street cleaners is essential

to identify any subclinical health effects caused by their occupational exposure. This study

will provide evidence-based data on the health status of street cleaners and help inform

targeted interventions, routine medical surveillance, and policy recommendations aimed at

protecting the health of this vulnerable population.

1.4. Aim of Study

The aim of this study is to evaluate the hematological and haemorrheological changes in

street cleaners in Benin city.

1.5. Specific Objectives

1. To assess selected the haematological parameters of street cleaners in Benin City.

2. To determine the value of selected haemorheological parameters in street cleaners in

Benin City.

3. To compare the value of selected haematological and haemorheological parameters of

street cleaners with those of a control group.

4. To explore the correlation between haematological and haemorheological changes

among street cleaners.

1.6. Research Questions

1. Are the haematological parameters of street cleaners different from the unexposed

control group?
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2. Are the haemorrheological parameters of street cleaners different from the unexposed

control group?

3. Is there a correlation between haematological and haemorheological changes among

street cleaners?

1.7. Research Hypothesis

1.7.1. Null Hypothesis (H0)

There is no significant difference in haematological and haemorrheological parameters

between street cleaners and the control group in Benin City.

1.7.2. Alternate Hypothesis (HA)

There is a significant difference in haematological and haemorrheological parameters

between street cleaners and the control group in Benin City.
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CHAPTER TWO

LITERATURE REVIEW

2.1. Street Cleaners

Street cleaners, often referred to as sanitation workers, municipal sweepers, or environmental

health workers, are essential members of any urban workforce (Alie et al., 2023). They are

responsible for maintaining cleanliness in public spaces by removing litter, sweeping roads

and sidewalks, clearing gutters and drains, and ensuring that waste is properly collected and

disposed of (Van Kampen, 2020). Though their work is frequently overlooked, it plays a

central role in sustaining the health, safety, and functionality of cities. These workers are

typically employed by municipal authorities or contracted waste management companies, and

their duties can range from manual street sweeping and waste collection to operating street

cleaning machines and responding to environmental emergencies like blocked storm drains or

illegal waste dumping (Nyanza et al., 2024). The importance of street cleaners extends far

beyond simply keeping areas visually tidy. Their daily efforts directly impact urban sanitation

and public health by helping to reduce the accumulation of waste that can attract pests and

promote the spread of disease (Kabir et al., 2015). In densely populated areas, especially,

uncollected garbage and clogged drains can lead to major public health hazards such as

cholera, typhoid, malaria, and other vector-borne diseases (Tolera et al., 2023). By ensuring

streets and public areas remain free of refuse and debris, street cleaners help create healthier

living environments for all urban residents, especially those in overcrowded or underserved

communities where formal waste systems may be lacking or inconsistent (Kabir et al., 2015).



10

Figure 2.1. Street Cleaners (Kabir et al., 2015).
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2.1.1. Roles and Responsibilities of Street Cleaners

Street cleaners are essential to the smooth functioning of urban life, and their roles go far

beyond simply sweeping streets. On a daily basis, they are responsible for cleaning roads,

pavements, public markets, and communal spaces, ensuring these areas remain free from

litter, dust, and organic waste that can cause unpleasant odors or attract pests (Benito et al.,

2021). This routine cleaning helps maintain a clean and visually appealing environment, but

it also plays a crucial role in preventing the spread of disease and reducing environmental

pollution (Van Kampen et al., 2020). Street cleaners also take on the task of waste collection

and segregation, often handling waste directly by collecting it in carts or bins and ensuring

that recyclables are properly separated from non-recyclables (Hughes et al., 2017). This

contributes significantly to local recycling efforts and efficient waste management systems.

Beyond these daily tasks, they are called upon during special occasions and emergencies

(Slutskaya et al., 2016). For example, during festive periods or public events, when large

crowds generate unusually high amounts of waste, street cleaners often work extended hours

to keep areas clean and safe. Similarly, after heavy rainfall, windstorms, or other

environmental events, they clear fallen leaves, branches, or debris to ensure that roads and

drains remain unobstructed (Mitchell et al., 2019).

2.1.2. Occupational Challenges of Street Cleaning

● Exposure to Dust, Waste, Infectious Materials: Street cleaners are constantly

exposed to various health hazards as part of their daily work. They handle

unsegregated waste, which may include sharp objects, rotting food, animal droppings,

medical refuse, and other potentially infectious materials (Van Kampen et al., 2020).

Prolonged exposure to dust and pollutants in high-traffic areas can also lead to

respiratory issues such as chronic bronchitis, asthma, and other lung conditions (Park

et al., 2020). Since many works without proper protective equipment like gloves,
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masks, or boots, they are at increased risk of contracting skin infections,

gastrointestinal diseases, and vector-borne illnesses. The lack of routine health check-

ups or vaccinations further increases their vulnerability, making this a serious but

often overlooked public health concern (Van Kampen et al., 2020).

● Physical Strain and Fatigue: Street cleaning is physically demanding and involves

long hours of bending, lifting, walking, and pushing heavy carts or bins, often under

harsh weather conditions. Workers may have to start early in the morning or work late

at night to avoid obstructing traffic and to cover more ground (Lessa et al., 2022). The

repetitive nature of these tasks puts immense strain on their muscles and joints,

especially the back, knees, and shoulders (Wahab and Ogunmola, 2014). Over time,

many street cleaners suffer from chronic pain, fatigue, or musculoskeletal injuries

without receiving adequate medical support or rest periods, affecting their overall

well-being and productivity (Lessa et al., 2022).

● Social Stigma and Low Public Recognition: Despite their essential contribution to

urban cleanliness and public health, street cleaners are often undervalued and socially

marginalized. Many people view the profession as “dirty” or low-status, leading to

discrimination or condescending attitudes. This social stigma can cause emotional

distress and a lack of self-worth among workers (Hughes et al., 2017). They rarely

receive appreciation or acknowledgement from the public or government authorities

for their efforts, especially during high-risk situations like post-disaster clean-ups or

health emergencies. The lack of social dignity not only affects their morale but also

discourages younger people from considering this important work (Van Kampen et al.,

2020).

● Inadequate Pay and Limited Access to Welfare Programs: Many street cleaners

earn low wages that do not match the intensity or risk level of their jobs. A large
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number are hired on a contract or casual basis, which means they lack job security,

pensions, health insurance, or paid leave (Park et al., 2020). Even in cases where

welfare schemes exist, bureaucratic hurdles or corruption often prevent workers from

accessing them (Ng et al., 2018). The absence of adequate financial compensation and

social protection leaves many street cleaners vulnerable to poverty, debt, and poor

living conditions. Their families are also affected, with limited access to education,

healthcare, or upward mobility (Deery et al., 2019).

2.2. Haemorheology

Hemorheology is the scientific study of the flow behavior and physical properties of blood

and its cellular elements as they move through the circulatory system. It explores key

parameters such as blood viscosity, red blood cell (RBC) deformability, RBC aggregation,

and platelet function, all of which are essential for maintaining adequate tissue perfusion and

oxygen delivery (Baskurt and Meiselman, 2003). A primary concept in hemorheology is

blood viscosity, which refers to the thickness of blood and its resistance to flow. When blood

viscosity increases beyond normal levels, it impedes flow through the microvasculature and

reduces oxygen delivery to tissues (Javadi and Jamali, 2021). Equally important is RBC

deformability. Under physiological conditions, RBCs are highly flexible, allowing them to

traverse narrow capillaries. A reduction in deformability leads to impaired microcirculation

and diminished tissue oxygenation (Baskurt, 2007).

RBC aggregation, particularly under low shear stress, can increase flow resistance and

contribute to sluggish circulation. This aggregation may exacerbate vascular complications in

inflammatory and metabolic diseases (Trejo et al., 2022). Platelets also influence blood flow

by their aggregation and activation. While necessary for haemostasis, excessive platelet

activity may promote thrombosis and impair perfusion. Several physiological and

pathological factors affect hemorheological properties (Wang and Zennadi, 2020). These
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include haematocrit levels, plasma protein composition, temperature, pH, and the presence of

systemic inflammation. Hemorheological abnormalities are frequently observed in conditions

such as diabetes mellitus, hypertension, and atherosclerosis, and they contribute significantly

to cardiovascular morbidity and mortality (Lo Presti et al., 2014).

2.2.1. Haemorrheological Response

Haemorrheological response refers to the changes in the flow properties of blood in response

to various physiological or pathological conditions. These responses can occur due to

alterations in blood viscosity, flow resistance, or other factors that influence blood flow

(Nadar et al., 2019).

1. Inflammatory conditions are known to cause alterations in haemorrheological

properties. This is due to the action of inflammatory mediators and the clumping of

red blood cells, which increase blood viscosity. Thus, blood flow may be hindered,

potentially worsening the course of inflammatory disorders (Wright and Frier, 2008).

2. Hemodilution: Hemodilution involves a reduction in blood viscosity resulting from

either an expansion in plasma volume or a decrease in red blood cell concentration.

This effect is commonly seen during medical treatments like fluid replacement or

transfusions. The purpose is to enhance circulation by lowering blood viscosity and

reducing resistance to flow (Crystal et al., 2014).

3. Exercise: Engaging in physical activity triggers haemorrheological changes to support

the heightened demand for oxygen and nutrients. This includes increased blood

circulation and dilation of blood vessels within the working muscles. Such adaptations

promote effective oxygen transport and waste removal. Moreover, exercise can cause

a temporary drop in blood viscosity, which further supports efficient circulation and

cardiovascular performance (Ivanov, 2022).
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4. Hyper viscosity syndrome: Medical disorders like polycythemia and multiple

myeloma can result in a condition known as hyper viscosity syndrome, where blood

becomes abnormally thick due to elevated red blood cell levels or the presence of

atypical plasma proteins. This condition disrupts normal blood flow and may manifest

with symptoms such as dizziness and fatigue (Caimi and Carlisi, 2023).

5. Ischemia and reperfusion injury: Ischemia occurs when a tissue or organ receives

insufficient blood supply, often leading to tissue injury. Once circulation is restored

haemorrheological disturbances can arise. These include alterations in blood flow

characteristics, an increase in viscosity, and the generation of reactive oxygen species,

all of which may contribute to additional cellular damage (Kalogeris et al., 2016).

2.2.2. Factors Affecting Blood Viscosity

2.2.2.1. Shear Rate

Shear rate, defined as the rate at which adjacent layers of fluid move with respect to each

other, is one of the most significant determinants of blood viscosity. Blood is a non-

Newtonian fluid, meaning its viscosity is not constant and varies with shear rate (Schmid,

2019). At low shear rates, such as during diastole or in venous circulation, red blood cells

(RBCs) tend to aggregate, forming rouleaux structures that increase resistance to flow and

raise blood viscosity. Conversely, at high shear rates, such as during systole or in arterioles

and capillaries, these aggregates are disrupted, and red blood cells deform and align with the

direction of flow, leading to a marked reduction in viscosity (Beris et al., 2021). This shear-

thinning property of blood is crucial for maintaining optimal tissue perfusion and preventing

vascular complications. Abnormalities in shear-dependent viscosity may contribute to the

pathogenesis of various circulatory disorders (Gogia and Neelamegham, 2015).

2.2.2.2. Temperature
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Temperature has a direct inverse relationship with blood viscosity. As temperature increases,

the viscosity of blood decreases due to reduced intermolecular forces and increased kinetic

energy of plasma and cellular elements, which enhances fluidity (Alexy et al., 2022). This is

why hypothermic conditions, such as during cold exposure or cardiac surgery with induced

hypothermia, can lead to a significant rise in blood viscosity, posing risks for microvascular

perfusion and clot formation (Elogail and Mekheimer, 2020). In contrast, fever or localized

inflammation may slightly lower blood viscosity, although the presence of inflammatory

proteins may counteract this effect (Alexy et al., 2022). Temperature-induced changes in

blood viscosity can impact oxygen delivery and capillary perfusion, making temperature

control a vital aspect of clinical care, especially in surgical settings (Koriko et al., 2024).

2.2.2.3. pH and Ionic Strength

Blood viscosity is also influenced by the pH and ionic strength of the plasma, which affect

the charge and interactions of plasma proteins and blood cells. Under physiological

conditions, red blood cells carry a net negative charge (zeta potential) that promotes

electrostatic repulsion and reduces aggregation (Rodrigues et al., 2022). A drop in pH

(acidosis) or alteration in ionic strength can reduce the zeta potential, promoting cell

aggregation and increasing viscosity. Furthermore, changes in ionic strength, such as

variations in sodium, calcium, or chloride concentrations, can influence plasma protein

conformation and fibrinogen levels, enhancing red cell aggregation and plasma viscosity (Ho

et al., 2018). These changes are particularly relevant in pathological states like metabolic

acidosis, dehydration, or electrolyte imbalance, where increased blood viscosity can

contribute to impaired tissue perfusion and organ dysfunction (Bychkova et al., 2022).

2.3. Erythrocyte Sedimentation Rate (ESR)

The Erythrocyte Sedimentation Rate (ESR) is a simple, inexpensive, and widely used

haematological test that provides insight into the presence and intensity of inflammation in
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the body. It measures the distance in millimeters that red blood cells (erythrocytes) fall or

settle in a vertical tube of anticoagulated blood over the course of one hour (Simeon et al.,

2024). Though it does not diagnose a specific disease, it serves as an indirect measure of the

acute-phase response and is particularly helpful in monitoring the progression or resolution of

inflammatory conditions (Lapic et al., 2020). The test is most valuable when used alongside

other clinical and laboratory findings, as it reflects general inflammation rather than

pinpointing a precise pathological process (Diamanti et al., 2025).

2.3.1. Principle and Mechanism of ESR

The ESR test operates on the principle of sedimentation, where red blood cells settle under

the influence of gravity when suspended in plasma. In healthy individuals, red blood cells

maintain a negative surface charge (zeta potential) which causes them to repel each other and

remain suspended in plasma (Kahar, 2022). However, in the presence of acute-phase

reactants, most notably fibrinogen and various immunoglobulins the zeta potential is reduced,

allowing red blood cells to stick together in stacks known as "rouleaux formations (Grover et

al., 2016)." These rouleaux are denser and sediment faster, resulting in a higher ESR reading.

Therefore, the test indirectly measures the level of inflammation by observing how rapidly

erythrocytes settle in a given period (Vassillieva et al., 2022).

2.3.2. Methodology and Procedure

The ESR is typically measured using one of two standard methods: the Westergren method or

the Wintrobe method (Hashemi et al., 2015). The Westergren method is considered the gold

standard due to its higher sensitivity. In this method, blood is mixed with an anticoagulant

(usually sodium citrate) and placed in a calibrated Westergren tube, which is allowed to stand

vertically undisturbed for 60 minutes. The distance that the red blood cells fall from the

plasma surface is then measured in millimeters (Schapkaitz et al., 2019). The Wintrobe

method, on the other hand, uses a shorter tube and undiluted blood, but is less sensitive and
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thus less commonly used in clinical practice today. Proper technique, room temperature, and

vertical positioning of the tube are crucial for accurate results (Quinn et al., 2016).

2.3.3. Factors Affecting ESR

Physiological and pathological factors can influence the ESR value. Physiologically, ESR

increases with age and is generally higher in females compared to males, especially during

menstruation and pregnancy due to elevated plasma proteins (Siemons et al., 2014). Anaemia

by lowers the viscosity of blood, thus accelerating sedimentation and increasing ESR.

However, conditions like polycythaemia vera, which involve an increased red blood cell mass,

slow down sedimentation and lower ESR (Nersesjan et al., 2020). Technical factors, such as

temperature, tube angle, and timing errors, can also alter ESR readings. It's essential that all

procedural steps be standardized to ensure valid results (Brun et al., 2018).

2.3.4. Clinical Significance of ESR

Although ESR is a non-specific test, it has significant clinical utility in the detection and

monitoring of inflammatory, infectious, and neoplastic conditions. For example, a markedly

elevated ESR is often observed in conditions such as temporal arteritis, polymyalgia

rheumatica, tuberculosis, rheumatoid arthritis, and systemic lupus erythematosus (Alharthi et

al., 2024). It is also used to monitor the activity of chronic diseases (rising levels may

indicate flare-ups, while declining levels may suggest a positive response to treatment). In

cancer patients, a persistently high ESR may suggest disease progression or metastasis (Ebner

et al., 2025). It is important to note that a normal ESR does not rule out serious pathology,

and an elevated ESR should always be interpreted in the clinical context (Kahar, 2022).

2.3.5. Limitations of ESR

Despite its usefulness, the ESR test has several limitations. Its major drawback is lack of

specificity as many unrelated conditions can cause elevated results, including infections,

autoimmune diseases, malignancies, and even physiological states like pregnancy (Orr et al.,
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2018). It is also a slow-reacting test; ESR may remain elevated for days or weeks even after

an inflammatory stimulus has resolved, reducing its utility in monitoring acute changes.

Moreover, the test can be falsely low in certain conditions such as extreme Leukocytosis or

sickle cell anaemia, where the shape of the red blood cells hinders rouleaux formation (Kratz

et al., 2017). Therefore, ESR should never be used as a standalone diagnostic tool but rather

with history, physical examination, and laboratory findings (Militello et al., 2020).

2.4. Fibrinogen

Fibrinogen is a vital blood plasma protein synthesized by the liver, playing a central role in

the body’s ability to form clots and control bleeding (Litinov et al., 2020). As a key

participant in the coagulation cascade, fibrinogen helps halt blood loss and initiates tissue

repair. When injury occurs to a blood vessel, it activates a chain of biochemical events that

ultimately transform fibrinogen into fibrin (Kohler et al., 2015). This transformation is driven

by the enzyme thrombin, which cleaves fibrinogen molecules to release fibrinopeptides. This

cleavage exposes binding sites that enable the formation of insoluble fibrin strands, which

interlace to form the structural meshwork of a blood clot (Vilar et al., 2020). These fibrin

threads trap platelets and blood cells, creating a firm and stable clot essential for sealing

wounds (Medved and Weisel, 2022). Fibrinogen concentrations in the bloodstream can shift

depending on physiological or pathological conditions. Elevated levels are often associated

with an increased likelihood of thrombosis, while reduced levels are seen in cases of liver

dysfunction, major haemorrhage, or inherited deficiencies (Moerloose et al., 2010).

Fibrinogen is routinely assessed in clinical practice to evaluate bleeding or clotting tendencies.

This is typically done using tests like the fibrinogen activity assay or antigen measurement to

determine both quantity and functional capacity (Mackie et al., 2024).
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2.4.1. Structure of Fibrinogen

Fibrinogen is a structurally intricate protein composed of six polypeptide chains arranged in

three distinct pairs: Aα, Bβ, and γ chains. Each chain plays a specific role in the clotting

process and contributes to the overall architecture of the fibrinogen molecule. The Aα chain,

the longest of the three, contains about 610 amino acids and is subdivided into multiple

regions, including an N-terminal segment, a coiled-coil region, a central portion, and a C-

terminal end. This chain is especially important in the formation and stabilization of fibrin

clots (Soria et al., 2019). The Bβ chain, made up of around 461 amino acids, also contains

several domains similar to those of the Aα chain and is essential for the proper assembly and

structure of the fibrin network (Wolberg, 2023; Nencini et al., 2024). The γ chain, the

shortest at approximately 411 amino acids, is less structurally complex but plays a pivotal

role in linking fibrin strands side-by-side during clot maturation (Sovová et al., 2020). These

three pairs of chains are joined through disulphide bonds, forming a symmetrical, rod-shaped

molecule (Soria et al., 2019). The Aα and Bβ chains are joined at their C-terminal ends to

form dimeric units, and these units are further connected via disulphide bridges in the central

region of the molecule, completing the dimeric structure (Mosesson, 2005). During blood

clotting, thrombin enzymatically cleaves specific sites on the Aα and Bβ chains, releasing

fibrinopeptides and converting fibrinogen into fibrin monomers. These monomers then self-

assemble into a three-dimensional fibrin matrix, with the γ chains facilitating the side-to-side

linkage of fibrin strands. This cross-linking process results in the formation of a strong, stable

fibrin network that underpins the integrity of a mature blood clot (Mosesson, 2005).

2.4.2. Fibrinogen and Haemorheology

Fibrinogen, a soluble protein present in blood plasma, can function as a valuable

hemorheological biomarker under certain conditions. Beyond its well-known role in the

coagulation cascade as the precursor to fibrin, which forms the backbone of blood clots,
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fibrinogen also influences the physical properties of blood before clotting even occurs (Singh

et al., 2025). In its soluble state, fibrinogen can increase blood viscosity, which refers to the

thickness or resistance of blood to flow (Kell et al., 2022). When fibrinogen levels are

elevated, the resulting rise in viscosity may hinder circulation and elevate the risk of

thrombotic events (Zuliani and Midwood, 2015). Fibrinogen also serves as a linking agent

that encourages red blood cells (RBCs) to clump together. This aggregation alters the fluid

dynamics of blood, increasing viscosity and potentially disrupting microvascular flow

(Weisel, 2005). Furthermore, elevated fibrinogen levels have been connected to endothelial

dysfunction, which is an impairment in the function of the vascular lining. This dysfunction

contributes to abnormal blood flow regulation and favours conditions that promote clot

formation, thereby affecting hemorheological balance (Ellins et al., 2017). Tracking

fibrinogen concentrations in the bloodstream can yield important insights into an individual's

hemorheological profile. High fibrinogen levels have been linked to various cardiovascular

and inflammatory disorders such as hypertension, systemic inflammation, and atherosclerosis.

Therefore, measuring fibrinogen may help in evaluating thrombotic risk, anticipating

cardiovascular events, and monitoring disease development or treatment effectiveness

(Kressel et al., 2009).

2.4.3. Fibrinogen and Inflammation

A growing body of scientific evidence emphasizes the important role that fibrinogen and its

degradation products play in regulating inflammation in various tissues (Adams et al., 2007).

Increased levels of fibrinogen in the bloodstream, even before it moves out of the vessels into

surrounding tissues, are recognized as indicators of a proinflammatory condition. These

elevated levels are also considered early warning signs for the development of vascular

inflammatory diseases such as hypertension and atherosclerosis (Makris et al., 2018).

Similarly, high concentrations of fibrin breakdown products, such as D-dimer, are widely
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used in clinical settings as markers of inflammation. They are also indicators of increased

clotting activity and help in predicting the likelihood of thrombotic complications (Greaves

and Pula, 2025). Furthermore, peptides that are released during fibrin formation, including

fibrinopeptide B, which is cleaved from fibrinogen by thrombin, can act as chemical signals

that attract immune cells like leukocytes. These peptides can directly influence inflammatory

responses (Hasselbalch et al., 2023). In many cases, the inflammatory actions of fibrinogen

and its fragments are linked to their ability to interact with and activate various immune cells

through specific receptor-ligand interactions (Zapata et al., 2022). Importantly, these

inflammatory processes occur through molecular binding sites that are different from those

used in the blood clotting pathway (Hasselbalch et al., 2023).

2.4.4. Fibrinogen as an Acute Phase Protein

Fibrinogen is classified as an acute-phase protein and plays a significant role in the body’s

defense mechanisms during inflammation and tissue damage (Obeagu et al., 2022). Acute-

phase proteins are a group of plasma proteins whose concentrations fluctuate in response to

systemic disturbances such as infection, trauma, or inflammation. These proteins are

primarily produced in the liver and form a part of the innate immune system’s early response

to harm (Hayakawa, 2017). When the body encounters infection or injury, it initiates a rapid

and coordinated defense known as the acute-phase response. During this process,

inflammatory mediators such as cytokines are released in response to harmful stimuli.

Among these cytokines, interleukin-6 (IL-6) plays a central role in triggering the production

of acute-phase proteins (Obeagu et al., 2022). IL-6 stimulates liver cells, known as

hepatocytes, to increase the synthesis and release of fibrinogen into the bloodstream. This rise

in fibrinogen levels contributes to several protective functions during periods of inflammation

and tissue repair (Zhuo et al., 2016). A major role of fibrinogen in this response is its

involvement in blood clot formation. As a precursor to fibrin, fibrinogen is transformed into
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an insoluble protein by the enzyme thrombin when injury occurs (Smith et al., 2015). The

resulting fibrin threads form a web-like structure that stops bleeding and supports tissue

healing (Hulshof et al., 2021). Beyond its role in coagulation, fibrinogen also contributes to

immune activity during inflammation. It provides a structural platform that assists immune

cells in reaching the site of infection or injury. By interacting with various immune

components, fibrinogen influences immune cell behavior and enhances the inflammatory

response (Smith et al., 2015). Clinically, measuring fibrinogen levels can offer useful

information about inflammatory activity in the body. When combined with other markers

such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR), elevated

fibrinogen levels can help detect inflammation and assess its severity. Tracking changes in

fibrinogen concentration over time is also helpful in evaluating the progression of

inflammatory conditions or monitoring the effectiveness of treatment (Kattula et al., 2017).

2.4.5. Fibrinogen to Platelet Ratio

The fibrinogen-to-platelet ratio (FPR) has emerged as a possible hemorheological indicator in

certain clinical contexts. This ratio combines the levels of fibrinogen and platelet count to

reflect the interaction between clotting activity and platelet function, both of which impact

blood flow properties (Lin et al., 2021). The concept behind using FPR as a biomarker is

based on the critical relationship between fibrinogen and platelets in maintaining haemostasis

and regulating circulation. An elevated FPR has been linked to a higher risk of cardiovascular

complications, including heart attacks and strokes, and may indicate underlying inflammation

and a greater likelihood of thrombosis in such conditions (Zhuo et al., 2016). Additionally,

FPR has been studied in the context of inflammatory diseases like rheumatoid arthritis and

systemic lupus erythematosus, where both fibrinogen levels and platelet activity tend to be

increased. In these cases, the FPR may offer insight into disease severity and the potential for

vascular problems (Hulshof et al., 2021).
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2.5. Haemorrheological Alterations in Disease States

2.5.1. Cardiovascular Diseases

In cardiovascular diseases such as hypertension and atherosclerosis, haemorrheological

properties of blood are often significantly altered. Increased blood viscosity can result from

elevated haematocrit levels, reduced red blood cell deformability, and increased plasma

fibrinogen. These changes increase resistance to blood flow, contributing to higher vascular

pressure and potentially impairing tissue perfusion (Valeanu et al., 2020). In atherosclerosis,

the thickened arterial walls and narrowed vessels further exacerbate these issues, making

blood flow more turbulent and inefficient. This adds strain to the heart and can accelerate the

progression of vascular damage (Roy and Chakraborty, 2024).

2.5.2. Diabetes mellitus

Diabetes mellitus is associated with multiple haemorrheological abnormalities, including

increased blood and plasma viscosity, elevated levels of fibrinogen, and impaired red blood

cell deformability. Hyperglycaemia can lead to glycation of plasma proteins and membrane

structures, reducing the flexibility of red blood cells and promoting aggregation. These

changes hinder microcirculatory flow and oxygen delivery to tissues, which contributes to

diabetic complications such as retinopathy, nephropathy, and peripheral vascular disease.

Insulin resistance and chronic inflammation also play a role in these haemorrheological

disturbances (Obeagu, 2024).

2.5.3. Sickle Cell Disease

Sickle cell disease is a classic example of a condition where blood rheology is severely

compromised. The abnormal haemoglobin in sickle cells causes red blood cells to become

rigid and crescent-shaped under deoxygenated conditions. These misshapen cells are less

deformable, more adhesive, and prone to forming aggregates that obstruct capillaries (Nader

et al., 2019). As a result, blood viscosity can be unpredictably elevated during crises, leading



25

to ischemia, pain episodes, and organ damage. Chronic haemolysis and inflammation further

disrupt the rheological balance, creating a vicious cycle of vascular injury (Lu et al., 2020).

2.5.4. Inflammatory and Infectious Conditions

In various inflammatory and infectious diseases, changes in blood rheology are commonly

observed. During inflammation, the release of cytokines increases the concentration of acute-

phase reactants such as fibrinogen and C-reactive protein. These proteins elevate plasma

viscosity and promote red blood cell aggregation (Grover et al., 2016). Infections may also

stimulate white blood cell proliferation and alter red blood cell morphology, further affecting

flow characteristics. These changes can impair microvascular perfusion and exacerbate tissue

hypoxia, which complicates recovery and increases the risk of organ dysfunction (Grover et

al., 2016).

2.5.5. Cancer

Cancer can induce profound haemorrheological changes due to both the disease itself and the

effects of treatments such as chemotherapy. Tumors often secrete pro-inflammatory

cytokines and clotting factors, which elevate plasma viscosity and fibrinogen levels (Kaur et

al., 2022). Cancer cells may also disrupt the normal balance of blood components by

invading bone marrow or stimulating the production of abnormal cells. Increased blood

viscosity and coagulability raise the risk of thromboembolic events, which are common

complications in many types of malignancy (Ositadinma et al., 2015).

2.5.6. Stroke and cerebrovascular disorders

In stroke and related cerebrovascular disorders, blood rheology plays a key role in

determining the extent of damage and recovery potential. Increased blood viscosity,

especially when combined with reduced red blood cell deformability, can compromise

cerebral perfusion. This is particularly critical in ischemic stroke, where adequate oxygen

delivery is already impaired. Elevated fibrinogen levels and platelet aggregation may promote
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clot formation, while sluggish microcirculatory flow can prolong ischemic injury (Song et al.,

2017).

2.6. Haematological Parameters

Blood is a crucial circulatory tissue consisting of cells suspended in plasma, and it plays a

fundamental role in maintaining the body's internal stability (Isaac et al., 2013).

Haematological parameters, which include red blood cells and their indices, white blood cells,

and platelets, are measurable elements that originate from haematopoietic stem cells. At birth,

the bone marrow is highly active in producing these blood cells. However, as a person grows

older, the marrow gradually transforms into fatty tissue, which can influence blood cell

production and related parameters. Monitoring these haematological values is essential

because they provide important information about the immune system. They also assist in

making informed treatment decisions and in tracking both disease progression and response

to therapy, which contributes to effective patient management (Azuonwu et al., 2017).

2.6.1 Red blood cells

Erythrocytes, or red blood cells, are the primary cellular component of blood and are noted

for their flexible, biconcave shape (Fischbach, 2003). This unique shape increases their

surface area, allowing for effective oxygen delivery to various tissues and organs throughout

the body. The average human body contains around 5 liters of blood, with red blood cells

making up about 2 liters of this volume (Fischbach, 2003). Each litre of blood typically

contains approximately 5 trillion red blood cells, although this number can vary based on

factors such as health status, age, and sex. These cells are produced in the bone marrow and

usually remain in circulation for about 120 days before being removed and replaced by newly

formed erythrocytes (Cheesbrough, 2006).
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Figure 2.2. Red Blood Cell Structure (Isaac et al., 2013).
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2.6.2 Packed cell volume (PCV)

Packed cell volume, also referred to as haematocrit (HCT) or erythrocyte volume fraction

(EVF), represents the proportion of red blood cells in the blood expressed as a percentage.

PCV plays an essential role in the transport of oxygen and nutrients absorbed by the body.

The normal PCV range is 40 to 52 percent for males and 36 to 48 percent for females

(Hoffbrand et al., 2016).

2.6.3 Haemoglobin

Haemoglobin is an iron-containing metalloprotein present in red blood cells responsible for

carrying oxygen. It imparts the red color to the cells (Fischbach, 2003) and primarily

functions to deliver oxygen to body tissues while transporting carbon dioxide back from the

tissues to the lungs (Hoffbrand et al., 2016). Normal range of Haemoglobin in males is 135-

175g/L and females 115-155g/L (Hoffbrand et al., 2016).

2.6.4 Platelets

Platelets, also known as thrombocytes, are the smallest blood cells. They lack a nucleus and

have a circular, flattened disk-like shape. Platelets are vital for blood clotting, preserving the

integrity of blood vessels, and aiding in vasoconstriction. Their average lifespan is about 7.5

days. Platelet count is an important component of the coagulation profile (Fischbach, 2003).

Normal platelets count in adult is 140-400 × 109 /L

Children: 150-450 × 109 /L (Fischbach, 2003).

2.6.4.1. Mean Platelet Volume (MPV)

Mean platelet volume (MPV) is a key haematological measurement that reflects the average

size and size variation within a population of platelets in the blood. It provides insight into

the uniformity or diversity of platelet sizes, which can be an important indicator of platelet

production and activity (Fischbach, 2003). MPV is particularly useful in the clinical setting

for helping to differentiate among various causes of thrombocytopenia, a condition
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characterized by a low platelet count. Changes in MPV can suggest whether

thrombocytopenia results from decreased platelet production in the bone marrow, increased

destruction or consumption of platelets, or other underlying disorders (Hoffbrand et al., 2016).

Mean platelet volume: Adults: 7.4- 10.4fL, Children: 7.4-10.4fL (Fischbach, 2003).

2.6.5. Red Cell Indices

2.6.5.1. Mean Cell Haemoglobin Concentration (MCHC)

The mean cell haemoglobin concentration gives the concentration of Haemoglobin in g/l of

packed red cells. It is calculated from the haemoglobin (Hb) and PCV as follows:

MCHC (g/l) =
(����������� �� �/100� �� � �� �����) �100 �/�

������ �� ������ �����/100�� �� �����.

Normal range for MCHC is between 315-360g/l (Cheesbrough, 2006).

Low MCHC values are associated with iron deficiency anaemia, thalassemia trait, while

increase MCHC is associated marked spherocytosis which is rare (Cheesbrough, 2006).

2.6.5.2. Mean Cell Volume (MCV)

The mean red cell volume (MCV) provides information on red cell size. It is measured in

femtolitres (fl) and is determined from PCV and obtained RBC count. It can be calculated as

MCV =
(������ �� ������ �����/100 �� �� �����) ��

��� ����� ���� ����� �� ��������/��
(fl)

Normal range is between 80-98fl low MCV values is found in microcytic anaemias such as

iron deficiency anaemia, anaemia of chronic disease and thalassaemia while increased MCV

value is found in macrocytic anaemia, marked reticulocytosis, and chronic alcoholism

(Cheesbrough, 2006).

2.6.5.3. Mean Cell Haemoglobin (MCH)

The MCH gives the amount of haemoglobin in pictograms (pg) in an average red cell. It is

calculated from the obtained haemoglobin and RBC count.

Normal range is 27-34 pg (Hoffbrand et al., 2016).
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MCH =
(����������� �� �/100�� �� ����� )��/����

��� ����� ���� ������ �� ��������/��.

2.6.5.4. Red Cell Distribution Width (RDW)

The red cell distribution width is used to assess the degree of anisocytosis (abnormal

fluctuation in size of red blood cells). The measurement can be utilised in the evaluation of

various haematological illnesses and in monitoring response to treatment. Normal range is

between 11.5-14.5 coefficients of variation (CV) of red cell size (Fischbach, 2003).

2.6.6. White Blood Cells (WBCs) Count

White blood cells, also called leukocytes, play a crucial role in the immune system by

supporting both innate and adaptive immunity (Iwasaki and Medzhitov, 2015). The total

white blood cell (WBC) count measures the number of different types of leukocytes in one

milliliter of blood, including neutrophils, lymphocytes, monocytes, eosinophils, basophils, as

well as immature or abnormal cells (Hoffbrand et al., 2016). An increased WBC count,

referred to as leucocytosis, can result from a variety of benign or serious conditions. In cases

of elevated WBC levels, further investigations such as detailed differential counts,

examination of blood smears, and consideration of clinical information are essential to

determine the underlying cause (Chabot-Richards and George, 2014). On the other hand, a

reduced WBC count, known as leukopenia, can occur in multiple diseases and requires

careful differential and morphological evaluation to identify which specific cell types are

affected and to detect any abnormal cells (Fischbach, 2003). Normal WBC levels range from

4,500 to 11,000 cells per microliter (4.5 to 11.0 × 10^9/L) (Chabot-Richards and George,

2015). The differential count assesses the proportion of each type of white blood cell

(Chesbrough, 2006).
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2.3.6.1. Lymphocytes

Lymphocytes are a category of white blood cells that play a crucial role in the body’s specific

immune defense against infections and foreign substances (Hoffbrand et al., 2016). In adults,

they represent roughly 20 to 40 percent of the total white blood cell population. These cells

circulate in the bloodstream and are densely located in lymphoid tissues like the spleen,

tonsils, and lymph nodes, which serve as primary sites for immune activation. Acting as

immune-competent cells, lymphocytes work together with phagocytes to defend the body

against infectious agents and harmful substances. The immune functions of lymphocytes

mainly involve two primary types: B cells and T cells. B cells mature within the bone marrow

and travel through the blood, while T cells originate from precursor cells that migrate to the

thymus, where they mature (Hoffbrand et al., 2016). Another important group of

lymphocytes is the natural killer (NK) cells. These cells are larger, contain cytoplasmic

granules, and typically display surface markers such as CD16, CD56, and CD57. NK cells

specialize in identifying and eliminating cells with decreased expression of HLA class

molecules, including those infected by viruses or undergoing malignant transformation

(Hoffbrand et al., 2006). Reference range; Adults and Children: 20% to 40% of total white

blood cells (Ficshbach, 2003).

2.3.6.2. Monocytes

Monocytes are the largest cells found in the bloodstream, with a diameter of approximately

15 to 18 micrometers, and they constitute about 7 percent of the total white blood cell count.

Their nuclei are relatively large and usually exhibit an indented or folded shape rather than

being multilobed. These cells are highly mobile and have the ability to engulf particles

through phagocytosis. The cytoplasm of monocytes contains numerous small vacuoles,

giving it a characteristic ground-glass texture (Fischbach, 2003). Although monocytes can

ingest pathogens and large debris, they do not replace neutrophils in the primary role of
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bacterial destruction. Instead, monocytes typically move into inflamed tissues following

granulocytes and are commonly present in areas of chronic infection (Thiele et al., 2001).

Reference range; Adults and Children: 2% to 8% of total white blood cells (Ficshbach, 2003).
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Figure 2.3. Structure of Lymphocyte and Monocyte (Sun et al., 2021).



34

2.6.6.3. Neutrophils

Neutrophils are a type of white blood cell that can be identified microscopically due to their

staining affinity for neutral dyes. They are essential in the body’s immune defense by

targeting and destroying harmful microorganisms. Neutrophils constitute between 50 and 80

percent of the total white blood cell count and usually measure between 9 and 15

micrometers in diameter. These cells rapidly migrate to sites where infection or tissue injury

has occurred. An elevated neutrophil count is referred to as neutrophilia, while a reduced

count is known as neutropenia (Hoffbrand et al., 2016). Reference range; Adults: 40% to

60% of total white blood cells, Children: 25% to 40% of total white blood cells (Ficshbach,

2003).

2.3.6.4. Eosinophils

Eosinophils are white blood cells classified as granulocytes, involved in protecting the body

against infections, allergic reactions, and inflammatory processes. They contain large,

uniformly sized cytoplasmic granules that stain bright red with eosin dye (Hoffbrand et al.,

2016). Produced in the bone marrow, eosinophils enter the bloodstream before migrating into

various tissues, especially those associated with the respiratory system, gastrointestinal tract,

and skin. These cells carry approximately one-third of the body’s total histamine and play a

significant role in allergic responses and defense against parasitic infections (Fischbach,

2003). Normal range of eosinophils is 0-0.7 x 109/L.

2.3.6.5. Basophils

Basophils are another type of white blood cell and granulocyte that participate in immune

responses to allergens and parasitic infections (Yamanishi et al., 2017). They are notable for

their numerous dark cytoplasmic granules, which often conceal the nucleus. These granules

contain substances such as heparin and histamine, which are important in allergic and

inflammatory reactions. Basophils show strong binding to basic dyes during histological
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staining and play a crucial role in hypersensitivity reactions. They are the rarest granulocytes,

comprising less than one percent of the total white blood cell population (Hoffbrand et al.,

2016). Normal range for basophils is 0.02-0.05 x 109/L (Fischbach, 2003).

Differential: 0%-1.0% of total white blood cell count (Fischbach, 2003).
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Figure 2.4. Structure of Neutrophil, Eosinophil and Basophils (Siemińska et al., 2021).
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CHAPTER THREE

MATERIALS AND METHODS

3.1. Study Area

The study was conducted in Benin City, Edo State, Nigeria, focusing on street cleaners

operating in selected environs, including Uselu, Ugbowo, Oluku, Ekenwan, and their

surrounding areas. Benin City comprises three Local Government Areas; Egor, Oredo and

Ikpoba-Okha Local Government Areas respectively, with a population of 1,086,882 people.

Benin City is bounded to the west by Ovia North East Local Government Area and the North-

East by Uhunmwuode Local Government Area and South by Ethiope-West Local

Government Area of Delta State. Benin City is known for its dense urban population engaged

in various economic activities, including waste management and maintaining a serine

environs.

3.2. Study Population

The study population comprised of street cleaners working in the selected environs of Benin

City and the surrounding areas with the responsibility of maintaining clean streets, roads and

environment in general. A control group matched for age and gender but without

occupational exposure to street cleaning was recruited for comparative analysis.

3.3. Study Subjects

For the purpose of this study, a total of one hundred (100) adult street cleaners working in

Uselu, Ugbowo, Oluku, Ekenwan, and the surrounding environs of Benin City were recruited.

Only individuals who had been actively engaged in street cleaning for at least six months and

who voluntarily consented to participate were included in the study. Both male and female

street cleaners aged 18 years and above were considered eligible.
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3.4. Selection Criteria

3.4.1. Inclusion Criteria

1. Street cleaners aged 18 years and above working in Uselu, Ugbowo, Oluku, Ekenwan,

and the surrounding environs of Benin City.

2. Individuals who have been actively engaged in street cleaning for at least six months.

3. Street cleaners who voluntarily provide informed consent to participate in the study.

4. Workers who are apparently healthy and without a history of chronic hematological or

cardiovascular disorders.

3.4.2. Exclusion Criteria

1. Individuals below 18 years of age.

2. Street cleaners who have been employed for less than six months.

3. Workers with known chronic illnesses such as anemia, hypertension, diabetes, or

bleeding disorders that may affect hematological or haemorheological parameters.

4. Those who decline to provide consent or are unwilling to participate.

5. Individuals currently on medications that could influence blood parameters, such as

anticoagulants or hematopoietic drugs.

6. Pregnant or lactating women.

3.5. Sample Size Determination

Sample size was determined using single population proportion estimate considering the level

of significances at 5% and the prevalence of occupational hazard from street cleaning from a

previous study conducted which was 94% (Johnson and John, 2020).

The sample size for this study was obtained using Formula as described by (Daniel, 1999).

������ ���� =
�2 � (1 − �)

�2
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N = required sample size

Z = confidence level at 95% (standard value of 1.96)

P = Prevalence of occupational hazard from street cleaning (94% = 0.940)

D = margin of error at 5% (standard value = 0.05)

� =
1.962 × 0.940 (1 − 0.940)

0.052 = 87.

Minimum sample size calculated is 87. In order to account for non-response, 10% of the

sample size (i.e., 8.7) was added to the calculated sample size; this gave a sample size of 95.7,

which was approximated to 96 study subjects.

A total of 100 street cleaners were recruited for this study with 50 participants as study

control.

NOTE: Due to non-compliance from the street cleaners and time factor for this research, the

sample size was reduced to 50 for the street cleaners and 50 for the study control.

3.6. Ethical Approval

Ethical approval was sought and obtained from the Research and Ethics Committee of the

Ministry of health, Edo state. All necessary permissions were secured from relevant local

government authorities and waste management agencies prior to commencement of the study.

Informed consent was obtained from all study participants after a clear explanation of the

study objectives, procedures, and potential risks.

3.7. Method of Data collection

A well-structured questionnaire was used to collect sociodemographic information.

Additional information on occupational exposure was also obtained from the street cleaners.

Only participants who provided informed consent were included in the study.

3.8. Sampling Technique

Simple random sampling technique was used in selecting street cleaners randomly, in which

everyone who falls under this category would participate in this study.
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3.9. Sample Collection

Under aseptic conditions, approximately 7 milliliters of venous blood were collected from the

antecubital vein of each study participant using a sterile needle and syringe. Four milliliters

(4 ml) of the blood were dispensed into an ethylene diamine tetra-acetic acid (EDTA)

container for full blood count (FBC) and erythrocyte sedimentation rate (ESR) analysis. The

remaining 3 ml was dispensed into sodium citrate container and then centrifuged at 4000 rpm

for 5 minutes to separate the plasma. The plasma obtained was used for fibrinogen

determination. All samples were handled carefully to maintain integrity and prevent

hemolysis prior to laboratory analysis.

3.10. Laboratory Analysis

3.10.1. Full Blood Count

The Complete blood parameters were analysed immediately after sample collection using the

automated three parts ERMA Haematology Auto analyser PCE-210N (Diamond Diagnostic;

Holliston, USA). Calibration and standardization of the equipment, processing and analysis

of the samples were done strictly according to the manufacturer’s instructions.

3.10.1.1. Detection Principle of Autoanalyzer

The instrument counts and sizes the cells. It detects and measures changes in electrical

resistance when a particle (such as a cell) passes through a gem aperture sensor.

Sample was diluted in a conductive liquid. Each time a blood cell will pass through the

aperture a resistant signal will be generated because blood cells are bad conductors. When

cell goes through the aperture, the resistance increases with increase in cell volume.

According to the Ohm formulary: U=RI (U =Voltage I =Current R =Resistance). If I is

invariable, U is increased as cell volume increases. Treat by magnifying circuit, the voltage
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signal is amplified; background noise is removed, and receives the signal to analysis. WBC

and RBC/PLT are analysed by two different circuits. The MPU analyses and calculates the

cells, then gives the histograms. The count of PLT adopts an advanced liquid, electron and

soft system, which can settle the repetitive count of the cells. If RBC enters the analysis area,

they will have similar pulses with PLT.

3.10.1.2. Procedure

The whole blood was properly mixed and inserted into the probe. Then 20 µL of the blood

was aspirated into the instrument. The analysis was immediately done and the results

displayed on the screen after about 1-2 minutes, which was printed by the printer.

3.10.2. Erythrocyte Sedimentation Rate (ESR)

3.10.2.1. Principle

The erythrocyte sedimentation rate (ESR) measures the rate at which red blood cells settle at

the bottom of a vertical tube over a specified period, usually one hour. This process occurs

due to the aggregation of red blood cells in the presence of plasma proteins, particularly

fibrinogen and immunoglobulins. An increased ESR indicates the presence of inflammation,

infection, or other conditions affecting plasma composition and red blood cell properties.

3.10.2.2. Materials Used in Performing ESR

1. EDTA-anticoagulated blood sample

2. Westergren tubes

3. Sodium citrate solution

4. Rack for vertical placement of tubes

5. Pipette and tips

6. Timer or stopwatch
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3.10.2.3. Reagents Used

Sodium citrate solution was used as an anticoagulant to prevent clotting during the test. All

reagents were prepared according to standard laboratory protocols and stored under

recommended conditions to maintain effectiveness.

3.10.2.4. Procedure

1. The EDTA-anticoagulated blood sample was mixed gently to ensure homogeneity.

2. For ESR measurement using the Westergren method, 4 parts of blood were mixed

with 1 part of 3.8% sodium citrate solution (4:1 ratio) to prevent clotting.

3. The mixture was drawn into a Westergren tube up to the 200 mm mark and placed

vertically in a stand at room temperature without disturbance.

4. After one hour, the distance in millimeters that the red blood cells had fallen from the

top of the plasma column was measured.

5. The ESR value was recorded for each participant.

3.10.4. Fibrinogen Concentration – Clauss Method

3.10.4.1. Principle

The Clauss method measures plasma fibrinogen concentration based on the time it takes for a

clot to form when a high concentration of thrombin is added to diluted plasma. The clotting

time is inversely proportional to the fibrinogen concentration: shorter clotting times indicate

higher fibrinogen levels, while longer times indicate lower levels.

3.10.4.2. Materials Used

1. Citrated blood sample

2. Centrifuge

3. Pipettes and tips

4. Test tubes

5. Water bath or automated coagulometer (if available)
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6. Timer or stopwatch

7. Reagent: Thrombin solution

3.10.4.3. Reagents Used

The following reagents were used for the determination of plasma fibrinogen using the

Clauss method:

● Fibrinogen Reagent: Bovine thrombin, approximately 100 NIH U/mL, prepared in a

buffer containing stabilizers and preservatives.

● Imidazole Buffer: Imidazole buffer solution with stabilizers and preservatives, used

to dilute plasma samples to the required concentration.

3.10.4.5. Procedure

1. A sufficient volume of the thrombin reagent was brought to room temperature.

2. A 1:10 dilution of the plasma was prepared with imidazole buffer (25 μL plasma +

225 μL buffer).

3. 100 μL of the diluted plasma was added into a test tube.

4. The test tube was incubated at 37ºC for 2 minutes.

5. 50 μL of the thrombin reagent was added, and the timer was immediately started.

6. The clotting time was recorded.

7. Fibrinogen concentrations were reported in mg/dL and calculated from a calibration

curve using the master curve provided in the kit.

3.11. Statistical Analysis

Data obtained from this research was presented and analyzed using statistical package for

social sciences (SPSS) version 21.0 (IBM Inc. USA). Analysis of variance (ANOVA) was

used to compare means and results was expressed in means ± SEM. Differences was

considered to be statistically significant when the p value obtained is ≤0.05.
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CHAPTER FOUR

RESULTS

The mean age of the control group was 33.84 ± 4.21 years, while street cleaners were slightly

older with a mean age of 35.84 ± 8.09 years. In terms of age distribution, almost half of the

controls (48.0%) were between 21–30 years, whereas the largest proportion of street cleaners

(36.0%) were in the 31–40 years group. Males predominated in both groups, representing

80.0% of controls and 88.0% of street cleaners, with females accounting for 20.0% and

12.0%, respectively. Regarding marital status, half of the controls were single (50.0%)

compared to 30.0% of street cleaners, while marriage was more common among street

cleaners (66.0%) than controls (44.0%); small proportions in both groups were divorced, and

only the control group recorded widows (2.0%). Educational attainment varied across groups,

with more controls (56.0%) attaining tertiary education compared to street cleaners (26.0%),

while secondary education was most common among street cleaners (58.0%) and controls

(36.0%). Religion was dominated by Christianity in both groups, accounting for 80.0% of

controls and 92.0% of street cleaners; Islam was reported by 14.0% of controls and 8.0% of

street cleaners, while traditional religion was observed only among controls (6.0%) (Table

4.1).
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Table 4.1. Sociodemographic Parameters of Control Participants and Street Cleaners
Parameters Control (%)

(n=50)
Street Cleaners (%)

(n=50)
Mean Age Mean age= 33.84 ± 4.21 Mean age= 35.84 ± 8.09
Age (Years)
21-30 24 (48.0) 16 (32.0)
31-40 15 (30.0) 18 (36.0)
41-50 7 (14.0) 14 (28.0)
51-60 4 (8.0) 2 (4.0)
Gender
Male 40 (80.0) 44 (88.0)
Female 10 (20.0) 6 (12.0)
Marital Status
Single 25 (50.0) 15 (30.0)
Married 22 (44.0) 33 (66.0)
Divorced 2 (4.0) 2 (4.0)
Widowed 1 (2.0) 0 (0)
Education
None 0 (0) 0 (0)
Primary 4 (8.0) 8 (16.0)
Secondary 18 (36.0) 29 (58.0)
Tertiary 28 (56.0) 13 (26.0)
Religion
Christianity 40 (80.0) 46 (92.0)
Islam 7 (14.0) 4 (8.0)
Traditional 3 (6.0) 0 (0)
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Among the street cleaners, 20.0% had worked for less than 1 year, 40.0% for 1–5 years,

28.0% for 6–10 years, and 12.0% for more than 10 years, indicating that the majority had

between 1 and 5 years of work experience. In terms of daily working hours, most respondents

(68.0%) reported working 4–8 hours per day, while 24.0% worked less than 4 hours, and only

8.0% worked more than 8 hours daily. With respect to the number of working days per week,

60.0% of the street cleaners worked 3–5 days, 36.0% worked 6–7 days, and only 4.0%

worked fewer than 3 days. The use of personal protective equipment (PPE) varied, with

36.0% reporting that they always used PPE, 24.0% using it most times, 20.0% sometimes,

and smaller proportions using it rarely (10.0%) or never (10.0%). Notably, all respondents

(100.0%) reported having access to water and soap for handwashing (Table 4.2).
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Table 4.2. Occupational Information of Street Cleaners (n=50)
Questions Number Percentage
How long on the job?
<1 year   10 20.0
1–5 years 20 40.0
6–10 years 14 28.0
>10 years 6 12.0
How many hours per day?
<4 hours 12 24.0
4-8 hours 34 68.0
>8 hours 4 8.0
How many days per week?
<3 days 2 4.0
3-5 days 30 60.0
6-7 days 18 36.0
How often PPE used?
Always 18 36.0
Most times 12 24.0
Sometimes 10 20.0
Rarely 5 10.0
Never 5 10.0
Access to water/soap for handwashing?
Yes 50 100.0
No 0 0
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Figure 4.1. Use or personal protective equipment by street cleaners.
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Figure 4.2. Type of wastes handled by street cleaners.
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The mean white blood cell (WBC) count was not significantly different street cleaners (5.25

± 0.18 ×10³/µL) compared to controls (5.37 ± 0.19 ×10³/µL, p = 0.110). Lymphocyte (LYM)

percentages were slightly lower in street cleaners (45.10 ± 1.01%) than in controls (47.11 ±

1.09%), but this difference was not statistically significant (p = 0.180). MID (%) and

granulocyte (GRAN) percentages showed no significant differences between the two groups

(p = 0.186 and p = 0.358, respectively). Red blood cell (RBC) counts were significantly

reduced in street cleaners (3.92 ± 0.07 ×10¹²/L) compared with controls (5.26 ± 0.08 ×10¹²/L,

p < 0.001). Haemoglobin (HGB) levels were significantly lower in street cleaners (11.45 ±

0.17 g/dL) than in controls (13.80 ± 0.26 g/dL, p < 0.001). Haematocrit (HCT) did not differ

significantly between groups (p = 0.462). Red cell indices showed marked differences. Street

cleaners had significantly higher mean corpuscular volume (MCV) (92.38 ± 0.91 fL vs. 69.89

± 0.67 fL, p < 0.001), mean corpuscular haemoglobin (MCH) (35.23 ± 0.36 pg vs. 21.75 ±

0.21 pg, p < 0.001), and mean corpuscular haemoglobin concentration (MCHC) (38.14 ± 0.17

g/dL vs. 31.21 ± 0.14 g/dL, p < 0.001). Red cell distribution width (RDW) was also

significantly elevated among street cleaners for both RDW-SD (52.91 ± 0.63 fL vs. 38.09 ±

0.36 fL, p < 0.001) and RDW-CV (17.71 ± 0.10% vs. 14.35 ± 0.12%, p < 0.001). Platelet

counts were markedly lower in street cleaners (151.64 ± 8.25 ×10³/µL) compared with

controls (328.58 ± 17.47 ×10³/µL, p < 0.001). Finally, mean platelet volume (MPV) was

significantly reduced in street cleaners (10.07 ± 0.11 fL) relative to controls (10.76 ± 0.15 fL,

p < 0.001) (Table 4.3).
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Table 4.3. Haematological Parameters of Control and Street Cleaners

Parameters Control
(n=50)

Street Cleaners
(n=50)

t p value

WBC (×103/µL) 5.37±0.19 5.25±0.18 -3.346 0.110

LYM (%) 47.11±1.09 45.10±1.01 1.351 0.180

MID (%) 8.90±0.32 9.45±0.26 1.332 0.186

GRAN (%) 43.98±1.18 45.44±1.06 0.923 0.358

RBC (10¹²/L) 5.26±0.08 3.92±0.07 13.082 <0.001

HGB (g/dL) 13.80±0.26 11.45±0.17 -8.119 <0.001

HCT (%) 36.60±0.48 36.05±0.57 0.738 0.462

MCV (fL) 69.89±0.67 92.38±0.91 -19.902 <0.001

MCH (pg) 21.75±0.21 35.23±0.36 -32.293 <0.001

MCHC (g/dL) 31.21±0.14 38.14±0.17 30.739 <0.001

RDW-SD (fL) 38.09±0.36 52.91±0.63 20.527 <0.001

RDW-CV (%) 14.35±0.12 17.71±0.10 -21.608 <0.001

PLT (×103/µL) 328.58±17.47 151.64±8.25 9.157 <0.001

MPV (fL) 10.76±0.15 10.07±0.11 3.690 <0.001

Values shown are Mean ± SEM, P<0.05 was considered statistically significant.
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Table 4.4. Effect Sizes of Differences in Haematological Parameters

Parameters Cohen’s d (Effect Size) 95% Confidence Interval

RBC (10¹²/L) 2.62 2.076, 3.149

HGB (g/dL) 1.62 2.074, 1.168

MCV (fL) -3.98 -4.657, -3.296

MCH (pg) -6.46 -7.440, -5.471

MCHC (g/dL) -6.15 -7.089, -5.200

RDW-SD (fL) -4.11 -4.797, -3.407

RDW-CV (%) -4.32 -5.038, -3598

PLT (×103/µL) 1.83 1.360, 2.296

MPV (fL) 0.74 0.331, 1.142

Note. Cohen’s d values are interpreted as follows: 0.20–0.49 = small effect, 0.50–0.79 =
moderate effect, and ≥0.80 = large effect. Negative values indicate lower mean values in
control compared to street cleaners, while positive values indicate higher mean values.
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The erythrocyte sedimentation rate (ESR) was significantly higher among street cleaners

(17.92 ± 1.50 mm/hr) compared with controls (5.78 ± 0.51 mm/hr, p < 0.001). Similarly,

fibrinogen concentration was markedly elevated in street cleaners (460.68 ± 14.88 mg/dL)

relative to controls (286.88 ± 6.83 mg/dL, p < 0.001) (Table 4.5).



54

Table 4.5. Fibrinogen Concentration and Erythrocyte Sedimentation Rate of Control
and Street Cleaners

Parameters Control

(n=50)

Street Cleaners

(n=50)

t p value

ESR (mm/hr) 5.78±0.51 17.92±1.50 -7.645 <0.001

Fibrinogen (mg/dL) 286.88±6.83 460.68±14.88 -10.619 <0.001

Values shown are Mean ± SEM, P<0.05 was considered statistically significant.
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Table 4.6. Effect Sizes of Differences in Fibrinogen Concentration and ESR

Parameters Cohen’s d (Effect Size) 95% Confidence Interval

ESR (mm/hr) -1.53 -1.972, -1.079

Fibrinogen (mg/dL) -2.12 -2.612, -1.629

Note. Cohen’s d values are interpreted as follows: 0.20–0.49 = small effect, 0.50–0.79 =
moderate effect, and ≥0.80 = large effect. Negative values indicate lower mean values in
control compared to street cleaners, while positive values indicate higher mean values.
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Figure 4.3. Chart showing White blood cell and red blood cell counts of control and street

cleaners.
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Figure 4.4. Chart showing differential counts of white blood cell of control and street cleaners.
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Figure 4.5. Chart showing haematocrit and haemoglobin concentration of control and street

cleaners.
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Figure 4.6. Chart showing MCV, MCH and MCHC of control and street cleaners.
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Figure 4.7. Chart showing RDW-SD, RDW-CV and MPV of control and street cleaners.
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Figure 4.8. Chart showing platelet count of control and street cleaners.
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Figure 4.9. Chart showing erythrocyte sedimentation rate of control and street cleaners.
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Figure 4.10. Chart showing fibrinogen concentration of control and street cleaners.
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RBC showed strong positive correlations with HGB (r = 0.79) and HCT (r = 0.77). HGB was

also strongly and positively correlated with HCT (r = 0.97). ESR had strong negative

correlations with RBC (r = –0.74), HGB (r = –0.83), and HCT (r = –0.83), while fibrinogen

was also negatively correlated with these same red cell parameters: RBC (r = –0.54), HGB (r

= –0.72), and HCT (r = –0.69). ESR and fibrinogen, however, were strongly and positively

correlated with each other (r = 0.91). Platelet count showed weak correlations with most

parameters. WBC did not show notable correlations with other parameters (Figure 4.11). The

p values of the correlation are shown in table 4.7.

Table 4.7. Correlations of some Haematological Parameters, Erythrocyte
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Sedimentation Rate and Fibrinogen Concentration

Parameter

s

WBC RBC HGB HCT PLT ESR Fibrinoge

n

WBC – 0.574 0.934 0.816 0.041 0.427 0.054

RBC 0.574 – <0.001 <0.001 0.105 <0.001 <0.001

HGB 0.934 <0.001 – <0.001 0.126 <0.001 <0.001

HCT 0.816 <0.001 <0.001 – 0.236 <0.001 <0.001

PLT 0.041 0.105 0.126 0.236 – 0.668 0.869

ESR 0.427 <0.001 <0.001 <0.001 0.668 – <0.001

Fibrinogen 0.054 <0.001 <0.001 <0.001 0.869 <0.001 –

Note. Two-tailed significance (p) values from Pearson’s correlations are reported.
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Figure 4.11. Correlation heatmap of some haematological parameters, erythrocyte

sedimentation rate and fibrinogen concentration. Note. Values shown are Pearson’s

correlation coefficients (r). Correlation coefficients (r) range from –1 to +1, where values

closer to +1 indicate a stronger positive relationship, values closer to –1 indicate a stronger

negative relationship, and values near 0 indicate little or no linear relationship.

Key: WBC=White Blood Cells, RBC=Red Blood Cells, HGB=Hemoglobin,

HCT=Hematocrit, PLT=Platelets, ESR=Erythrocyte Sedimentation Rate, FIB=Fibrinogen.
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FINDINGS

The findings from the study were as follows:

1. The mean white blood cell (WBC) count was not different among street cleaners

compared to controls.

2. The lymphocyte (LYM) percentages were slightly lower in street cleaners than in

controls but this difference was not statistically significant.

3. The MID (%) and granulocyte (GRAN) percentages showed no significant differences

between the two groups.

4. The red blood cell (RBC) counts were significantly reduced in street cleaners

compared with controls.

5. The haemoglobin (HGB) levels were significantly higher in control than in street

cleaners.

6. The haematocrit (HCT) did not differ significantly between the two groups.

7. The red cell indices showed marked differences, with street cleaners having

significantly higher mean corpuscular volume (MCV), mean corpuscular

haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC)

compared with controls.

8. The red cell distribution width (RDW) was significantly elevated among street

cleaners for both RDW-SD and RDW-CV.

9. The platelet counts were lower in street cleaners compared with controls.

10. The mean platelet volume (MPV) was significantly reduced in street cleaners relative

to controls.

11. The erythrocyte sedimentation rate (ESR) was significantly higher among street

cleaners compared with controls.
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12. The fibrinogen concentration was markedly elevated in street cleaners compared with

controls.

13. The RBC showed strong positive correlations with HGB and HCT.

14. The HGB was also strongly and positively correlated with HCT.

15. The ESR had strong negative correlations with RBC, HGB, and HCT.

16. The fibrinogen was negatively correlated with RBC, HGB, and HCT.

17. The ESR and fibrinogen were strongly and positively correlated with each other.

18. The platelet count showed weak correlations with most parameters.

19. The WBC did not show notable correlations with other parameters.
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CHAPTER FIVE

5.1. Discussion

This study evaluated haematological and haemorheological changes among street cleaners in

Benin City, with the aim of identifying potential occupational health risks associated with

exposure to environmental pollutants, physical exertion, and work-related stress. Street

cleaning is a physically demanding occupation that often involves exposure to dust, vehicular

emissions, biological wastes, and extreme weather conditions which are factors that have

been documented to have side effect in the body (Van Kampen et al., 2020).

In this study, the mean age of street cleaners (35.84 ± 8.09 years) shows that this occupation

is mainly taken up by individuals in their productive years, with most workers between 31–50

years. Similar studies have also reported that middle-aged adults dominate sanitation jobs due

to limited alternative employment opportunities in Nigeria (Aladejebi et al., 2025). Males

were more represented than females, reflecting the physically demanding nature of the job.

This agrees with findings from other studies on waste handlers and street sweepers (Yunoos

and Dankoly, 2021). Most street cleaners were married, suggesting family responsibilities as

a driving factor for taking up the work, similar to previous reports (Park et al., 2020).

Educationally, a majority had only secondary education, consistent with studies showing that

low educational attainment often leads to engagement in informal, high-risk occupations

(Solberg et al., 2021).

The occupational profile of street cleaners indicates substantial exposure to multiple health

risks. Prolonged years on the job and long daily working hours increase cumulative exposure

to dust, fumes, and hazardous wastes, which have been associated with respiratory problems

and infections in previous studies (Poole and Basu, 2017). Although access to water and soap

was universal, irregular use of PPE suggests gaps in occupational health compliance, likely

due to discomfort, inadequate supply, or lack of enforcement. Similar studies among
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sanitation workers in Nigeria and other developing countries have consistently reported poor

PPE adherence despite high exposure risks (Al-Bayati et al., 2023). The limited use of

essential gear such as goggles and overalls also increase vulnerability to injuries, chemical

irritants, and infections (Buhler et al., 2025).

In this study, white blood cell counts were not different in street cleaners compared to

controls. However, in comparison to other studies, elevations in WBC have been reported

among sanitation and waste handlers in both Nigeria and other countries (Tehrani et al., 2024;

Dauda et al., 2018), with authors attributing such increases to persistent antigenic stimulation

and chronic inflammation. Street cleaners had significantly lower RBC counts, yet their

haemoglobin concentrations were higher than those of the control group. This can be

explained by the observed changes in red cell indices. The significantly elevated MCV, MCH,

and MCHC indicate that the surviving erythrocytes are larger and contain more haemoglobin

per cell, consistent with macrocytosis and hyperchromia (Adewoyin et al., 2019). This

suggests that, in response to environmental stressors such as exhaust fumes and chemical

pollutants, the bone marrow may produce fewer but haemoglobin-rich red cells as a

compensatory mechanism to preserve oxygen transport (Scharf et al., 2020). Inhalation of

carbon monoxide from moving cars, in particular, leads to the formation of

carboxyhaemoglobin, which reduces oxygen delivery to tissues and stimulates erythropoietin

release, thereby enhancing haemoglobin synthesis (Piantadosi, 2019). At the same time,

oxidative stress and toxic exposures may accelerate red cell destruction or impair normal

erythropoiesis, contributing to the overall reduction in RBC numbers (Orrico et al., 2023).

The higher MCV, MCH, and MCHC values in street cleaners, coupled with the elevated

RDW can be explained by oxidative damage to red cell membranes, micronutrient

deficiencies such as folate or vitamin B12 deficiency, or impaired bone marrow function

(Tijjani et al., 2024) which are all conditions that are more common in low-income
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populations who often undertake street cleaning (Rakanita et al., 2020). Increased RDW has

been linked not only to anaemia but also to systemic inflammation and even higher

cardiovascular risk (Fava et al., 2019). Platelet parameters also showed significant alterations,

with street cleaners exhibiting both reduced platelet counts and reduced mean platelet volume

(MPV). This shows impaired platelet production, as smaller platelet size reflects reduced

bone marrow activity or toxic suppression of megakaryopoiesis. Chronic exposure to

environmental pollutants such as hydrocarbons and other toxicants may directly inhibit

platelet formation or damage progenitor cells in the bone marrow, leading to a simultaneous

decline in platelet number and size (Scharf et al., 2020).

Street cleaners demonstrated markedly elevated ESR and fibrinogen levels compared to

controls, both of which were statistically significant. Elevated ESR is a nonspecific marker of

inflammation and reflects the tendency of red blood cells to aggregate in the presence of

increased plasma proteins such as fibrinogen and globulins (Simeon et al., 2024). The

significantly higher fibrinogen concentration observed among street cleaners provides a direct

explanation for the rise in ESR, since fibrinogen promotes rouleaux formation and accelerates

erythrocyte sedimentation (Vijayaraghavan et al, 2022). Similar findings have been reported

in occupational groups with high exposure to dust and exhaust fumes, where persistent

environmental stressors triggered systemic inflammation and elevated acute-phase reactants

(Laleman et al., 2018; Rohleder, 2019). Chronic exposure to pollutants in the street cleaning

environment is therefore likely to induce a persistent low-grade inflammatory state,

stimulating hepatic synthesis of fibrinogen and other acute-phase proteins (Menzel et al.,

2021). Elevated fibrinogen not only drives higher ESR but also contributes to increased blood

viscosity and hypercoagulability (Nunns et al., 2017). These findings are consistent with

earlier reports linking stress to elevated fibrinogen and increased cardiovascular risk (Ellins et

al., 2017; Dabass et al., 2016). The strong positive correlations between RBC, HGB, and
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HCT reflect their close physiological relationship in determining oxygen-carrying capacity

(Chang et al., 2025). The negative correlations of ESR and fibrinogen with these red cell

parameters suggest that systemic inflammation and increased plasma protein levels may

suppress erythropoiesis or promote red cell destruction (Zivot et al., 2018). The strong

positive correlation between ESR and fibrinogen confirms fibrinogen’s role as a major driver

of red cell aggregation and sedimentation during inflammation (Saldanha and Silva-Herdade,

2018).
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5.2. Conclusion

This study indicates that street cleaners in Benin City experience some changes in their blood

parameters compared to controls. Although white blood cell counts showed no major

differences, street cleaners had lower red blood cell and platelet counts. Their red cell indices,

erythrocyte sedimentation rate, and fibrinogen levels were higher, suggesting changes in red

blood cells and increased inflammation. Overall, the results suggest that street cleaning may

affect blood health, highlighting the importance of regular health checks for street cleaners.
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5.3. Recommendations

1. Medical laboratory scientists should strengthen research on haematological and

inflammatory alterations observed among street cleaners, providing scientific

evidence that informs occupational health policies and interventions.

2. Routine laboratory-based medical check-ups, including haematological profiling and

biomarker monitoring, should be coordinated by medical laboratory scientists to

enable early detection and management of occupational health effects.

3. Medical laboratory scientists should collaborate with nutritionists to provide data-

driven nutritional support programs and health education, using laboratory findings to

address deficiencies and mitigate oxidative stress.

4. Provide street cleaners with adequate personal protective equipment (PPE), including

gloves, masks, boots, and overalls, and ensure consistent and correct use.

5. Reduce exposure to dust, fumes, and chemical pollutants through improved waste

management strategies and safer, well-structured work schedules.

6. Promote awareness of occupational risks and conduct training on safe handling of

hazardous materials and hygienic practices.
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5.4. Contribution to Knowledge

1. This study has been able to show significant alteration in both hematological and

haemorrheological parameters via RBC, platelet indices, and elevated

inflammatory markers.

2. The research establishes a clear link between chronic environmental exposures and

systemic inflammation, as reflected by elevated ESR and fibrinogen levels in street

cleaners.

3. Findings show the need to consider occupational exposure as a determinant of blood

health and potential cardiovascular risk in low-income urban workers.

4. The study contributes baseline data for future occupational health interventions,

policies, and longitudinal studies targeting sanitation workers in Nigeria and similar

settings.
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5.5. Limitations of Study

1. The study was cross-sectional, which limits the ability to establish causal relationships

between occupational exposures and haematological changes.

2. The sample size was relatively small (n=50 per group), which may affect the

generalizability of the findings to all street cleaners in Benin City or other regions.

3. The study relied on a single time-point measurement for haematological and

haemorrheological parameters, which may not reflect long-term or seasonal variations.
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APPENDIX II

QUESTIONNAIRE FOR STREET CLEANERS AND CONTROL GROUP IN BENIN
CITY

Research Topic: Evaluation of the Haematological and Haemorheological changes in street
cleaners in Benin City, Edo state.

SECTION A (SOCIODEMOGRAPHICS)

1. Age (in years): ______

2. Gender: ☐ Male ☐ Female

3. Marital Status: ☐ Single ☐ Married ☐ Divorced/Separated ☐ Widowed

4. Highest Educational Qualification: ☐ No formal education ☐ Primary   ☐

Secondary ☐ Tertiary

5. Religion: ☐ Christianity ☐ Islam ☐ Traditional 

SECTION B: OCCUPATIONAL INFORMATION (FOR STREET CLEANERS
ONLY)

1. If you are in the Control Group, please skip

2. Are you a street cleaner? ☐ Yes ☐ No (If no, end interview)

3. How long on the job? ☐ <1 year ☐ 1–5 years ☐ 6–10 years ☐ >10 years

4. How many hours per day? ☐ <4 hrs ☐ 4–8 hrs ☐ >8 hrs

5. How many days per week? ☐ <3 days ☐ 3–5 days ☐ 6–7 days

6. PPE used? (Tick all that apply) ☐ Gloves ☐ Face/Nose mask ☐

Goggles ☐ Boots ☐ Overalls ☐ None ☐ Other: ________

7. How often PPE used? ☐ Always ☐ Most times ☐ Sometimes ☐

Rarely ☐ Never

8. Types of waste handled? (Tick all that apply) ☐ Household ☐ Dust/Sand ☐

Industrial/Chemical ☐ Medical ☐ Animal ☐ Glass/Sharps ☐ Human

waste ☐ Other: ________

9. Access to water/soap for handwashing? ☐ Yes ☐ No ☐ Sometimes
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APPENDIX III

INFORMED CONSENT FORM

To the Participant:

I understand that my participation in this study is voluntary and I can withdraw at any time

without any penalty. I have read and understood the information provided about this study,

including the purpose of collecting blood samples for haematological and haemorheological

analysis.

I understand that the blood sample will be collected by a qualified health professional and

will be used solely for the purpose of this research. My personal information will be kept

confidential and my identity will not be revealed in any reports or publications.

[ ] I have read the above information and agree to provide a blood sample for this study.

[ ] I do not agree to provide a blood sample for this study.

Participant's Signature/Thumbprint: ______________________

Date: ___/___/___ (DD/MM/YYYY)

Interviewer's Name: ______________________

Interviewer's Signature: ______________________

Interviewer's Notes (Optional)

● Any difficulties encountered during the interview:

● Observations about the participant's general health or demeanour:

● Any additional relevant information:


