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Abstract 
 

BACKGROUND: Febrile seizure, which affects 2-5% of neurologically healthy children, is the most 

common type of seizure in children.  The seizures occur in the context of a global iron deficiency that stands 

out as the most common nutritional deficiency especially prevalent in developing countries. Studies carried 

out to determine the association between febrile seizures and iron deficiency anaemia have yielded 

contradictory results. 

OBJECTIVES: To evaluate the association, if any, between febrile seizures and hypochromic microcytic 

anaemia (iron deficiency anaemia). Hypochromic microcytic anaemia is a surrogate for iron deficiency 

anaemia. 

METHODS: This was a retrospective cross-sectional study. A study population consisting of 244 patients, 

admitted over the period of twelve months with infective febrile illnesses, was included in the study. The 

age group was between six months and five years. In addition, 55 of these patients had febrile illnesses 

complicating with febrile seizures while 189 had febrile illnesses without febrile seizures. All of the 

patients’ full blood counts (FBC) were used to determine if each had hypochromic microcytic anaemia. The 

following FBC parameters were used: haemoglobin (HB), mean corpuscular volume (MCV), mean 

corpuscular haemoglobin (MCH) and red cell distribution width (RDW). Chi-square and Fischer’s exact 

tests were conducted for statistical interpretation. Finally, a comparison of full blood count parameters 

between the children with febrile seizures and those without was made. 

RESULTS: The mean age of all patients included in the study was 17 months. The study had 153 male 

patients who constituted 62.7% of the study population. The majority of patients had lower respiratory tract 

infection. Full blood count parameters of patients with febrile seizures and those without febrile seizures 

were similar. There was no statistical significance between the two groups (p=0.826). 

CONCLUSION:  The results of the study, based on hypochromic microcytic anaemia used as surrogate 

for iron deficiency anaemia, showed no association between iron deficiency anaemia and febrile seizures. 
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This was due to the lack of difference between patient with febrile seizures and those without febrile 

seizures, with no statistical difference. 
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Definitions 
 

Anaemia                                             : A condition in which the number of red cells or 

haemoglobin concentration is lower than normal for 

age and gender. (1, 4) 

Iron                                                       : A trace element that is essential for life, which assists 

in many physiological processes such as DNA 

synthesis, forms part of haemoglobin that is essential 

for oxygen transport and energy production, and 

works as the cofactor in neuron’s metabolism 

amongst other functions. (2,3,5) 

Iron deficiency anaemia                  : Anaemia that is caused by a decrease in the 

production of haemoglobin due to insufficient iron in 

the body that can be due to inadequate intake or 

excessive loss. (4) 

Hypochromic microcytic anaemia : Anaemia in which the circulating red blood cells are 

smaller than the normal size and have decrease red 

colour. (2,4) 

Fever                                                 : An elevated body temperature of more than 37.5 

degrees Celsius. (3) 

Seizure                                               : A condition due to an abnormally excessive 

discharge of neuronal activity in the brain which 

results in signs and symptoms that include  loss of 
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both consciousness and generalised body 

movement.(2) 

Febrile seizure                                  : Seizure occurring in a child with fever  aged 6 months 

to 60 months who does not have an intracranial 

infection nor pathology, metabolic disturbance, and 

no history of afebrile seizure. (1) 

Infection                                             : An invasion and multiplication of microorganisms 

such as bacteria, viruses, and parasites that are not 

normally present in our body. (3) 

Acute febrile illness                                : An illness characterised by a rapid onset of fever. The 

most common illnesses presenting with fever are 

acute infections regardless of the location in the body. 

(1) 

Opinion room                                            : A room in paediatric ward of the Pelonomi Tertiary 

Hospital that functions as a referral unit for acute 

paediatric cases. Referred patients are examined here 

first and the decision made on whether the patient 

needs to be admitted to the paediatric ward or not. 

Meditech computer system             : The computer-based system used at the Pelonomi 

Tertiary Hospital to register patients and produce 

discharge summaries and inpatient department 

reports. 
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Full blood count                             : A test that counts all the cells, namely red blood cells, 

white blood cells and platelets, which make up the 

blood. (3) 
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1.  CHAPTER 1:  LITERATURE REVIEW 
 

1. Literature review 
 

1.1 Febrile seizure 
 

Febrile seizures occur in children with fever of greater than 38 degrees Celsius and without 

evidence of intracranial pathology (1). The following are the most important conditions to exclude 

before a diagnosis of febrile seizure is made: Central nervous system infection, head trauma, 

epilepsy, electrolytes imbalance, hypoglycaemia, drug use or drug withdrawal (1). Febrile seizures 

are the most common type of childhood seizures and affect 2-5% of neurologically healthy 

children between 6 months and 5 years (1, 13). Age of peak incidence is 18 months (1, 10, 11). Their 

high incidence and the fact that they tend to recur pose a great challenge in paediatric care. (1) The 

seizures affect children of lower socio-economic status more and this could be because of less 

access to healthcare services. (1) 

 

Febrile seizures are classified into simple and complex febrile seizures depending on physical 

characteristics, duration and their recurrence patterns (1). Simple febrile seizures are generalised 

tonic-clonic seizures that last less than 15 minutes (usually less than 5 minutes) (1). They are  

followed by brief postictal drowsiness and an  almost instant recovery (1, 13). Simple febrile seizures 

do not recur within 24 hours and have no postictal neurological abnormalities (1). Nonetheless, 

complex febrile seizures usually last more than 15 minutes (1, 2). They can be focal, prolonged, and 

or recur within 24 hours (1). They can also be associated with postictal neurological abnormalities 

(1, 2, 13). Furthermore, febrile status epilepticus is a severe form of complex febrile seizure that is 

characterised by prolonged or recurrent seizures without full regain of consciousness (1). It usually 

continues for more than 30 minutes (1). Loss of consciousness happens to both simple and complex 

febrile seizures (1). 
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The exact causes of febrile seizures are unknown (13). Some studies suggest that the causes are 

multifactorial with genetic and environmental factors playing major roles (1, 13). There is strong 

evidence, from genetics perspective that family history of febrile seizures plays a role in the 

seizures’ occurrence (1). The developing brain is thought to be vulnerable to the effects of fever 

and cytokines; hence, febrile seizures occur mostly in children less than the age of three years (1, 

13). In this age group, the brain is still at peak of maturation process and brain neurons are easily 

excitable (1). The deficiency of the following micronutrients has also been suggested as 

predisposing factors for febrile seizures: zinc, vitamin B 12, folic acid, selenium, calcium, 

magnesium and iron (1, 13). The common underlying factor is the vulnerability of the developing 

brain to the effects of fever and cytokines especially interleukin 1 and 6 (1, 13).   

 

Respiratory tract infection, especially upper respiratory tract infection, is the most common cause 

of febrile illness and  fever (1). About 80% of this infection is viral infection (1). The rest is usually 

due to a bacterial infection affecting the respiratory system, gastrointestinal system and other 

systems (1). Some studies have suggested that certain vaccines are associated with febrile seizure 

by causing fever (1). Examples of such vaccines include the pneumococcal and influenza vaccine 

(1, 13). Nevertheless, it  has been noted  that the risk of febrile seizures is minimal  (1). Some perinatal 

conditions that considered as risk factors for febrile seizures include intrauterine growth 

retardation (IUGR), prematurely born child, neonate treated with corticosteroids and prolonged 

stay in nursery (1, 13). 

 

Febrile seizures mostly occur during the first day of fever (1). Simple febrile seizures account for 

80-85% of all febrile seizures (1, 3). A typical  simple febrile seizure presents itself as a generalised 

tonic-clonic seizure and through a rolling back of the eyes with  loss of consciousness (1). Similar 

to other tonic-clonic seizures regardless of the cause, a child having a seizure may experience  

difficulty in breathing, cyanosis, pallor and foaming in the mouth (1). Febrile status epilepticus can 

also happen but it is not common (1, 13). This is when a seizure continues more than 30 minutes or 

is intermittent without regaining consciousness (1). Febrile status epilepticus has increased risk of 

neurological sequelae such as hippocampal abnormalities (1, 3). 
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Diagnosis is mainly clinical from history and physical examination (1). A detailed history should 

be taken to ascertain the presence of a fever and to find the source of the fever (1, 13). In most cases, 

the source of fever will be obvious from the history that include the child having a diarrhoea or 

coughing or a runny nose. If the source of the fever cannot be identified, depending on the age of 

the patient and the clinical status, it is recommended to do a full septic work up (13). Further inquiry 

must include family history of febrile seizures and a determination of  whether the immunisations 

are up to date (1, 13). All central nervous pathologies, such as any CNS trauma, history of epilepsy 

and neurodevelopmental issues, must be excluded from the history (1, 3). Clinical examination 

should be carried out to confirm what would have been found from the history and to exclude 

meningitis through the absence of meningism especially if a child is more than 12-18 months (1, 3). 

The important differentials to be excluded through history and clinical examination are as follows: 

rigors, febrile delirium, febrile syncope, breath holding spells, reflex anoxic seizures and evolving 

epileptic syndromes (13).                                                   

  

No investigations are usually necessary (1, 3, 13). If there is a suspicion of other causes of a seizure, 

the necessary investigations are done and individualised (1). The initial tests include full blood 

counts (FBC), urea, electrolytes and creatinine (UEC), calcium, magnesium and phosphate (CMP) 

and glucose (1, 13).  A lumber puncture (LP) is also done to exclude meningitis, especially in 

children less than 12 months of age, or if meningitis cannot be excluded clinically (1). LP is 

individualised in those more than 12 months of age (1). In the case of status epilepticus and or if 

there is a suspicion that the patient might be having meningitis, LP is mandatory to do (1). 

Amplitude integrated electroencephalography (aEEG) can be considered in complex febrile 

seizures or seizures not associated with fever (1-2). Brain  imaging can also be individualised as per 

indication but this is usually not necessary (13). 

 

Febrile seizures usually occur at home or somewhere else out of the health care facilities and rarely 

happens in hospital settings (1). The diagnosis is made with inference from the history as the 

seizures usually would have resolved by the time of presentation to health care facility (1). Simple 
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febrile seizures do not warrant admission, especially if the child is clinically well (1, 13). Admission 

only occurs when the child presents with complex febrile seizures (1, 2, 13). If the seizures occur in 

a health care facility, they are managed like any other seizure (1, 13). The ABCDE (away, breathing, 

circulation, disability and exposure) approach is used (1, 13). If seizures last more than five minutes, 

benzodiazepines that include lorazepam intravenous (IVI), diazepam IVI or per rectum, is used (1, 

13). Finally, a child that presents with status epilepticus are treated as an emergency with the 

algorithm for treating status epilepticus  used, and if necessary, an admission to ICU is done (1, 3, 

13). 

 

Simple febrile seizures are benign and do not have neurological sequelae. However, febrile 

seizures can  be very frightening to parents and some clinicians (1). Parent might even think that 

their child is going to die or there will be severe brain damage (1). This necessitates proper parent 

counselling about the nature and natural history of febrile seizures (1). The risk of epilepsy is 0.5% 

higher in children with simple febrile seizures compared to those without febrile seizures (1). 

Children with complex febrile seizures have a 6% higher risk of epilepsy. Recurrent or prolonged 

febrile seizures are associated with an increased risk of neurological abnormalities such as  

disruption of white matter maturation or damage in hippocampus leading to epileptogenesis (1-2). 

 

Febrile seizures have a good prognosis (1). They are self-limiting and children usually outgrow 

them by the age of 6 years (1, 13). One third of children with febrile seizures have a risk of recurrence 

(1). About 75 % of that recurrence occurs within one year and 90% within 2 years (1). The following 

factors increase the risk of recurrence of febrile seizures:  a child having the first episode of a 

febrile seizure while less than 15 months old, shorter interval between fever onset and seizure, 

family history of febrile seizures, a child who goes to day-care or crèche, complex febrile seizures 

and frequent febrile illness (1). A higher number of risk factors increases the chances of seizure 

recurrence (1, 13). The growth and neurodevelopment of children with febrile seizures are not 

affected especially if it is simple febrile seizures (1, 2, 3). 
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Febrile seizure prevention using anti-epileptic drugs is not recommended (1, 2, 13). Studies 

demonstrate that the adverse effects of anti-epileptic drugs outweigh their benefits (1, 13,).  

Antipyretic drugs, such as paracetamol and ibuprofen, are effective to lower the fever and 

discomfort. However, they have not been proven to prevent febrile seizures (1, 13). Other measures 

that are used to lower body temperature, such as tepid sponging, removing clothes and direct 

fanning, have not been proven to lower the risk of febrile seizures (1). Effective vaccination to 

reduce morbidity of febrile illnesses is universally encouraged (1). Finally, proper counselling and 

reassuring of the parents about the nature and natural history of febrile seizures is very important 

prior to discharge (1, 3). 

 

1.2 Iron deficiency anaemia 
 

Anaemia is a decrease in the number of total red blood cells or haemoglobin (Hb) below normal 

for sex and age (2, 4). The World Health Organization (WHO) defines anaemia in terms of ages as 

haemoglobin less than (4, 12, 14): 

• 11g/dl in children aged 6-59 months 

• 11.5g/dl in children aged 5-11 years  

• 12g/dl in children aged between 12-14 years  

Anaemia can be classified as mild, moderate and severe based on how low the haemoglobin is in 

the blood (4, 14). For example, in the 6-59 months age, Hb between 10-10.9g/dl is mild while that 

between 7 and 9.9 is moderate and less than 7g/dl is severe. Further classification is based on red 

cell characteristics and underlying mechanism (4, 14): 

a) Underlying mechanisms 

• Decrease bone marrow output issues such as  

o Bone marrow aplasia/infiltrate 

o Ineffective hematopoiesis 

o Substrate deficiency 

o Erythropoietin (EPO) insufficiency 
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• peripheral loss/destruction issues such as 

o Bleeding 

o Sequestration 

o Hemolysis 

b) Red cell characteristics (red cell size, chromia and morphology) 

• Hypochromic microcytic anemia 

• Macrocytic normochromic anemia 

• Normochromic normocytic anemia 

• Morphology e.g. leuco-erythroblastic 

(4, 12, 14) 

 

 

Anaemia itself is not a disease but a sign or manifestation of an underlying condition (2). It is 

common in developing countries to witness more than one underlying condition present in one 

patient (2). The following are the common underlying conditions: nutritional deficiencies as in the 

case of iron deficiency anaemia, chronic infections as in the case of HIV and TB, and intestinal 

infestation leading to chronic blood loss (2, 3). Finally, it is of paramount importance to establish 

the cause of anaemia before treating it (2). 

Iron deficiency anaemia is anaemia due to lack of iron (2, 3, 4). This leads to a decrease in red cell 

production and results in hypochromic microcytic anaemia (2, 3). It is the most common cause of 

anaemia occurring in 15% of the world’s population (2, 3). Up to 50% of children in developing 

countries have been shown to be affected (2). The children at highest risk fall in the six months to 

three years and adolescent age group (2). 

 Iron deficiency anaemia can be due to inadequate iron intake (nutritional or iron malabsorption) 

or excessive iron loss due to chronic bleeding (4). Predisposing factors begin in the prenatal period 

and extent until adolescent age (2). All the predisposing factors ultimately lead to the depletion of 

iron stores and  iron deficiency, which eventually leads to iron deficiency anaemia. The perinatal 

examples include  low birth weight, conditions that lead to perinatal bleeding like such as twin-to-

twin transfusion, and haemorrhagic disease of a newborn (2). Infections such as viral, bacterial and 

parasitic also contribute by impairing iron uptake and utilisation (2).  
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Diagnosis is made with good history taking that narrows down the differentials (2, 3). Depending 

on the age of the child, the history aiming to pick up any predisposing factors can start from the 

prenatal and perinatal period (3). Dietary and bleeding history are also very crucial components, 

which help in the diagnosis of iron deficiency anaemia (2, 3). Furthermore, history should exclude 

any comorbidities and chronic illnesses such as TB and HIV.  

The symptoms are usually vague at the beginning of iron deficiency anaemia and include lethargy, 

pica and irritability (2, 3, 4). The development of iron deficiency anaemia is a gradual process such 

that the body usually adapts and the child may not feel sick most of the time (2, 4). The diagnosis is 

usually an incidental finding when the child presents at the hospital for another illness such as  

pneumonia  (2). Physical examination is another important component (2, 3). It assists in deciding on 

further laboratory examination (2).  Pallor is the cardinal sign for anaemia while Koilonychia is a 

common sign of iron deficiency anaemia (2,4). 

 

Initial investigations include a full blood count (FBC) (2, 3, 4). A peripheral blood smear, reticulocyte 

count and FBC help in making the diagnosis (2, 3). The important parameters of the FBC for anaemia 

diagnosis are haemoglobin (Hb) concentration, haematocrit, mean cell volume (MCV), mean cell 

haemoglobin (MCH) and red cell distribution width (RDW). The FBC, peripheral smear and 

reticulocyte count results assist in determining the tests to do next (3, 4, 14). 
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Iron deficiency usually precedes iron deficiency anaemia and it is characterised by low ferritin 

levels (14). Failure to correct iron deficiency leads to iron deficiency anaemia (14). The typical 

findings of iron deficiency anaemia for age 6-59 months are as follows (2):  

Microcytosis (MCV of less than 70fl) 

Hypochromia (MCH of less than 25pg) 

Reduced serum iron of less than 40ug/dl  

Increased iron binding capacity of more than 450ug/dl 

Decreased transferrin saturation of less than 16% and 

Decreased serum ferritin of less than 10ng/ml (2). 

 Cases in which the history and clinical examination are suggestive of iron deficiency anaemia 

demand that iron studies should not be carried out (2). Instead, a trial of treatment with iron is 

recommended provided a follow up is guaranteed (2). Therefore, only in  the absence of a  response 

should  iron studies be carried out (2). 

The most important differential diagnoses to exclude are anaemia of chronic disease, thalassemia 

and sideroblastic anaemia (2, 3, 4, 14). If the exclusion of these cannot be made from history, further 

laboratory studies can be done to exclude them (4). Iron studies can also be done to confirm iron 

deficiency anaemia (2, 14). Typical findings of iron studies are low serum iron, high transferrin, high 

total iron binding capacity and low ferritin (3, 4). 

Treatment for iron deficiency anaemia starts with clearly identifying the cause (14). The most 

common cause in children is dietary issues (lack of iron intake) (2). The next step is to examine  the 

severity of anaemia (mild, moderate and severe) (2, 14). In mild to moderate cases, dietary 

modifications to incorporate iron-rich foods and oral iron supplementation are cornerstones of 

treatment (3, 14). The elemental iron dose of 4-6mg/kg/day has a good response within four weeks 

(2, 4). In rare situations where oral supplements are ineffective, such as in iron malabsorption, 

intolerance or adherence issues, intravenous iron can be used (2). If the patient has severe 

symptomatic anaemia and/or is bleeding, a blood transfusion of packed red cells is done (2). After 

haemoglobin (Hb) has normalized, treatment with iron supplements continues for 4-6 months in 

order to replenish iron stores (3, 4). 
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1.3 Association between febrile seizures and iron deficiency anaemia 

 

Iron deficiency anaemia and febrile seizures are both common conditions in childhood (5). The 

peak ages for febrile seizures is 14 to 18 months (5, 6). This age group coincides with that of iron 

deficiency anaemia, which is from 6 months to 24 months (5, 6). Iron plays an important 

physiological role in neurological function (5). It plays a role in neurotransmitters metabolism such 

as  GABA and serotonin (5, 6). Iron is involved in enzyme metabolism like monoaminoxide and 

aldehidoxidase (5). It also plays a role in myelin formation and brain energy metabolism mostly as 

a cofactor (5, 6). Neurological symptoms of iron deficiency include weak memory, motor 

developmental delay, behavioural disturbances, poor attention span and learning deficit (7). 

 Various existing studies evaluated the association between febrile seizures and iron deficiency 

anaemia (6). The results have not been consistent (6, 7). Most of the studies show that iron deficiency 

anaemia is a modifiable risk factor for febrile seizures (5, 6, 7, 8, 9). However, some studies  show no 

association between both  conditions (10, 11, 16). No studies evaluating this association between these 

conditions have been published in South Africa. The above conflicting results were used as 

motivation to conduct the study. The fact that no similar studies have been conducted in South 

Africa, and in the Free State Province in particular, also contributed as a motivation for the study. 

Case-control studies that were conducted elsewhere suggest that iron deficiency anaemia is a 

modifiable risk factor for febrile seizures (5, 8, 9). Sreenivasa B et al conducted a prospective case 

control study in India in 2014. The total number of patients was 200 (100 cases and 100 control) 

in the age group 6 months to 6 years with  the study  conducted from July 2010 to October 2014. 

The results showed that iron deficiency anaemia was a modifiable risk factor for febrile seizures 

(5). Tariq Saeed et al. also conducted a case control prospective study e in Pakistan in 2012 over a 

period of six months with total of 100 patients (50 cases and 50 control) (8). The results show that  

iron deficiency anaemia is  a risk factor for febrile seizures (8).  GHOSAL S at al also did a 

prospective case control study in Bangladesh in 2017 over a period of one year. The age group of 

children under study was  5 months to  6 years and these constituted a   patient study population 

of 120 (60 cases and 60 control). The results show that iron deficiency anaemia was associated 
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with febrile seizures (9). It is also shown that low serum ferritin levels <7ng/ml was associated with 

49 times of having febrile seizures. 

  A prospective cohort study carried out by Srinivasa et al. shows  the difference in  iron deficiency 

anaemia between the children with febrile seizures and those without was statistically 

significant(p<0.05) (6). The study was done over a period of one year with 208 children aged 6 

months to 5 years. The study population was divided into 108 cases and 100 controlled (6). The 

conclusion made is that iron deficiency anaemia is a modifiable risk factor for febrile seizures (6). 

The recommendation made highlighted the need to screen for and treat iron deficiency anaemia 

early to prevent febrile seizures (6). Khan SA et al did a comparative study in Pakistan over a period 

of one year, which consisted of two groups as case and control with 80 patients in each group. The 

results show that febrile seizures were twice as common in children with iron deficiency anaemia 

compared to those children without iron deficiency anaemia (p value=0.003) (7).  

Some studies show contrary results as they found no association between iron deficiency anaemia 

and febrile seizures (10, 11, 16). Hasim G at al. report in a study carried out in Turkey that there was 

no statistical significant  relationship between iron deficiency anaemia and febrile seizures (10). The 

results of the study conducted by Ghasem M at al. in Iran also show no association between iron 

deficiency anaemia and febrile seizures (11).   

The systematic and meta-analysis study done by Byung Ok Kwak at al. suggests  that iron 

deficiency anaemia is associated with increased risk of febrile seizures (OR, 0.198; 95% CI, 1.26-

3.13; p=0.003) (15). This systematic review and meta-analysis consisted of 17 studies enrolling 2 

416 children with febrile seizures and 2 387 children as control. The recommendation made calls 

for the need to conduct well-designed interventional studies to assess if iron supplement can 

prevent febrile seizures in the 3 months-6 years age group. 

The above-mentioned meta-analysis makes it clear that there is a strong association between iron 

deficiency anaemia and febrile seizures and recommends the carrying out of an intervention study 

on the management of iron deficiency anaemia to prevent febrile seizures. This raises a question 

about those other studies, which show contrary results. Could it be that they were not conducted 

well or the number of sampling was not sufficient? Another important fact I observed is that those 

studies that showed no association between febrile seizures and iron deficiency anaemia are quite 

few compared to the other studies that showed the association between these two conditions. 
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2.   CHAPTER 2:  ARTICLE MANUSCRIPT 

Abstract 
 

BACKGROUND: Febrile seizure is the most common seizure in children. It affects 2-5% of neurologically 

healthy children. Iron deficiency is the most common nutritional deficiency worldwide especially in 

developing countries. Studies carried out to determine the association between febrile seizures and iron 

deficiency anaemia have produced contradictory results. 

OBJECTIVES: To evaluate the association, if any, between febrile seizures and hypochromic microcytic 

anaemia (iron deficiency anaemia). Hypochromic microcytic anaemia has been used as surrogate for iron 

deficiency anaemia. 

METHODS: This was a retrospective cross-sectional study. Here, 244 patients admitted over the period 

of twelve months with infective febrile illnesses were included in the study. The age group was between 

six months and five years with 55 of these patients suffering from febrile illnesses complicating with febrile 

seizures while 189 had febrile illnesses without febrile seizures. Full blood counts (FBC) of all the patients 

were used to determine if each patient had hypochromic microcytic anaemia. The following FBC 

parameters were used: haemoglobin (HB), mean corpuscular volume (MCV), mean corpuscular 

haemoglobin (MCH) and red cell distribution width (RDW). Chi-square and Fischer’s exact tests were 

conducted for statistical interpretation. A comparison of full blood count parameters was made between the 

children with febrile seizures and those without. 

RESULTS: The mean  age of all patients included in the study was 17 months with  153  of the 244 patients 

(62.7%) being  males . The majority of patients had lower respiratory tract infection. Full blood count 

parameters of patients with febrile seizures and those without febrile seizures were similar. There was no 

statistical significance between the two groups (p=0.826). 

CONCLUSION: The results of the study, based on hypochromic microcytic anaemia used as surrogate for 

iron deficiency anaemia, showed no association between iron deficiency anaemia and febrile seizures. This 

was due to a lack of difference between patient with febrile seizures and those without febrile seizures, with 

no statistical difference. 

 

Introduction 

Febrile seizures are the most common types of childhood seizures (1). They occur in 2-5% of 

neurologically healthy children between the ages of 6 months to 5 years (1, 13). The exact causes of 
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febrile seizures are unknown (1). Genetic and environmental factors have a strong association with 

febrile seizures (1, 13). The peak incidence age is 18 months, which overlaps with that of iron 

deficiency anaemia, which is from 6 months to 24 months (5, 6, 7). Iron deficiency is the most 

common micronutrient deficiency worldwide and can be easily treated and prevented (2, 4). Iron 

deficiency anaemia and febrile seizures are both common conditions especially in developing 

countries.  

Studies have been done outside of South Africa to determine the association between iron 

deficiency anaemia and febrile seizures (5, 6, 7, 8, 9, 10, 11,16). The results are often contradictory. Iron 

deficiency anaemia has been shown to be a risk factor for febrile seizures such that 

recommendations to screen for and treat iron deficiency anaemia to prevent febrile seizures have  

been made in  these international studies (5, 6, 7, 8, 9). Other studies show contrary results that show 

no association between iron deficiency anaemia and febrile seizures (10, 11, 16). Pisacane at al report 

in their study that iron deficiency increased the risk of febrile seizures while Kobrinsky at al found 

contrary results (16). Hasim G at al reported in a study he did in Turkey that there was no statistical 

significant relationship between iron deficiency anaemia and febrile seizures (10). The results of the 

study conducted by Ghasem M at al in Iran also show no association between iron deficiency 

anaemia and febrile seizures (11).   

 

 There are no studies that  determine the above conditions’ association in the South African 

context. The aim of the study was to determine the association between hypochromic microcytic 

anaemia and febrile seizures in South African children, particularly in Bloemfontein. The results 

of the study could be used to create awareness on the association between the two conditions if 

there is any association. The results could also provide motivation to screen for iron deficiency 

anaemia in children with febrile seizures and  initiate early treatment to minimise the risk of a 

febrile seizure in young children.  

Hypochromic microcytic (HCMC) anaemia was used in the study as a surrogate for iron deficiency 

anaemia. This arose from the reality that data was collected retrospectively and iron studies are 

not routinely done in all patients admitted with febrile seizures. The most common cause of HCMC 

anaemia in the study setting is iron deficiency anaemia. 
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This research study was a retrospective, analytical cross-sectional study. The objective of the 

study, done at Pelonomi Tertiary Hospital from January 2019 to December 2019, was to determine 

the association between hypochromic microcytic anaemia and febrile seizures. 

 

 

Methods  

 

This study is based on a retrospective medical record review. The study design was an analytical, 

cross-sectional study conducted at Pelonomi Tertiary Hospital in Bloemfontein, Free State, South 

Africa. The study consisted of all children between the ages of 6 months and 5 years, admitted into 

the paediatric ward with acute infective febrile illnesses with or without febrile illness from 1 

January 2019 to 31 December 2019. These patients also had a positive history of fever and or 

documented fever and had full blood count taken on admission or during the cause of stay in the 

hospital as per inclusion criteria. Children with history of the conditions such as 

neurodevelopmental delay, thalassemia, on iron therapy, metabolic seizure e.g. hypoglycaemia, 

hyponatremia etc., central nervous system (CNS) pathology e.g. epilepsy, cerebral palsy (CP), 

asphyxia history etc. and CNS infection e.g. meningitis and encephalitis were excluded in the 

study. The patients  included in the study using the above-mentioned information amounted to 

244. Most of the patients included in the study had the following conditions on admission as acute 

infective febrile illnesses: respiratory tract infection, urinary tract infection, gastrointestinal 

infection. 

 

The researcher used the admission register book in the ward to identify the file numbers of patients 

admitted with acute infective febrile illnesses during the study period.  The files were retrieved 

from the records department while electronic summaries on the Meditech system were also 

referred to. The researcher was responsible for screening each patient according to the inclusion 

and exclusion criteria, as well as the data collection process.  

 

The data collection form was designed with the REDCap® (Research Electronic Data Capture) 

software. Study data was collected and managed using the REDCap® database hosted at the 
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University of the Free State. The REDCap® is a secure web-based software platform designed to 

support data capture for research studies. A pilot study was performed on 10 patients to assess the 

feasibility of the study prior collecting the rest of the data.  The researcher entered the data in the 

database. The data was exported in Excel format for statistical analysis. The data was analysed by 

the Department of Biostatistics at the University of Free State. Data was summarised by means of 

frequencies and percentages for categorical data and means and standard deviation or medians and 

percentiles for numerical data. Subgroups were compared using 95% confidence intervals for 

difference in means or medians. Appropriate statistical testing (t-test, Mann-Whitney or Chi-

squared test) was performed at 5% significant level.  

 

Approval to conduct the research study was obtained from the Free State Department of Health 

while an ethics approval was obtained from the Health Science Research Ethics Committee 

(HSREC) of the University of Free State. The study was a retrospective medical record review, 

thus patient consent was not required. Each patient record was assigned with a numerical value in 

order to remove any patient identifying data.  
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Results  

The study population consisted of 244 patients as explained in the methodology. Demographic 

characteristics, including gender and age are presented for the study population. The majority of 

patients included in the study were male (62.7%). The age of included patients ranged from 

six months to five years (median 17.0 months). 

Table 1 summarises the type of acute infective febrile illnesses recorded for each patient upon 

admission. Most patients, 184 out of 244 (75.4%), presented with lower respiratory tract infection. 

There were also upper respiratory tract infections which were 26 out of 244 (10.6%) patients) and 

gastrointestinal tract infections which were 16 out of 244 (6.5%) patients). 

Table 1: Febrile illness 

 

Frequency 

 

Percentage  

(%) 

Upper respiratory tract infection 24 10.0 

Lower respiratory tract infection 182 74.5 

Urinary tract infection 10 4.0 

Gastrointestinal tract infection 16 6.6 

Other (n=12) 12 4.9 

 Conjunctivitis 1 0.4 

 Kawasaki disease 1 0.4 

 Measles 1 0.4 

 Neck abscess 1 0.4 

 Pansinusitis 1 0.4 

 Septic arthritis 1 0.4 

 Submandibular abscess with fever 1 0.4 

 Tonsillitis 1 0.4 

    

 Source not identified 1 0.4 

 Source not recorded 1 0.4 

 Source of fever not recorded 2 0.9 

   

 

 

 

The full blood count results of patients are presented in Table 2. 
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Table 2: Full blood count results of all patients (both with and without febrile seizures (FS)) 

First column represents children without FS and the second column represents those with FS 

 

Hb        Hb 

g/dL      g/dL 

MCV     MCV 

fL            fL 

MCH     MCH 

pg/cell    pg/cl 

RDW 

% 

     RDW 

      % 

n 189       55 189         55 189        55 189               55 

Mean (SD) 11.1       11.3 78.6         78.3 24.7        24.5 14.8        14.6 

                                  

      

      

Hb: haemoglobin, MCV: mean corpuscular volume, MCH: mean corpuscular haemoglobin, RDW: red cell 

distribution width  

 

A summary of the nutritional status of the study population is presented in Table 3. 

Table 3: Nutritional status: study population (those with febrile seizures and those without) 

 

 

without FS With FS 

 

MAM 20 8 

SAM 9 1 

Normal 156 45 

Overweight 4 1 

   

MAM: moderate acute malnutrition, SAM: severe acute malnutrition 

 

The results indicated that most patients (82.3%) had normal nutritional status. Patients affected by 

moderate acute malnutrition (MAM) and severe acute malnutrition (SAM) comprised 15.5% of 

the study population (11.5%) and (4.0%), respectively. The nutritional status did not seem to affect 

febrile seizures frequency, as is the case with other studies (refer table 4). 

In total, 55 patients (22.5%) presented with febrile seizures, compared to 189 patients (77.4%) 

who did not present with febrile seizures. The duration of seizures was recorded to last less than 

15 minutes in 30 patients (63.8%) compared to a duration of more than 15 minutes in 17 patients 

(36.2%).  
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A total of 29 patients (11.8%) had hypochromic microcytic anaemia on full blood count compared 

to 215 (88.1%) who did not have a hypochromic microcytic anaemia on full blood count (refer 

table 5). Out of 55 patients who presented with febrile seizures, only 4 were discharged on anti-

convulsants. 

The result of the aim of the study, namely, the association between hypochromic microcytic 

anaemia and a febrile seizure was evaluated using Chi-square and Fischer’s exact tests (refer to 

Table 5). The p-value>0.05(0.826) indicate that there is no statistically significant association. The 

relative risk of those with anaemia compared to those without anaemia to have febrile seizures is 

1.1 (95% CI 0.5; 2.2).The results from the statistical analysis are presented in Table 4 below. 

 

Table 4: Statistical analysis results 

 No Yes 

 

Febrile seizures 189 55 

Hypochromic microcytic anaemia 215 29 

   

Chi-Square p=0.826  

Fisher’s Exact Test. Two-sided Pr <= p p=0.815  

   

 

Table 6: Discharged on antiepileptics (n = 244) 

 

Frequency 

 

Percentage 

(%) 

 

No 240 98.36 

  Yes 4 1.64 
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Discussion 

 

The aim of this study was to determine the association between hypochromic microcytic anaemia 

and febrile seizures in the study population. Hypochromic microcytic anaemia was used as 

surrogate for iron deficiency anaemia. This was a retrospective study, hence iron studies results, 

which would confirm iron deficiency and iron deficiency anaemia were not available, as is not 

done routinely. 

The sample consisted of 244 patients. The results showed no association between febrile seizures 

and hypochromic microcytic anaemia (iron deficiency anaemia), with a p> 0.5 (p=0.826). 

Most of patients with febrile seizures had respiratory tract infection, followed by acute 

gastroenteritis and urinary tract infection. This is in keeping with literature in general regarding 

causes of febrile illnesses that trigger febrile seizures (1, 13). Most of the patients with febrile 

seizures were males, which is also in keeping with the literature (1, 13). Some patients with febrile 

seizures were examined in the opinion room and not admitted. No full blood count was done on 

these patients hence, they could not be included in the study as it was a retrospective study. This 

contributed to having fewer patients with febrile seizures in the study. This could have affected 

the results due to fewer patients during the study period. The inclusion of these patients, if they 

had full blood count results, would have led to an increase in number of patients included in the 

study. Larger sample sizes yield more reliable the results.  

Numerous studies have been done to determine the association between febrile seizures and iron 

deficiency anaemia (5). The results have been inconsistent (5). This was a major motivation behind 

this study, which sought to evaluate the association between the two above-mentioned conditions 

in our study population. The first study by Pasacane et al in Italy in 1990s showed that iron 

deficiency anaemia was a risk factor for febrile seizures (6). Shazia AK et al carried out a study in 

Pakistan with the results showing that iron deficiency anaemia was twice as common in children 

with febrile seizures compared to those without febrile seizures (7). Another study conducted in 

India by Bharat G et al suggested that iron deficiency anaemia is a modifiable risk factor for febrile 

seizure. 



Page 20 
 

 The study by Eiham B et al in Iran, which was a prospective case control study, showed contrary 

results (16). The results showed that iron deficiency anaemia was less frequent in children who had 

febrile seizures than those without. It also stated that iron deficiency anaemia was not protective 

against febrile seizures (16). Ghasem et al also did a study, which showed no association and 

therefore did not show iron deficiency anaemia as a risk factor for febrile seizures (17).  The results 

of the later are similar to the findings of our study, which showed no association between iron 

deficiency anaemia and febrile seizures. 

The conclusion from the two meta-analysis studies indicated that both conditions have an 

association whereby iron deficiency anaemia was shown as a modifiable risk factor for febrile 

seizures (15, 18). Byung O et al did the meta-analysis in 2017 that consisted of 17 studies, which 

enrolled 2 416 children with febrile seizures and 2 387 children without febrile seizures, as control 

group. The results from the combined data suggested that iron deficiency anaemia was associated 

with increased risk of febrile seizures (OR of 1.98; 95% CI,1.26-3.1;P=0.003). Parviz K et al also 

did a meta-analysis in 2018, which consisted of 38 studies (18). Their results showed that there was 

a strong association between iron deficiency anaemia and febrile seizures whereby iron deficiency 

anaemia increased the risk of febrile seizures with OR of 2.36(95% CI: 1.72-3.24; p<0.001). They 

also recommended screening for and treating iron deficiency anaemia in all children with febrile 

seizures (18). Both high quality meta-analysis studies suggest that there is a strong association 

between febrile seizures and iron deficiency anaemia, which is what our study did not show. This 

could be due to several factors that include our study being a retrospective and therefore very 

limited with the  study sample  small  that this could have affected results negatively. 

Conclusion 

This study’s results showed no association between febrile seizures and iron deficiency anaemia 

in children between age of 6 months and 5 years that were admitted at Pelonomi academic hospital 

over a period of twelve months. Further studies, preferably prospective case control studies with a 

larger sample in the same population, should  be conducted to evaluate the association between 

iron deficiency anaemia and febrile seizures. The studies should include iron studies, which will 

confirm the diagnosis of iron deficiency anaemia. 
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3. APPENDICES 

Appendix A: Letter of Approval from the Research Ethics Committee 
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Appendix G: Author guidelines 
 

Author Guidelines 

Author Guidelines 

  

Please view the Author Tutorial for guidance on how to submit on Editorial Manager.  

  

To submit a manuscript, please proceed to the SAJCH Editorial Manager website: Editorial 
Manager 

  

To access and submit an article already in production, please see the guidelines here. 

  

Author Guidelines 

Please take the time to familiarise yourself with the policies and processes below. If you still have 
any questions, please do not hesitate to ask our editorial staff (tel.: +27 (0)21 532 1281, 
email: submissions@hmpg.co.za). 

  

Article Processing Charges 

All articles published in the South African Journal of Child Health are open access and freely 

available online upon publication. This is made possible by applying a business model to offset 
the costs of peer review management, copyediting, design and production, by charging an article-
processing charge (APC) of R3 180 (ex Vat) for all articles published. The charge applies only to 
Research articles submitted after 1 Jan 2019. The APC is standard and does not vary based on 
length, colour, figures, or other elements. 

  

When submitting a Research article to the SAJCH, the submitting author must agree to pay the 
APC should the article be accepted for publication. The APC is payable when your manuscript is 
editorially accepted and before production commences for publication. The submitting author will 
be notified that payment is due and given details on the available methods of payment. Prompt 
payment is advised; the article will not enter into production until payment is received. 

Queries can be directed to claudian@hmpg.co.za. 

Please refer to the section on ‘Sponsored Supplements’ regarding the publication of supplements, 
where a charge is applicable. Queries can be directed to dianes@hmpg.co.za or 
claudian@hmpg.co.za 

 

Authorship 

Named authors must consent to publication. Authorship should be based on: (i) substantial 
contribution to conceptualisation, design, analysis and interpretation of data; (ii) drafting or 
critical revision of important scientific content; or (iii) approval of the version to be published. 

These conditions must all be met for an individual to be included as an author (uniform 
requirements for manuscripts submitted to biomedical journals; refer to www.icmje.org) 

  

If authors’ names are added or deleted after submission of an article, or the order of the names 
is changed, all authors must agree to this in writing. 

https://www.editorialmanager.com/nci/accounts/author_tutorial.pdf
http://www.editorialmanager.com/sajch
http://www.editorialmanager.com/sajch
http://www.samj.org.za/_sub/SAMJ%20Production%20Steps.pdf
mailto:submissions@hmpg.co.za
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verification may lead to delays in the processing of submissions. 
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manuscript. 

If the study was carried out using data from provincial healthcare facilities, or required active 

data collection through facility visits or staff interviews, approval should be sought from the 
relevant provincial authorities. For South African authors, please refer to the guidelines for 
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Protection of rights to privacy 

Patient 

Information that would enable identification of individual patients should not be published in 
written descriptions, photographs, radiographs and pedigrees unless the information is essential 

for scientific purposes and the patient (or parent or guardian) has given informed written consent 
for publication and distribution. We further recommend that the published article is disseminated 
not only to the involved researchers but also to the patients/participants from whom the data 
was drawn. Refer to Protection of Research Participants. The signed consent form should be 
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Selected definitions 

Anaemia: a condition in which the number of red cells or haemoglobin concentration within 

them is lower than normal for age and gender (1, 4).  

Iron: a trace element that is essential for life which is involved in many physiological processes 

such as DNA synthesis, forms part of haemoglobin which is essential for oxygen transport, energy 

production and also works as the cofactor in neuron’s metabolism amongst other functions. (2,3,5)  

Iron deficiency anaemia: anaemia which is due to decreased haemoglobin production due to 

insufficient iron in the body which can be due to inadequate intake or excessive loss. (4) 

Hypochromic microcytic anaemia: anaemia in which the circulating red blood cells are smaller 

than the normal size and have decrease red colour. (2,4)                                                                          

Fever: an elevated body temperature of more than 37.5 degrees Celsius (3)                                   

Seizure: a condition due to an abnormally excessive discharge of neuronal activity in the brain 

which results in signs and symptoms like loss of consciousness, generalized body movement.(2)                                                                                                                                                  

Febrile seizure: seizure occurring in a febrile child between the age of 6 months to 60 months 

who does not have an intracranial infection nor pathology, metabolic disturbance and no history 

of afebrile seizure.(1)                                                                                                                               

Infection: an invasion and multiplication of microorganisms such as bacteria, viruses, and 

parasites that are not normally present in our body.(3)                                                                             

Acute febrile illness: an illness characterized by rapid onset of fever. The most common illnesses 

presenting with fever are acute infections regardless or the location in the body. (1)                                               

Opinion room: The room in paediatric ward of Pelonomi Tertiary Hospital which functions as a 

referral unit for acute paediatric cases. Referred patients are seen here first and the decision is 

made if the patient needs to be admitted to the paediatric ward.                                                                                     

Meditech computer system: the computer based system used at Pelonomi Tertiary Hospital    for 

registering patient discharge summaries and inpatient department reports.  
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Full blood count: A test that counts all the cells that make up the blood, namely red blood cells, 

white blood cells and platelets. (3)  



Page 44 
 

Introduction 

Febrile seizure is the most common type of childhood seizure which occurs in 2-5% of 

neurologically healthy children between the ages of 6 months to 5 years. The exact cause of a 

febrile seizure is unknown, but genetic and environmental factors have been shown to have 

strong association with its occurrence. The peak incidence age is 18 months, which overlaps with 

that of iron deficiency anaemia which is from 6 months to 24 months. Iron deficiency is the most 

common micronutrient deficiency worldwide and can be easily treated and prevented. Iron 

deficiency has been postulated to be a risk factor for febrile seizures. Several studies have been 

done to look at the association between febrile seizures and iron deficiency however, none could 

be found that had been done in the South African population and none in Bloemfontein in 

particular. This is a great motivation for this study to be conducted. 
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1. Literature review 

1.1. Febrile seizure 

Febrile seizure is a seizure which occurs in neurologically healthy children and associated with 

fever of more than 38 degrees Celsius, without evidence of intracranial pathology. It is the most 

common type of childhood seizure affecting 2-5 % of neurologically healthy children between 6 

months to 5 years. Age of peak incidence is 18 months. (1, 10, 11) 

It is classified as simple or complex febrile seizure. Simple febrile seizure is generalized and lasting 

less than 15 minutes (usually less than 5 minutes), not recurring within 24 hours and no postictal 

neurological abnormalities. Complex febrile seizure is focal, prolonged or recurrent within 24 

hours or associated with postictal neurological abnormalities. (1-2) 

Febrile seizure has multifactorial causes. The common underlying factor is the vulnerability of the 

developing brain to the effects of fever. Other contributing factors are genetic predisposition 

(e.g. family history) and environmental factors.  Viral infection is the most common cause of 

febrile illness (about 80 %) mostly affecting the respiratory system. The rest is usually due to 

bacterial infection affecting the respiratory system and gastrointestinal system. Other 

predisposing factors for febrile seizure include zinc deficiency as well as deficiencies in vitamin B 

12, folic acid, selenium, calcium or magnesium.(1) 

Mostly, febrile seizure happens during the first day of the fever. Simple febrile seizure accounts 

for 80-85% of all febrile seizures. Typical presentation involves loss of consciousness.  Foaming 

at the mouth, difficulty in breathing and pallor or cyanosis may also occur. There is generalized 

tonic-clonic movement of the limbs and rolling back of the eyes. A severe form, which is called 

febrile status epilepticus, can also happen but is not common. This seizure continues more than 

30 minutes without regaining consciousness. (1, 3) 

Diagnosis is mainly clinical (history and clinical examination). No investigations are necessary 

unless there is a suspicion of other causes of a seizure and in that case the investigations are 

individualized. If blood tests are done, they usually include, full blood counts (FBC), urea, 
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electrolytes and creatinine (UEC), calcium, magnesium and phosphate (CMP) and glucose.  

Lumber puncture (LP) is also individualized especially in patients above 12 months of age. There 

is a strong recommendation to do LP in all patients under 12 months to exclude meningitis. 

Amplitude integrated electroencephalography (aEEG) is not routinely recommended for simple 

febrile seizure. It can be considered in complex febrile seizures or seizures not associated with 

fever. (1-2) 

Febrile seizure is benign and does not have any neurological sequela.  Febrile seizure increases 

the incidence risk of epilepsy by 0.5% compared to the general population. Complex febrile 

seizure has more incidence risk of epilepsy up to 6 %. Recurrent or prolonged febrile seizures is 

associated with increased risk of neurological abnormalities e.g. disruption of white matter 

maturation, damage in hippocampus leading to epileptogenesis. (1-2) 

Most children with a simple febrile seizure do not need to be admitted to the hospital especially 

if they are clinically neurologically well. Admission is done when they present with a complex 

febrile seizure. If the child presents with status epilepticus, she/he is treated as an emergency 

and the algorithm of treating status epilepticus is used. (1, 3) 

Febrile seizure has a very good prognosis, it is self-limiting and children outgrows it by the age of 

6 years. One third of children with a febrile seizure has a risk of recurrence and about 75 % of 

that recurrence occurs within one year and 90% within 2 years. The following factors increase 

the risk of recurrence of febrile seizure: the first episode in a child less than 15 months old, 

shorter interval between fever onset and seizure (e.g. less than 1 hour), family history, day-care 

attendee, complex febrile seizures, and frequent febrile illness. The more the number of risk 

factors the higher the chances of recurrence. Most of children with febrile seizure have normal 

growth and development. (1, 2, 3) 

Febrile seizure prevention using anti-epileptic drugs such as sodium valproate and 

phenobarbitone is not recommended because adverse effects of these drugs outweigh the 

benefits.  Antipyretic drugs such as paracetamol and ibuprofen are effective to lower the fever 

and discomfort however have not been proven to prevent a seizure.  Effective vaccination to 

reduce morbidity of febrile illnesses must be universally encouraged as a way to reduce febrile 
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illnesses. Proper counselling and reassuring of the parents prior to discharge is very important 

and must include all the above mentioned factors. (1, 3) 

1.2. Iron deficiency anemia 

Anemia, according to World Health Organization (WHO), is defined as hemoglobin less than: 

• 11g/dl in children aged 6-59 months 

• 11.5g/dl in children aged 5-11 years  

• 12g/dl in children aged between 12-14 years 

Anemia can be classified based on red cell characteristics and or underlying mechanism. 

c) Red cell characteristics (red cell size, chromia and morphology) 

• Hypochromic microcytic anemia 

• Macrocytic normochromic anemia 

• Normochromic normocytic anemia 

• Morphology e.g. leuco-erythroblastic and micro/macroangiopathic 

 

d) Underlying mechanisms 

• Decrease bone marrow output 

o Bone marrow aplasia/infiltrate 

o Ineffective hematopoiesis 

o Substrate deficiency 

o Erythropoietin (EPO) insufficiency 

• Peripheral loss/destruction 

o Bleeding 

o Sequestration 

o Hemolysis (4,12) 

Iron deficiency anemia is an anemia due to lack of iron as a substrate, which leads to a decrease 

in red cell production resulting in hypochromic and/or microcytic anemia. It is the most common 
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cause of anemia occurring in 15 % of the world’s population. It can be due to inadequate iron 

intake (e.g. nutritional deficiency or iron malabsorption) or excessive iron loss mostly due to 

bleeding.(4) 

Proper diagnosis is made with good history taking, with the main focus on dietary and bleeding 

history. A good history also helps to exclude other causes of anemia and narrow the differential 

diagnosis even before laboratory results are available. Physical examination is another important 

component. It also assists in deciding on further laboratory examination.  Pallor is the cardinal 

sign for anemia. Koilonychias are also commonly seen in iron deficiency anemia. (2, 4) 

Full blood count, differential count, reticulocyte count and microscopic smear are the starting 

point of the investigations. These results will determine which tests to do next.  

In iron deficiency anemia, the typical findings will be as follows: 

• microcytic and/or hypochromic red cells 

• low ferritin 

• raised transferrin 

Most important differential diagnoses to be excluded are anemia of chronic disease, thalassemia 

and sideroblastic anemia. (3, 4) 

Mainstay treatment for iron deficiency anemia is oral iron supplements (oral ferrous sulphate). 

The dose of 4-6mg/kg/day usually has a good response within four weeks. In rare situations 

whereby oral supplements are ineffective e.g. in iron malabsorption or intolerance, intravenous 

iron is used. If the patient has severe symptomatic anemia and/or is bleeding, a blood transfusion 

of packed red cells is done. After hemoglobin (Hb) has normalized, treatment continues for 4-6 

months which is aimed at replenishing iron stores. (3, 4) 

1.3 Association between febrile seizures and iron deficiency anemia 

There has been exploration of the association between iron deficiency anemia and febrile 

seizures. Iron plays an important physiological role in neurological function for example in 

neurotransmitter metabolism like GABA and serotonin and enzyme metabolism like 
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monoaminoxide and aldehidoxidase. It also plays a role in myelin formation and brain energy 

metabolism mostly as a cofactor. Several studies have been done elsewhere in the world except 

in South Africa and in Bloemfontein in particular which suggest that iron deficiency anemia is one 

of the risk factors for febrile seizures. (5, 6,7,8,9, 11) 

A study that was done in 2015 in Basaveshwara Medical College Hospital Chitradura in India by 

Sreenivasa at al. showed an association between iron deficiency anemia and febrile seizure. It 

was a case control prospective study done from July 2010 to October 2014. There were 100 cases 

(children within the age group of the study presenting with febrile seizures) and 100 controls 

(children within the age group of the study presenting with febrile illness but without seizures). 

Both cases and controls were matched in terms of age (which was between 6 months and 6 years) 

and sex. In both cases and controls, febrile illnesses were similar, being upper and lower 

respiratory tract infection and gastroenteritis. It was observed that serum ferritin was low in 

cases (29.5 ± 21.3) compared to controls (53.3± 37.6) and red blood cell distribution width(RDW) 

was high in cases (16.8±1.3) and low in controls (12.7±1.1). (5) 

Srinivasa et al conducted a cohort study in India looking at iron deficiency anemia in children with 

febrile seizures. The study was done by the department of pediatrics, KIMS Bangalore from July 

2013 to June 2014. Children were in the age group of between 6 months and 5 years. The study 

consisted of 208 children who met inclusion criteria and of which 108 were cases (children with 

simple febrile seizures) and 100 were controls (children with febrile illness without seizures).  37 

out of 108 cases had iron deficiency anemia (39.96%) whereas only 22 out of 100 controls had 

iron deficiency anemia (22%). The difference in relation to iron deficiency anemia among the two 

groups was significant with p value of <0.05. (6) 

A study that was done in Pakistan by Khan SA et al also showed an association between iron 

deficiency anemia and a febrile seizure.  It was a comparative study done in Kuwait teaching 

hospital Peshawar and Hayatabad Medical complex Peshawar from January 2015 to December 

2015. Total of 160 children were included of which 80 were cases (children with febrile seizures) 

and 80 were controls (children with febrile illness without seizures). The age group was between 

six months and five years.  The results were as follows; hemoglobin level was 10.48±1.16g/dl in 
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the cases group while in the controls group it was 12±2.31g/dl with a p-value of 0.004. The MCV 

level was 71±6.63 in cases group and 77±6.00 in the controls group with p -value of 0.002. The 

serum ferritin was 10±1.82 in the cases group and 15±2.12 in the controls group with the p-value 

of 0.002.  The results showed the frequency of iron deficiency anemia to be 38% in cases group 

while the rate in the controls group was 20%. They concluded that febrile convulsions were twice 

as common in children with iron deficiency anemia compared to those children without iron 

deficiency anemia. (7) 

Tariq Saeed et al did a case control prospective study at Holy Family Hospital, Rawalpindi from 

1st of October 2011 to 31st march 2012 in the pediatric ward. The study had a total of 100 children, 

50 as cases (children with febrile seizures) and 50 as controls (children with fever but no seizures).  

The age group was between 6 months to 5 years. Serum ferritin levels were compared. In the 

cases group, serum ferritin levels were 6.9 ± 0.9 microgram per liter(ug/l). In the controls group 

ferritin levels were 7.9 ± 1.72ug/l. It was shown that in the cases group 32 out of 50 patients had 

low ferritin levels while in the control group only 21 out of 50 patients had low ferritin levels. 

That showed a positive association between iron deficiency anemia and febrile seizures. (8) 

A case control study was conducted at pediatric department of SSMC & Mitford Hospital over a 

period of one year. There were 60 cases (children with febrile seizures) and 60 controls (children 

with fever without seizures). Both cases and controls were matched according to age group which 

was between 5 months and 6 years. Causes of febrile illness in the two groups were similar. The 

results showed that a significant number of cases had low ferritin levels, low MCV and low MCH 

which were all statistical significant as compared to control group. The p-value of < 0.001 in all 3 

parameters (MCV, MCH and ferritin), therefore showing that iron deficiency anemia increased 

the risk of febrile seizures. (9) 
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2. Defining the research 

2.1. Research motivation 

Iron deficiency anemia and febrile seizure are both common conditions. Studies done outside of 

South Africa have shown an association between these two conditions. (5, 6, 7, 8, 9, 10, 11)  During 

literature review search, no studies were found to have been done and or published about the 

above conditions’ association in the South African context. This study seeks to determine this 

association in South African patients. This will bring awareness to the health care providers of 

the association between the two conditions so that iron deficiency anemia can be screened for 

and treated early to minimize the risk of a febrile seizure in young children. Also to always 

investigate and treat iron deficiency anemia in all patients who present with febrile seizures to 

prevent possible recurrence. The hypochromic microcytic (HCMC) anaemia will be used in the 

study as a surrogate for iron deficiency anaemia because this is a retrospective study and iron 

studies are not routinely done in all patients admitted with febrile seizures. In our setting the 

most common cause of HCMC anaemia is iron deficiency anaemia. 

2.2. Aim 

To determine the association between hypochromic microcytic anemia and a febrile seizure.  The 

study will be done at Pelonomi Tertiary Hospital from January 2019 to December 2019. 

3.  Study methods 

3.1. Study setting 

The study will be conducted at Pelonomi Tertiary Hospital in Bloemfontein. Children presented 

with acute infective febrile illnesses to the paediatric opinion room will be included in the study. 

Opinion room is a room in the paediatrics ward in the hospital which functions as a referral unit 

for acute pediatric patients. Referred patients are seen there first. They are evaluated and a 

decision is made if the patient needs admission to the paediatric ward. Referrals come from the 
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surrounding clinics, Pelonomi casualty and district level hospitals within the drainage area of 

Pelonomi Tertiary Hospital. 

3.2. Study design 

This will be a retrospective analytical cross sectional study. It will be done over a period of twelve 

months from the 1st of January 2019 to 31st of December 2019. 

3.3. Target Study population and sampling 

Target population will be the children with the age range of 6 months up to 5 completed years 

that presented at Pelonomi Tertiary Hospital with acute infective febrile illness over the period 

of 12 months from January 2019 to December 2019. Per month, approximately 50 patients 

present to Pelonomi opinion room with acute infective febrile illnesses and roughly 10 of those 

patients have febrile seizures. In a year, about 600 patients with acute infective febrile illnesses 

are usually seen. The study will include all patients who meet the inclusion criteria, hence no 

sampling will be required. 

Inclusion criteria 

Patients with the following will be included: 

• The age range of 6 months up until 5 completed years. 

• Presented with acute infective febrile illnesses. 

• Positive history of fever and or documented fever. 

• Full blood count results. 

Exclusion criteria 

All patients with the following will be excluded: 

• Neurodevelopmental delay 

• Known with thalassemia 
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• On iron therapy 

• Metabolic seizure e.g. hypoglycemia, hyponatremia etc. 

• CNS pathology e.g. epilepsy, cerebral palsy (CP), asphyxia history etc. 

• Central nervous system (CNS) infection e.g. meningitis and encephalitis 

3.4 Measurements 

The researcher will use the admission register book in opinion room to identify all the patients 

that were admitted with acute infective febrile illnesses applying the above mentioned inclusion 

and exclusion criteria. Using those names and hospital numbers from admission book the files of 

the patients will be retrieved from the records. Meditech summaries will also be used as the 

source of the information. The full blood count results will also be in the files and in Meditech 

summaries. The researcher will be responsible for all data collection process involved above. 

3.5  Data capturing 

A data collection form has been designed with the REDCap (Research Electronic Data Capture) 

software to collect the following variables: 

• The patient’s date of birth 

• The age at presentation 

• The gender 

• The nutritional status 

• The body temperature 

• The immunization status 

• C-reactive protein 

• Lumber puncture done? Yes or no 

• Brain imaging e.g. MRI CT brain done? Yes or no 

• The patient discharged on anti-epileptics? Yes or not 

• Acute infective febrile illness 

• Febrile seizure duration 
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• The full blood count components such as: Haemoglobin (HB) 

                                                                                        : Mean corpuscular volume (MCV) 

                                                                                        : Mean corpuscular haemoglobin (MCH)  

                                                                                        : Red cell distribution width (RDW) 

                                                                                        : Hypochromic microcytic anaemia (MCHC): 

                                                                                           yes or no 

A data collection form will be designed with the REDCap® (Research Electronic Data Capture) 

software. Study data will be collected and managed using the REDCap database hosted at the 

University of the Free State. REDCap is a secure, web-based software platform designed to 

support data capture for research studies.  

The researcher will enter the data in the database. The researcher and study leader will have full 

access to the study records at all times during the data collection period. The data will be 

exported in Excel format for statistical analysis. 

3.6 Data analysis 

The data will be analyzed by the Department of Biostatistics at the University of Free State. Data 

will be summarized by means of frequencies and percentages for categorical data, and means 

and standard deviation or medians and percentiles for numerical data. Subgroups will be 

compared using 95% confidence intervals for difference in means or medians. Appropriate 

statistical testing (t-test, Mann-Whitney or Chi-squared test) will be performed at 5% significant 

level. 

4. Statistics 

4.1. Pilot study 

Once approval has been obtained from Health Science Research Ethics Committee, the 
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researcher will commence with the pilot study. The pilot study will aid in revealing the prior 

unforeseen challenges of the study and to prove or disprove its feasibility. Any problems noted 

during the pilot study will be accounted for and changes will be made accordingly. Five files will 

be used for the pilot study. These files will be included as part of the study if there are no changes. 

5. Value of the study 

This study will be very valuable and helpful to both patients and health care workers in 

Bloemfontein and South Africa as a whole. It will bring awareness to health care workers of the 

association between iron deficiency anemia and a febrile seizure. 

6. Limitation of the study 

Due to the study being retrospective, results will be limited to blood tests already done. For this 

reason, hypochromic microcytic anemia will be used as an indicator/surrogate for iron deficiency 

anemia as iron studies are seldom done routinely in the study population. Another limitation will 

be incomplete or missing data on the files or Meditech. 

7. Budget 

The budget of the study will be approximately R800 (eight hundred rand). This budget will cover 

all the expected costs for stationery, printing and binding of the manuscript and will be on the 

account of the researcher. The cost will be split as follows: 

• Paper/stationery - R150.00 

• Printing/binding - R500.00 

• Transport to and from Pelonomi hospital (5.6kmx2 at R11.2 per km) - R150 

• Total R800 

  



Page 56 
 

8. Time frame/time line 

Planning of the protocol including literature review: June-July 2019 

Approaching biostatistics               : January 2020 

Ethics committee submission        : May 2020 

Department of health submission: June 2020 

Pilot study and Data collection      : July 2020 

Data analysis                                     : August 2020 

Write up                                             : September-October 2020 

9. Ethical considerations 

Prior to data collection, approval for this study will be obtained from the Health Science Research 

Ethics Committee (HSREC) of the University of Free State as well as the Free State Department of 

Health. 

As the study will be retrospective and data will be obtained from patient files, patient consent is 

not required. The researcher will be the only person responsible for collecting data. Each patient 

record will be assigned with a numerical value therefore excluding any patient identifying data 

from each case. 
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11. Appendices 

 

Appendix A: Lay term summary 

 

Fever is the increase in body temperature caused mostly by infection. Infection is when a germ 

gets into the body and makes a person sick. Seizure is when the brain function is abnormal. 

Seizure makes the body to shake uncontrollably, a person may fall down and roll eyes. During a 

seizure a person loses awareness and is unable to communicate. 

 Anaemia is when haemoglobin is low. Haemoglobin is the most important component in the 

blood. It has many functions and one of them is to carry oxygen throughout the body. There are 

many causes of low haemoglobin. The most important cause is a lack of a substance called iron 

in the body. Iron is a very important substance that helps the body to stay healthy. We get iron 

from eating healthy food. Febrile seizure is when person who has fever develops a seizure. 

Infection is very common is children. A child can have up to ten infections per year. When a child 

has infection, he/she also tends to have fever. Fever increases the chances of having febrile 

seizure. Some studies done outside South Africa have shown that a child who has fever and also 

has anaemeia has higher chances of having a febrile seizure than a child without anaemia . The 

aim of the study is to see if the same also happens in South African people (population) especially 

in Bloemfontein. 

We shall do the study at Pelonomi Tertiary Hospital. We shall include children aged between six 

months and five years who were admitted between 1st of January 2019 and 31st December 2019. 

We’ll collect information from the medical files and fill it into the data form called REDCap. We’ll 

then send the information to a statistician for analysis. The collected information will not include 

anything that will lead to identification of participants.  If the results show that anemia increases 

the chances of having a febrile seizure, then we shall make the health care workers to be aware 

of that and encourage them to look for and treat anaemia in all children to prevent febrile 

seizures. We also hope this study will motivate future studies to expand on this information.  
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Appendix B: Budget 

 

The budget of this study will be approximately R800 (eight hundred rand). This budget will cover 

all the expected costs for stationery, printing and binding of the manuscript and will be on the 

account of the researcher.  

 

The cost will be split as follows: 

Paper/stationery R150.00 

Printing/binding  R500.00 

Transport to and fro PAH (5.7km x2) at 

R11.2 per km   

R150.00 

Total: R800.00 
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