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ABSTRACT

Background: In neonatal period, babies are extremely vulnerable to a variety of diseases and
conditions. The hematopoietic system is one of the systems that can be affected during neonatal
period. In sub-saharan Africa, the burden of neonatal anemia ranges from 23 to 66%. Blood loss,
RBC destruction and decreased RBC production are the threes general causes of anemia in
neonates. Thrombocytopenia is also a common clinical problem in neonatal intensive care unit
(NICU), affecting about 20 to 35% of all admitted neonate.

Objective: To assess the hematological abnormalities and associated factors among neonates
admitted to NICU in Assosa General Hospital, from February 01 to July 27 2022.

Method: Institutional based cross-sectional study was conducted on a total of 175 neonates
admitted to NICU at Assosa General Hospital. A consecutive sampling technique was used to
select study participants. Data was collected using structured questionnaire. One ml of venous
blood was collected in EDTA microtainer tube for complete blood count performed by Sysmex
XN-550 hematological analyser. Blood smear was prepared for peripheral morphology
examination. Data was entered into Epidata version 3.1 and exported in to SPSS version 20 for
analysis. ANOVA, Kruskal-Wallis test, Mann-Whitney U-test and logistic regression model
were used during data analysis. P-values <0.05 was considered as statistically significant.

Result: The overall magnitude of anemia, thrombocytopenia, leukocytosis, and leukopenia in
this study was 29.1%, 20.6%, 11.4%, and 4%, respectively. Caesarean mode of delivery (AOR=
3.11; 95% CI: 1.26-7.68) and house hold monthly income below 2850ETB (AOR= 2.63; 95%
Cl: 1.05-6.63) were found to be associated with anemia in neonate. Sepsis in clinical
characteristics of neonate (AOR= 7.23; 95% CI: 1.18-44.16) was a factor significantly
associated with leukocytosis.

Conclusion: This study demonstrated the predominant existence of anemia, thrombocytopenia
and leucocytosis in neonate admitted to neonatal intensive care unit. Therefore, early diagnosis,
monitoring and intervention for hematological abnormalities are required to prevent mortality

and long-term implications.
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CHAPTER ONE: INTRODUCTION

1.1 Background

Hematopoiesis is the process of generating all types of blood cells including formation,
differentiation, development and maturation of blood cells to produce and supply the blood
system. Hematopoiesis starts with in the yolk sac during the first 2-8 weeks of life and then shift
into the liver and spleen temporarily before finally establishing definitive hematopoiesis in the
bone marrow after 5™ month. All types of blood cells are generated from hematopoietic stem
cells (HSC) that have the potential to self-renewal and develop into all line of blood cells [1].

Hematopoietic system can be significantly affected during complications of neonate [2]. The
hematological parameter examination is the most commonly requested laboratory test. It gives
the physician with qualitative and quantitative information on all type of blood cells that help in
diagnosis, therapy, and monitoring of most hematological disorders as well as other diseases [3].
Knowledge of the normal hematological values of neonate and young children is essential for the
proper interpretation of test results and understanding of the dynamic changes occurring during
that period. In the neonatal period, hematological parameters highly correlates with gestational
age, birth weight, blood sampling site, mode of delivery, maternal anemia, iron folate

supplement during pregnancy and other factors [4].

The neonatal period is defined as the first 28 days from birth [5]. Neonatal period is a sensitive
time in which the neonate has to adapt to absolutely new surroundings and is vulnerable to many
problems, which may indeed be life threatening. Millions of neonates are born annually and a
large extent of them is admitted to the neonatal intensive care unit (NICU) for different clinical
indications. NICU is a specialized unit of a health facility that gives comprehensive and
continuous medical service for neonates who are critically sick and/or preterm with low birth

weight and it provide care for high-risk neonates [6].




Most of neonatal deaths happen in sub Saharan Africa countries [7]. In the developed countries,
the main reason behind morbidity and mortality during neonatal period is intrinsic abnormalities
which are usually non-preventable, but in the developing countries the frequent causes are
infections, anemia, birth asphyxia and pneumonia predominate [8]. Neonatal mortality rate in
Ethiopia is one of the noteworthy in the world. In Ethiopia the most common diagnoses during
admission were prematurity/low birth weight and/or Respiratory Distress Syndrome (RDS),
neonatal sepsis, asphyxia, Meconium Aspiration Syndrome (MAS), hyperbilirubinemia,
congenital anomalies and anaemia [9.10].

Neonatal sepsis can be defined as systemic inflammatory response syndrome in the presence of
infection in a neonate [11]. Neonatal sepsis remains one among the primary reasons of
admissions infants to neonatal intensive care unit throughout the world [12]. Bacterial infection
of neonate significantly alters hematopoietic system such as leukocytosis, toxic granular change
of neutrophil and release immature neutrophils to circulation. These changes are among the most
necessary markers of neonatal septicaemia. The early diagnosis of neonatal sepsis by clinical
examination is imperative. Sepsis Screen is greatly reliable index of early neonatal septicaemia,
with much less expenditure and serves as a good guide for initiating antibiotic therapy [13].

Hematological system is the primary to be influenced in perinatal asphyxia, frequently within the
first hour of birth, even earlier than other systemic changes occur [14]. World health organization
(WHO) has defined perinatal asphyxia as a failure to initiate and sustain breathing at birth [15].
Nucleated red blood cells (nRBC’s) have been suggested as a marker of perinatal asphyxia [16].
In normal newborns less than 10 nRBC’s are found per 100 white blood cells (WBC’s) [17].
Number of nRBCs directly indicates of the degree of oxygen deprivation [16].

Hematological abnormalities are commonly seen in the NICU, thrombocytopenia is the one of
the most common but could be missed in the event that not particularly evaluated for [18].
Thrombocytopenia is defined as platelet count <150 x 10° cells/pl regardless of the gestational
age [19]. Multiple disease processes can cause neonatal thrombocytopenia [20]. The risk factors
related with thrombocytopenia were sepsis, extreme low birth weight, intra-uterine growth
restriction and birth asphyxia [18].




Hematological parameters like hemoglobin (HGB), white blood cell (WBC), and platelet count
are frequently utilized to assess neonates born preterm. [21,22]. Preterm infants encounter a
reduction in haemoglobin concentration after birth, with a decline that typically is more sudden
and more significant than in term infants, reaching haemoglobin concentration of 7 to 9 g/dl at 3
to 6 weeks of age. Preterm infants are at high risk for developing iron deficiency because
unfortunately they could not get the benefit of a full third trimester of gestation. [23].

Understanding the development of the hematopoietic system might be important in the
evaluation of neonates. Anaemia refers to decrement in haemoglobin level to a value more than
two standard deviations below the mean. During fetal life, red cells reduce in size and increase in
number. In late gestation and after birth, erythrocytes gradually shift from the generation of fetal
hemoglobin to adult hemoglobin. After delivery, RBC number starts to decrease because of an
increase in the accessibility of oxygen and down-regulation of erythropoietin. Erythrocyte
number decreases until oxygen delivery is inadequate and erythropoietin production is stimulated
again. [23].




1.2 Statement of the problem

Globally, 2.6 million babies die each year before they achieve the age of one month. Moreover,
one million of this death occurs in their first day of life. The mortality rate of under-five children
has decreased dramatically in recent decades. However, with 7000 neonates dying every day, it
was not significantly decreased in neonates [24, 25]. Eight of the ten countries with the greatest
rates of neonate mortality are in Sub-Saharan Africa. Ethiopia ranked fifth among the ten
countries with highest neonatal death [26-29]. Approximately 70% of these early neonatal
deaths were caused by conditions that could have been anticipated or treated with easily
accessible and cheap medications [30]. Prematurity, perinatal asphyxia and infections like sepsis,
meningitis, and pneumonia account for more than 80% of neonatal deaths [27]. Infections have
been one of the leading diagnoses of in neonatal admissions in neonatal intensive care unit
throughout the world [12].

Neonatal septicaemia cause significant change in hematopoietic system. During the bacterial
infections, bone morrow release elevated number of neutrophils in to the blood circulation
enabling neutrophils to migrate at the site of infection. This enhanced production of neutrophils
appears basic for the host’s immune defence against bacterial infection. As increased number of
neutrophil is released, more & more immature cell reaches the circulation, a process called as
shift to left. This finding has been found valuable in early diagnosis of bacterial infection.
Vacuolation and toxic granulation of neutrophils commonly exist during sepsis, a change never

seen in healthy newborn babies [31].

Erythropoiesis is suboptimal in most premature babies relative to their needs, and RBC survival
is poor (only 40 to 60 days). The suboptimal erythropoiesis seen in premature infants is caused
by the blunted synthetic response of hepatic oxygen sensor to hypoxia in premature infants [32].
The concentration of haemoglobin drop to between 9.5-11 g/dL around 10-12 weeks in healthy
term infants [33]. However, hemoglobin concentration drops to 8-10 g/dL in preterm infants
weighing 1200-1400 g at 4-10 weeks of age, and 6-9 g/dL in preterm infants weighing less than
1200 g at 4-10 weeks of age. Preterm infants have more sever and earlier onset of anaemia than
physiologic anaemia of infancy, which is referred to as anaemia of prematurity (AOP) [34].




Neonatal disease can cause hematological abnormalities commonly thrombocytopenia.
Depending on the population surveyed, the prevalence of neonatal thrombocytopenia ranges
from 1% in healthy term babies to about one-third of neonates admitted to the NICU [35].
Thrombocytopenia is so common in neonate; it is often overlooked in the hope that it will be
improved on its own. However, if thrombocytopenia not treated properly, may have serious
implications such as intracranial and pulmonary haemorrhage, particularly in preterm babies
[18].

Perinatal asphyxia can cause significant change in hematological profile which can be used to
evaluate the severity and consequence of asphyxia [36]. Perinatal asphyxia is one of the leading
causes of morbidity and mortality. According to WHO report, birth asphyxia affects about 3% of
the 120 million infants born every year in developing countries. Each year, it is estimated that
900,000 of these newborns die [15]. Birth asphyxia has adverse influence on the neonatal brain.
While hypoxic-ischemic encephalopathy is the hallmark of severe asphyxia, multisystem failure
including the heart, kidneys, and gastrointestinal systems is common in such cases [36]. Even
though several study finding indicated the risk of neonatal complication on haematological
parameters, studies were not conducted regarding this title at the current study area. Therefore,
the aim of this study was to assess haematological abnormalities among neonates admitted to
neonatal intensive care unit in Assosa general hospital, B/Gumuz region, Western Ethiopia.




1.3 Significance of the study

Since infants are the windows hope for the future development and existence of a country, it is a
great deal to be concerned about their health and safety. During neonatal period, babies are
susceptible for many disease conditions. The haematological parameter analysis can provide
crucial quantitative and qualitative data enabling the detection, investigation, and monitoring of
most hematologic disorders as well as many other diseases.

The findings in the present study will help to generate information about the hematological
parameter of sick neonate. Early assessment of hematological parameters will have paramount
significance for early detection and management of hematological disorders like anemia and
lower the risk of developing further complication and death. Moreover this study will gives a
baseline data for further investigation on hematological parameters and associated factors of
neonate in the current study area and at a larger scale in the country. Additionally, the result of
this finding will be used by governmental and non-governmental organizations and health care
providers. The results of this study will be therefore feed-backed to neonatal intensive care unit
of the hospital. Physician, nurses and policy makers as well as and Benishangul Gumuz regional
heath office administration will also be benefitted in providing appropriate intervention and care

for neonate.




CHAPTER TWO: LITERATURE REVIEW

The first 28 days are almost pivotal and hazardous period of human life compared to any other
time. Neonatal period is the most vulnerable time for variety of diseases conditions and most of
morbidity and mortality are preventable [24.37]. Neonates have low immune system, they are
prone to infection and most of the illnesses they acquire usually require critical care. During
neonatal period haematological parameters can be affected by several variables. Hematological
parameters correlates highly with gestational age, birth weight, blood sampling site, mode of
delivery, sepsis, birth asphyxia and other factors [2]. There are some literatures about

haematological parameters and neonate with different clinical condition in different countries

According to prospective observational study carried out on 258 neonates admitted to NICU over
a period of two years from 2007 to 2009, thrombocytopenia in the study group was 70.5%. This
was 93.7% of the high-risk group and 41.7% of the low-risk group in which the difference was
found to be statistically significant with p <0.05. Sepsis was the most common main high-risk
factor for thrombocytopenia. Other risk factors include low birth weight (LBW) babies; babies
born to pre-eclamptic mothers and babies with birth asphyxia. Around 55.9% of cases of
thrombocytopenia in the high-risk group had bleeding manifestation. This was in the form of
petechial in 40% followed by pulmonary haemorrhage in 33.3% cases, bleeding from multiple
sites in 24% [18].

A cross-sectional study was conducted in a total of 94 Neonates with suspected septicaemia in
Warangal, Telangana, during the period of two year, from 2014 to 2016. Toxic granulation,
leukopenia and immature neutrophil to total neutrophil ratio are among the indirect markers of
neonatal infection. When these indirect markers are collectively studied, they can provide an
extremely reliable index of neonatal sepsis much earlier and serve as a useful guide for initiating
antibiotic therapy. Leucopenia, toxic granulation, increased immature neutrophil to total
neutrophil ratio (<0.2) and thrombocytopenia (<100 x 10° /uL) were 40.9%, 68.18%, 50% and
39% of neonate respectively with positive culture result and 20.8%, 45.8% , 23.66% and 25.3%
of neonate with negative culture result. [13]




Another study conducted on haematological profile in 108 clinically suspected cases of
neonatal Sepsis, 24 (22.22%) had proven sepsis and 24 (88.89%) probable sepsis group
neonates. 75% of cases of proven Sepsis showed morphologic changes in PMN either as toxic
granulation, vacuolisation or both. Out of neonates with proven Sepsis 16.6% had leucocytosis,
20.9% had leukopenia, and 62.5% had WBC count within the reference range. However, only
1.75% of the no sepsis neonates had leukopenia. 79.2% of neonates with proven Sepsis, 77.8%
neonates with probable Sepsis and 29.8% of neonates with the no sepsis group had elevated
band forms counts. 37.5% of neonates with proven Sepsis, 37.1% of neonates with probable
Sepsis and 12.3% of the no sepsis group had thrombocytopenia. 29.1% proven sepsis group
neonates, 18.52% probable sepsis group neonates and 10.5% no sepsis group neonates showed
low levels of haemoglobin and hematocrit [38].

Case control study conducted on premature neonates in Lahore, Pakistan in 2018. A total of 200
study subjects were involved, 100 premature infants and 100 normal infants were taken as
healthy control. Significantly low levels of RBCs, platelets, hematocrit, neutrophil counts, and
hemoglobin were recorded in preterm infants (3.09+0.18 x 10%uL, 165.99+10.96 x 10%/uL
31.29+3.42 %, 3.88+0.42 x 10%/uL and 9.26+1.44 g/dL) as compared to full-term healthy infants
(4.26+0.27 x 10%pL, 314.58+14.16 x 10%pL, 39.35+3.16%, 5.26+0.58 x 10°/uL and
14.19+1.05¢/dL) respectively. On the other hands, the levels of WBC was significantly increased
in preterm anemic infants, 10.26+0.13 x 10%/pL as compared to full term healthy infants,
7.33+0.88 x 10°/uL [39].




According to case control study conducted on neonates with perinatal asphyxia in Gwalior, India
in 2016. A total of 200 neonates were involved, 100 cases and 100 controls. A Significant
difference is seen in mean values of nucleated RBCs among the cases and controls (p value
<0.001). Among cases mean RBC count was 10.85 + 6.39 x 10°/uL, while among control group
mean was 5.91 + 3.60 x 10%/uL. Mean Total Leukocyte count was found 17.06 + 7 x 10%/uL
among cases while among control mean was 14.14 + 4.15 x 10*/uL, which was significant.
Similarly, significant difference was found in mean Hb, 16.86 + 2.48 g/dL among cases while
16.00 + 2.52 g/dL among control group. Mean haematocrit was 51.01 + 6.22 % among cases
while 49.24 + 7.98 % among control group, which was insignificant. Similarly, insignificant
difference was found in mean platelet count. An association of polychromatia and perinatal
asphyxia was found. Among both group 24% cases of birth asphaxia had polychromatia while
only 2% had polychromatia among control group which was found significant [36].

Comparative study was conducted on haematological parameters of newborns delivered
vaginally versus caesarean section in Menoufiya, Egypt in 2013. A total of 72 neonates were
involved, group I included 31 neonates delivered vaginally and group Il included 41 neonates
delivered by caesarean section. The CBC parameters were examined in full-term neonates by
their mode of delivery. The Hb, RBC count, Hct, platelets, total leucocyte count, eosinophils and
basophils were found to be higher in vaginally born infants than infants delivered by caesarean
section (P < 0.001). The mean corpuscular volume (MCV), mean corpuscular haemoglobin
(MCH), mean corpuscular haemoglobin concentration (MCHC), red cell distribution width,
lymphocytes and monocytes showed no significant differences in these two groups. On
comparing the CBC parameters in preterm neonates by their mode of delivery, the Hb, RBC
count, Hct, mean corpuscular, MCH, red cell distribution width, platelets, total leucocyte count,
eosinophils, lymphocytes and neutrophils were found to be higher in vaginally born infants than
infants delivered by caesarean section (P< 0.001). The MCHC, basophile and monocyte showed

no significant differences between these two groups [40].




According to prospective cohort study conducted on 216 neonates admitted to neonatal care unit
of a tertiary care hospital in Addis Ababa in 2015, the most common primary diagnoses at
admission to the neonatal care unit were prematurity with respiratory problem (36.6%), neonatal
sepsis (22.7%), and asphyxia (16.2%). High case fatality was observed among neonates with the
diagnosis of prematurity with respiratory problem (40.5%) and asphyxia (40.0%). Under
multivariate analysis, diagnosis of asphyxia was an independent predictor of mortality (AOR
=5.817; 95% CI: 1.611-20.977), while gestational age above the mean of the study population
(36.6 weeks) was protective of mortality (AOR =0.683; 95% CI: 0.588-0.795) [9].

According to cross sectional study conducted on 192 neonates in Gondar comprehensive
specialized hospital, Northwest Ethiopia, in 2019, the Hgb value ranges from 4.2-20 g/dl with a
median (IQR) value of 15 g/dL (13.9-16.2 g/dL). The overall prevalence of anemia among
newborn babies was 25% with a prevalence of 29.2 % and 20.8% among male and female
newborn babies, respectively. Based on severity of anemia, 89.6, 6.3, and 4.2% were mild,
moderate and severe anemia, respectively. Of the total anemic newborn babies, 14.5% (7/48) had
microcytic hypochromic type of anemia and 85.5% (41/48) had normocytic normochromic
anemia type. Based on maternal occupation, 26.9% anemic newborn babies were born from
mothers who were a housewife in their occupation. The prevalence of anemia among low and

normal birth weight newborn babies was 16.7 and 25.9%, respectively [41].

A facility-based cross-sectional study involving 278 newborns was conducted in Nekemte
specialized hospital, Western Ethiopia, from October to November, 2020 with an interview
based questionnaire that included maternal socio-demographic and obstetrics characteristics,
newborn’s weight and sex. Newborns delivered by caesarean section were 4.17 (95% C.I.: 1.89-
9.20, P < 0.001) times more likely to be anemic compared to newborns delivered vaginally.
Similarly, newborns from mothers with anemia during pregnancy were 3.95 (95% C.I.: 1.97—
7.92, p < 0.001) times more likely to be anemic than newborns from non-anemic mothers. The
risk of developing anemia in newborns born to mothers without iron-folate supplementation
during pregnancy was 2.17 (95% C.l.: 1.07-4.41, p=0.032) times higher than that of newborns
born to mothers with iron-folate supplementation [42].
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Figure 1: conceptual frame work showing socio demographic factors, clinical and obstetric

characteristics influencing hematological parameters of neonate.
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CHAPTER THREE: OBJECTIVES

3.1 General objective

To assess the hematological abnormalities and associated factors among neonates admitted to
NICU in Assosa General Hospital, Western Ethiopia, from February 01 to July 27 2022.

3.2 Specific objective

% To assess haematological parameters among neonate admitted to NICU at AGH during
study period.

% To determine the prevalence of hematological abnormality among neonate attending
NICU at AGH during study period.

s To assess associated factors of hematological abnormality among neonate attending
NICU at AGH during study period.
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CHAPTER FOUR: MATERIALS AND METHODS

4.1 Study area

The study was conducted among NICU neonate in Assosa general hospital, Assosa, Benishangul
gumuz regional state, western Ethiopia. The town is the administrative center of the B/gumuz
Regional State, located 663 km away from Addis Ababa, the capital city of Ethiopia. Based on
figures from the Central Statistical Agency in 2007, Asosa has an estimated total population of
22,725. It found at latitude & longitude of 10°04'N and 34°31'E respectively with elevation of
1570 meter above sea level & its maximum temperature range from 29.4-38.5 ° ¢ & minimum
from 5% -10°, also its average annual rain fall is 1236mm. Assosa general hospital is found in
Assosa town, it provides comprehensive health care services including neonatal intensive care
(NICU) and laboratory services. The hospital is giving service for more than 100 thousand
population living in and around Assosa. The hospital laboratory is performing several laboratory
investigations including CBC and peripheral morphology examination [43].

4.2 Study design and period

Institutional-based cross-sectional study was conducted among neonate admitted to NICU in
Assosa general hospital from February 01 to July 27 2022.

4.3 Population

4.3.1 Source population

All neonates admitted to NICU in Assosa general hospital.
4.3.2 Study population

All neonates admitted to NICU in Assosa general hospital from February 01 to July 27 2022.
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4.4 Eligibility Criteria

4.4.1 Inclusion criteria.

v Neonates attending NICU of Assosa general hospital during the study period whose parent

was willing to give informed consent for participation of their baby.

4.4.2 Exclusion criteria

v Neonates with history of previous blood transfusion or exchange.

v Neonates with invisible vein there by unable to collect blood

v Neonates with serious illness thereby puncturing and drawing blood was suspected to be a

risk to neonate.

4.5 Sample size determination and sampling technique.

4.5.1 Sample size determination

The sample size was determined using single

population proportion formula by considering

the following assumptions:-

v’ 21% prevalence of anemia from the
previous study done in Netherland [44].

v 95% confidence interval (Z = 1.96)

v 5% maximum allowable error (w = 0.05)

Za/2%p(1-
Ng= p(1-p)

w2

Where no= initial sample size
P= previous prevalence, 0.21
w= margin of error, 0.05

Z,,.= 196, the standard normal
distribution at 95% confidence level

Using the formula, an initial sample size is 255.

According to data from AGH, 420 NICU
admissions were taken place over one year in
2019/20. Since 420 was less than 10,000, the
required sample size was calculated using a
finite population proportion formula.

no
n=— oy
1+(W

Where no= initial sample size, 255
N= source population, 420
n=required sample size

According to finite population proportion
formula, the required sample size was 1509.
Adding 10% of the sample size as a
contingency for non-response rate, the total
sample size is 175.
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4.5.2 Sampling technique

Consecutive sampling technique was used to select eligible neonate from NICU admission.

4.6 Measurement variables

4.6.1 Dependent variable

v" Hematological parameters and hematological abnormalities

4.6.2 Independent variables

Neonatal socio-demographic
Characteristics

v’ Age

v’ Sex

v Gestation age

v’ Birth weight

Clinical characteristics of neonates

v
v
v
v
v
v

Perinatal asphyxia

Neonatal sepsis

Jaundice

Congenital anomaly

Meconium aspiration syndrome

Prematurity

Maternal socio —demographic factors
v Age

v" Place of residence
v Marital status

v Educational level
v Occupation

v House hold monthly income

Maternal Obstetric factors

v
v
v

AN N N N Y NN

ANC follow up for current pregnancy
Frequency of ANC visit

Iron-folate  supplementation  during
pregnancy

Parity

Mode of delivery

Duration of labor

Complication during pregnancy

MUAC

Maternal bleeding

Maternal anemia

current

——
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4.7 Data collection

Prior to data collection, all parents of study subject was formally informed regarding to the
objective and importance of this research in providing scientific information about hematological
parameters of neonates and will benefit study participants by early detection of hematological
abnormality, if any, for appropriate therapy. All eligible neonates attending NICU during study
period was included. All necessary socio-demographic, clinical related and laboratory data were
collected and retained appropriately.

4.7.1 Socio-demographic and clinical related data

A structured questionnaire was used to collect socio-demographic and clinical related data
through interview and reviewing medical record which was conducted by trained data collector.
After data collection, questionnaire was checked for the completeness and blood sample was
collected for the analysis of hematological parameter.

4.7.2 Laboratory data

Around One ml of venous blood specimen was collected from dorsal hand veins or the veins of
the antecubital fossa by trained NICU nurses from each study participant. Venipunctured
specimens was collected into EDTA microtainer (2ml) test tube and processed within 4 hours of
collection. The specimen was analysed for complete blood cell count and peripheral morphology
examination. Sysmex XN-550 (Sysmex Corporation, Japan) hematological analyser was used to
determine complete blood count. Wright’s stain was used to stain blood smear to look at
morphological characteristics of cells. The peripheral smear was examined by a senior laboratory
technologists and principal investigator. Standard operating procedure was strictly followed in
each step to maintain quality of the laboratory results.
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4.8 Data quality assurance and management

Before the study conducted the data and specimen collectors were oriented to ensure quality of
the data. Training/orientation was also given in specimen collection to apply standard operational
procedures to minimize pre analytical error and to ensure the quality of test result. An English
version questionnaire was translated to Amharic and then it was translated back into English by
independent translator to check for consistency. After data collection process, the data was
checked for completeness and incomplete or misfiled questioners were identified and corrected.
All reagents was checked for their expiry date and prepared according to the manufacturer’s
instructions. Quality control sample was used. All specimens was analysed in one laboratory
with the same haematology analyser and the same trained professionals. The overall data
collection, application of standard procedure and accuracy of test results was checked by

principal investigator.
4.9 Operational definition

Hematological parameters: are parameters such as RBC parameters (RBC count,
Hgb, HCT), RBC indices (MCV, MCH, MCHC), WBC parameters (total WBC and differential
counts), platelet count, MPV and peripheral morphology.

Hematological abnormality: is defined by the presence of anemia or polycythemia, or
leucocytosis or leukopenia or thrombocytosis or thrombocytopenia,

Neonate: An infant whose age is <28 days.

Preterm neonate: Newborn delivered before completed 37 weeks of gestational age.

Low birth weight (LBW): is defined as weight of the new born at birth less than 2500 g.
Thrombocytopenia: is defined as a platelet count <150,000cells/pl.

Maternal anemia: as Hgb <11g/ dL

Leukocytosis: is defined as WBC count > 25000 cells/ul

Leukopenia: defined as WBC count < 5000 cells/pul

Neonatal anemia: is defined as Hgb <13g/dL for term and <15g/dL for preterm neonates.
Moderate anemia: Hemoglobin value between 7 gm/dL-10 g/dL.

Severe anemia: Hemoglobin < 7 g/dL [42, 45].
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4.10. Data processing and analysis.

The data was coded and entered in to Epidata version 3.1 and was exported to Statistical Package
for the Social Science (SPSS) statistical software version 20 which was used to analyse the data.
Descriptive statistics (mean, median, frequency, percentage) were used to summarize the
characteristics of study participants and the results were presented in tables and charts. One-way
analysis of variance (ANOVA) was used in the analysis to compare the difference in mean of
hematologic parameters between different clinical characteristics of neonate. Kruskal-Wallis test
with median (IQR) was used for data not normally distributed. In both condition, P value <0.05
was considered as statistically significant. A binary logistic regression model was used to
identify factors associated with hematological abnormalities. The Hosmer-Lemeshow goodness-
of-fit test was used to assess the fitness of the model. Independent variables having a p-value less
than 0.25 in bi- variable analyses were included in the multi-variable analyses to control
confounders. Both crude odds ratio (COR) and adjusted odds ratio (AOR) with the
corresponding 95% confidence interval were used to show the strength of association. P-value
<0.05 in the multi- variable binary logistic regression model was considered as statistically
significant.

4.11 Ethical clearance.

Ethical issues were considered in all steps of research process. Ethical clearance was obtained
from the Institutional review board of Institute of Health, Jimma University. Letter of
cooperation was written to Assossa general hospital. Assosa general hospital manager was asked
for permission to use medical records of neonates. The purpose, benefit and procedure of study
were clearly explained and a written informed consent was obtained from parents of the neonate.
Parents were also informed that all data will be kept confidential by using codes instead of
personal identifier. The specimens collected from the participants were analyzed only for the
intended purposes. All laboratory test results during the research process were informed to the

clinician for proper management of the neonate.
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4.11 Dissemination of the result.

The finding of this study will be submitted to Jimma University, Institute of Health, Faculty of

Health Sciences, School of Medical Laboratory Science. The finding of this study will also be
submitted to B/G regional health office and Assosa general hospital. The findings of this study
will be also published in peer-reviewed scientific journals. The finding will be presented on

different scientific forums both in Ethiopia and abroad.
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CHAPTER FIVE: RESULT

5.1 Socio-demographic characteristics

A total of 175 neonate and their mothers enrolled to this study; of the participants, 112 (64%)
were males. Regarding their age distribution, 111 (63.4%) had less than 72 hours, 55 (31.4%)
were between 3 and 7 days and 9 were between 8 and 28 days old. The median (IQR) birth
weight of the neonate was 2867 (1995-3200) g. (Table 1)

Parent of the neonates were interviewed. About 60 (34.3 %) of them had a monthly family
income below World Bank’s extreme poverty line of $57 per month or 2850 ETB. Out of 175
respondents, 103 (58.9%) were urban dwellers and 163 (93.1%) were married. All mothers are
under the age category of 20-34 years. Regarding their educational status, 29 (16.6 %) had no
formal education. About 72 (41.1%) of mothers were housewives. (Table 2)

Table 1 : Socio-demographic characteristics of neonates admitted to NICU at Assosa general
hospital, Western Ethiopia, February to July, 2022 (n=175).

Variable Category Frequencies Percentages
(n=175) (%)

Age (Neonate) <72 hours 111 63.4
3-7 days 55 31.4
8-28 days 9 51

Sex (Neonate) Male 112 64.0
Female 63 36.0

Gestational age Pre-term 61 34.9
Term 114 65.1

Birth weight <2500 g 58 33.1
>2500 g 117 66.9
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Table 2: Socio-demographic characteristics of mothers of neonate admitted to NICU at Assosa
general hospital, Western Ethiopia, February to July, 2022 (n=175).

Variable Category Frequencies Percentages
(n=175) (%)
Residence Rural 72 41.1
Urban 103 58.9
Marital status Married 163 93.1
Unmarried 12 6.9
Educational status No formal education 29 16.6
Primary school 38 21.7
Secondary school 51 29.1
College and above 57 32.6
Occupation Employed 67 38.3
House wife 72 41.1
Daily labourer 36 20.6
Household monthly <2850ETB 60 34.3
income >2850ETB 115 65.7

5.2 Maternal obstetric and neonatal clinical characteristics

The majority of mothers, 118 (67.4%) had antenatal care check-up. About 117 (66.9%) mothers
had taken iron folate supplementation during pregnancy. About 15 (8.6%) mothers had bleeding
experience during their pregnancy. Of the total neonate, 83 (47.4%) were born from multigravida
mother. About 159 (90.9%) mother had duration of labor less than 24 hours. Most of the babies,
114 (65.1%) were delivered through spontaneous normal vaginal delivery. Most of the neonate
78 (44.6%) had clinical diagnosis of sepsis. Regarding the maternal MUAC, majority of mothers
150 (85.7%) had MUAC level above 23cm. (Table 3)
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Table 3: Maternal obstetric and neonatal clinical characteristics of neonate admitted to NICU at
Assosa general hospital, Western Ethiopia, February to July, 2022 (n=175).

Variable Category Frequencies Percentages
(n=175) (%)
ANC follow up Yes 118 67.4
No 57 32.6
Frequency of ANC visit 1 visit 5 4.2
2-3 visit 44 37.3
4 and above 69 58.5
Iron-folate Yes 117 66.9
supplementation No 58 33.1
Parity Primipara 92 52.6
Multipara 83 47.4
Mode of delivery Vaginal delivery 114 65.1
Caesarean section 61 34.9
Duration of labor <24 hours 159 90.9
>24 hours 16 9.1
Complication during Yes 36 20.6
pregnancy No 139 79.4
Type of complication APH 7 19.4
Pre-eclamsia 4 11.1
Ecclamsia 10 27.8
Obstructed labour 8 22.2
PPH 4 11.1
Malaria 3 8.3
Maternal anemia Hgb < 11g/dl 16 9.1
Hgb > 11g/dl 156 90.9
Bleeding during Yes 15 8.6
pregnancy No 160 91.4
MUAC <23 cm 25 14.3
>23 cm 150 85.7
Clinical characteristics Neonatal sepsis 78 44.6
of neonate Perinatal asphyxia 40 22.9
Meconium aspiration 28 16.0
syndrome
Prematurity 29 16.6
[2)



5.3 Hematological parameters and magnitude of hematological abnormalities

The range of WBC count was 3.57 - 56.9x10% cells/uL, with a median (IQR) value of
14.69(10.79 — 17.88) x 10° cells/uL. Leukocytosis was detected in 20 (11.4%) neonate whereas;
leukopenia was detected in 7 (4%) neonate. The range of platelet count was 36 - 450 x
10%cells/uL, with a median (IQR) value of 218 (160 - 303) x 10%cells/uL. Thrombocytopenia was
detected in 36 (20.6%) neonate. Hemoglobin level ranges from 6.5 — 22 g/dL, with a mean £ SD
value of 15.35 £ 3.29 g/dL. The overall magnitude of anemia was found to be 29.1%. Among
anemic neonate, 28 (21.2%) were males and 23 (31.9%) were from rural dwellers. The
prevalence of anemia among preterm and term was 32.8% and 27.2%, respectively. (Table 4,
Figure 2)

Table 4: Hematological parameters of neonate admitted to NICU at Assosa general hospital,
Western Ethiopia, February to July, 2022 (n=175).

Parameters Ranges Median (IQR) Mean +SD
WBC (10°/ul) 3.57-56.90 14.59 (10.79-17.88)* -
Neu (10°/ul) 1.47-30.60 8.08 (5.32-10.90)* -
Lymph (10%/ul) 0.91-37.87 3.65 (2.42-4.84)* -
Mon (10%/pl) 0.20-4.46 1.68 (1.14-2.37)* -
Eos (10%/ul) 0-1.53 0.80 (0.10-0.20)* -
Bas (10°/ul) 0.01-1.88 0.70 (0.40-0.15)* -
RBC (10°/ul) 2.22-6.56 4,53 (3.90-5.13)* -
MCV (fl) 56.3-128.0 109.30 (102.40-115)* -
MCH (Pg) 17.1-41.1 32.2 (33.3-36.60)* -
MCHC (%) 28.0-37.8 32.4 (31.40-33.30)* -
RDW (%) 12.1-21.6 17.1 (16.00-18.20)* -
Platelet (10%/ul) 36-450 218.0 (160.0-303.0)* -
MPV (fl) 7.8-13.1 - 10.05 + 0.94**
Hgb( g/dI) 6.5-22.0 - 15.33 +3.26**
HCT (%) 19.4-68.3 - 47.22 +10.36 **
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Note: ** data presented as mean * standard deviation, * data presented as median with
interquartile range.

Abbreviations: SD, Standard Deviation; IQR, Inter Quartile Range; WBC, white blood cell;
Neu, neutrophil; Lym, lymphocyte; Mon, monocyte; Bas, basophil; Eos, eosinophil; RBC, red
blood cell; Hgb, hemoglobin; HCT, hematocrit; MCV, mean cell volume; MCH, mean cell
hemoglobin; MCHC, mean cell hemoglobin concentration; RDW, red blood cell distribution
width; MPV, mean platelet volume.

35
30
25
20
15
10

29.1%

Figure 2: Magnitude of hematological abnormalities among neonate admitted to NICU at
Assosa general hospital, Western Ethiopia, February to July, 2022 (n=175).
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5.3.1 Severity of anemia

The severity of anemia was classified based on their Hemoglobin levels. Hemoglobin value
between 7-10 gm/dL was categorized under moderate anemia. Whereas, haemoglobin value < 7
gm/dL was considered as severe anemia. Accordingly, among 51 anemic neonate, 1 (2%) were
found to be severely anemic, whereas 10 (19.6%) and 40 (78.4%) were moderately and mildly
anemic, respectively. (Figure 3)

Hemoglobin (g/dl)

1,0.57%

m Normal

m Mild anemia
- Mod. anemia
W Sever anemia

Figure 3: Hemoglobin profiles among neonate admitted to NICU at Assosa general hospital,
Western Ethiopia, February to July, 2022 (n=175).
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5.4 Hematological abnormalities and their associated factors

5.4.1 Anemia and associated factors

First, a bivariable logistic regression analysis was performed for all independent variables.
Associations between dependent and independent variables resulted in a p-value of <0.25 in
bivariable analysis were identified as candidate for multivariable logistic regression. Backward
LR method was used during multivariable logistic regression. Based on the analyses, birth
weight less than 2500g, family monthly income less than 2850 ETB, not having ANC follow up,
not taking iron-folate supplement, caesarean mode of delivery, having more than 24 hours in
duration of labor, being anemic mother and having bleeding during pregnancy were identified as
candidate for multivariable logistic regression. However, only having family monthly income
below 2850 ETB (AOR= 2.63; 95% CI: 1.05-6.63) and caesarean mode of delivery (AOR=
3.11; 95% CI: 1.26-7.68) have remained associated factors with anemia in the multi-variable
logistic regression analyses. ANC follow up and iron-folate supplement were dropped to solve
multicollinearity problem (VIP>10) (Table 5).
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Table 5: Logistic regression analyses of anemia and explanatory variables among neonate
admitted to NICU at Assosa general hospital, Western Ethiopia, February to July, 2022 (n=175).

Variables Categories Anemia COR (95% CI) P- AOR (95% CI) P-
Yes No value value
Birth weight >2500 g 30 87 1.00
<2500 ¢ 21 37 0.61 (0.31-1.20)*  0.15
HH monthly >2850 ETB 40 75 1.00 1.00
income <2850 ETB 11 49 2.38 (1.13-5.07)* 0.025 2.63 (1.05-6.63)* 0.040
Duration of <24 hours 49 110 1.00
labor >24 hours 2 14 3.12 (0.68-14.25)* 0.142
Mode of Vaginal 42 72 1.00 1.00
delivery delivery
Caesarean 9 52 3.37 (1.51-7.53) * 0.003 3.11 (1.26-7.68)* 0.014
section
Maternal Hgb >11g/dl 44 115 1.00
anemia Hgb <11g/dI 7 9 0.49 (0.17-1.40)* 0.184
Bleeding No 44 120 1.00
during Yes 7 8 0.43 (0.15-1.27)*  0.126
pregnancy

Note: COR: Crud Odds Ratio, AOR: Adjusted Odds Ratio, CI: Confidence Interval,
*: Statistically significant association (p-value <0.25 for COR whereas, p<0.05 for AOR)
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5.4.2 Leukocytosis, leukopenia and their associated factors

Both bi-variable and multi-variable binary logistic regression analyses were done to assess
associated factors for leukocytosis. The variables that were statistically associated with
leukocytosis was sepsis in clinical characteristics of neonate (AOR= 7.23; 95% CI: 1.18-44.16)
(Table 6). Both bi-variable and multi-variable binary logistic regression analyses were done to
assess factors associated with leukopenia. However, any of the variables did not show
statistically significant association in the multi-variable binary logistic regression model.

Table 6: Logistic regression analyses of leukocytosis and explanatory variables among neonate

admitted to NICU at Assosa general hospital, Western Ethiopia, February to July, 2022 (n=175).

Variables Categories Leukocytosis COR (95% ClI) P-value AOR (95% ClI)
Yes No
Sex Male 10 102 1.00
Female 10 53 0.52 (0.20-1.33)* 0.171
Residence Urban 6 97 1.00
Rural 14 58 0.26 (0.09-0.70)* 0.008
Clinical Sepsis 5 73 3.04 (0.81-11.42)*  0.099 7.23(1.18-44.16)*
diagnosis of  PNA 5 35 1.46 (0.38-5.59) 0.582
neonate MAS 5 23 0.96 (0.25-375) 0.951
Prematurity 5 24 1.00 1.00
Educational ~ No formal
status Education 0 29 1.64 (0.68-10.33) 0.892
Primary school 14 24 0.13 (0.04-0.43)* 0.001
Secondary school 2 49 1.85 (0.34-10.55) 0.489
College & above 4 53 1.00
Household >2850ETB 10 105 1.00
monthly <2850ETB 10 50 0.48 (0.19-1.22)* 0.121
income
Complication No 19 120 1.00
during Yes 1 35 5.54 (0.72-42.89)*  0.101
pregnancy

Note: COR: Crud Odds Ratio, AOR: Adjusted Odds Ratio, CI: Confidence Interval,
*: Statistically significant association (p-value <0.25 for COR, whereas p<0.05 for AOR)
Abbreviations: PNA: Perinatal Asphyxia, MAS: Meconium Aspiration Syndrome,
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5.4.3 Thrombocytopenia and associated factor

To determine the association between the independent variables and thrombocytopenia, both
bivariable and multivariable binary logistic regression was done. Based on the analyses, Being
female in sex, being preterm in gestational age, PNA and MAS in clinical diagnosis and having
complication during pregnancy were identified as candidate for multivariable logistic regression.
However, none of the variables found to be significantly associated with thrombocytopenia in

multivariate logistic regression analysis.
5.5 Hematological abnormalities based on clinical characteristics of neonate

Anemia was observed in 22 (43.14%) neonate with clinical diagnosis of sepsis and 13 (25.49%)
neonates in each clinical diagnosis of meconium aspiration syndrome and prematurity. Majority
thrombocytopenia, 16 (44.44%) was detected in neonate with clinical diagnosis of sepsis
followed by MAS, 11 (30.56%). Leukopenia was detected in 5 (71.43%) and 2 (28.57%)
neonates with clinical diagnosis of sepsis and perinatal asphyxia respectively (Table 7).
Statistically significant association was seen between neonatal sepsis with toxic granulation and
NuRBC (p<0.05) (Figure 4).

Table 7: Hematological abnormalities based on clinical characteristics of neonate admitted to
NICU at Assosa general hospital, Western Ethiopia, February to July, 2022.

Hematological Sepsis PNA MAS Prematurity Total
abnormalities

Anemia 22 (43.14%) 13 (25.49%) 3(5.88%) 13 (25.49%) 51
Thrombocytopenia 16 (44.44%) 3 (8.33%) 11 (30.56%) 6 (16.67%) 36
Leukocytosis 5 (25%) 5 (25%) 5 (25%) 5 (25%) 20
Leukopenia 5 (71.43%) 2 (28.57%) 0 (0%) 0 (0%) 7

Abbreviations: PNA, Perinatal Asphyxia; MAS, Meconium Aspiration Syndrome.
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Figure 4: Association between neonatal sepsis and toxic granulation among neonate admitted to
NICU at Assosa general hospital, Western Ethiopia, February to July, 2022 (n=175).
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CHAPTER SIX: DISCUSSION

Total of 175 neonates were included in this study. Male neonates constituted for more than half
(64%) of our study population which is comparable to a study from Iran (51.3%) [46]. However,
constituent of male was found to be higher than reports from Indonesia (48.6%), Nigeria
(42.4%), Nekemte (49.3%), and Gondar (50%) in Ethiopia [47,48,41,42]. In our study, a great
majority of neonates were born at term (65.1%) which is comparable to a study from Turkey
(73.6%) and Indonesia (85.7%) [47,49]. However the constituent of neonate born at term in our
study was higher than that of studies reported from Iran (34.1%) [50] and Saudi Arabia (51.9 %)
[51]. Neonates with low birth weight constituted for 33.1 % of our study population which was
significantly lower than study from India (62.5%) [52]. However, the constituent of neonates
born with low birth weight in this study was higher as compared to study from Indonesia
(20.7%) [47] and Nigeria (13.6%) [48]. The possible reason for lower constituent of neonate
with LBW in study from Indonesia and Nigeria may be the difference in sample size
(Indonesia=135, Nigeria=132) and study population, newborns before age of 24 hours are
included.

Out of the 175 neonates included in the study, 51 (29.1%) anemia, 36 (20.6%)
thrombocytopenia, 20 (11.4%) leukocytosis and 7 (4%) leukopenia were detected. The
prevalence of anemia in this study compared to WHO public health limits indicates a moderate
public health problem [53]. Due to reduced oxygen-carrying capacity; anemia has a still serious
public health implication that leads to neonatal morbidity and mortality [54]. Caesarean mode of
delivery and family monthly income below 2850 ETB were risk factors which have been

associated with anemia in neonate.

The prevalence of neonatal anemia in our study is consistent with studies from Rio de Janeiro in
Lagos Nigeria (35%), Bosnia (29.3%), Gondar in Ethiopia (25%) and Brazil (32.6%) [55-58].
The observed prevalence of in our finding is lower than the studies in Ghana (57.3%), [59]. The
possible reason for the lower prevalence in our study may be due to difference in sample size and
study population. A study in Ghana was conducted on a sample of 1154, about half of the
mothers of whom had HIV or malaria infection.
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In addition, the observed prevalence of anemia in our finding is lower than that of studies in
Nigeria (65.6%) and Benin (61.1%) [60,61]. The possible reason for the lower prevalence
observed compared to the study in Benin and Nigeria may be the study was conducted among
newborn only delivered from malaria-infected mothers, however, all neonates admitted to NICU
were included in our study. Malaria parasites transmitted to the fetus through congenital and
destroyed the fetal RBC [62]. This leads to lower hemoglobin value and subsequently increases
prevalence of newborn anemia in Benin study as compared to our study. In addition, sample size
difference may be another contributing factor for the discrepancy in report from Benin; it was
prospectively studied for over one-year with 617 mothers and 656 newborns.

Moreover, anemia prevalence in this study was lower compared to the study reported from Iran
(53%) [63]. The possible reason for this discrepancy might be attributed to variation in study
participants based on the mode of delivery. In Iran, all study participants were born through
caesarean section, whereas the majority of our study participant was born through normal vaginal
delivery. During caesarean section, there may be accidental incision of the placenta, results
bleeding leading to anemia as compared to normal vaginal delivery.

The results of the current study revealed a higher prevalence of neonatal anemia than studies in
New York, USA (21%) and Netherlands (21%) [64,65]. The lower prevalence in New York and
Netherland could be due to the difference in the socio- demographics and economic status of the
mothers. The results of the current study also revealed a higher prevalence of neonatal anemia
than studies in southern Malawi (23.4%) [66]. The possible reason for this discrepancy may be
due to the use of a lower Hgb limit (<12.5g/dl) in the Malawian study. In addition, the results of
the current study revealed a higher prevalence of neonatal anemia than studies in Nepal (5.7%)
and Addis Ababa (9%) [67,68]. The difference between our study and studies from Nepal and
Addis Ababa could be due to the small sample size in both studies compared to our study. In this
study, 175 study participants were included, whereas a study from Addis Ababa and Nepal were
conducted among 89 and 114 study participants respectively.
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In the current study, thrombocytopenia and anemia were more common in preterm and low-
birth-weight infants. Prematurity is one of the most frequent reasons of death of infants in
worldwide [69]. Preterm newborns are not complete their full gestational age. Baby get majority
of iron store during the last trimester of pregnancy. Due to this premature babies had negative
iron balance which leads development of anemia [70]. Furthermore, in the preterm newborn,
kidney is immature that cannot produce sufficient amount of erythropoietin, which results in
development of anemia as compared to full-term babies [71]. In contrast to this study, study done
in India reported there was no difference in prevalence of anemia among preterm from term
neonate [72]. The possible reason for this discrepancy may be defined as haemoglobin cut-off
value, 13 g/dL for both preterm and term neonates which might not be the reality, especially in
the first 2-3 weeks of postnatal life.

According to this study, the risk of anemia is more likely in neonate born from family having
less than 2850ETB monthly income (AOR= 2.63; 95% CI: 1.05-6.63) than non anemic neonate.
Moreover, the risk of neonatal anemia is more likely in neonate born through caesarean section
(AOR= 3.11; 95% CI: 1.26-7.68) than non anemic neonate. This finding is in line with several
studies in Egypt, Pakistan, South Korea, Netherlands, and Poland. [73-77]. The possible reason
for higher risk of anemia in neonate born in caesarean mode of delivery may be attributed to the
following causes: Caesarean section is associated with weak force and duration of placental
transfusion, which can lead to anemia in newborns. The decrease in placental transfusion during
caesarean section may be due to the lack of uterine pressure, the effect of anaesthesia, and
immediate clamping of the umbilical cord [78]. In contrast to our study, studies in Turkey and
Irag found no significant association between mode of delivery and newborn hemoglobin levels
[79, 80]. A possible explanation could be there was only seven newborns delivered by caesarean
section in the study carried out in Turkey and the difference in study population compared to the
study carried out in lIrag, only full term neonates was included and difference in type of
specimen, cord blood was used immediately after clamping of the babys’ umbilical cord in the

labor room.
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In the current study, the second common hematological abnormalities were thrombocytopenia.
Thrombocytopenia is a frequent challenge for neonatologists, as it affects 22 to 35% of infants
admitted to the neonatal intensive care unit. Multiple diseases can cause neonatal
thrombocytopenia [81]. The incidence of thrombocytopenia in neonates varies significantly
depending on the population studied. According to this study, 36 (20.6%) neonates in NICU
were thrombocytopenic.

The observed incidence of thrombocytopenia in our study was comparable to a report from India
(16.7%), Iran (17.9%) and Ontario (22 %) [82-86]. However, the incidence of thrombocytopenia
in our study was significantly lower than study from Nigeria 53% [87]. The possible reason for
the higher prevalence in study from Nigeria may be explained by the variability of the types and
magnitude of the risk factors involved in the development of thrombocytopenia in which
neonates admitted NICU only with surgical disorders are involved.

In the current study, the third common hematological abnormality was leukocytosis, which was
observed in 20 (11.4 %) neonates. The observed prevalence of leukocytosis in our finding is
higher than that another study (6.1%) [88]. This difference may be explained by the variability of
the types and magnitude of the risk factors and type of study design in which retrospective cohort
study was done among neonates only with Very low birth weight. In the current study,
leukocopenia was observed in 7 (4 %) neonates. The observed prevalence of leukopenia in our
finding is lower than that of studies in Iran (28.5%) [89]. The possible reason for the higher
prevalence of leucopenia in study from Iran may be the study was conducted among newborn
only delivered from preeclamptic mothers, however, all neonate admitted to NICU at Assosa
general hospital were included in the current study.
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Overall, this study yield important insights into the hematological parameters and associated
factors of neonate attending NICU at Assosa general hospital. The results of this study can be
used by health professionals and policy makers to plan for improvements at this age. The main
strength of this study was that it is a prospective study; one of the very few studies in sick
neonates admitted to the neonatal intensive care unit across the world and assessed various
contributing factors for hematological abnormalities neonate. However, it had to be interpreted
with limitations. One limitation of this study is that we cannot determine a cause-effect
relationship due to the cross-sectional nature of our study design. A relatively small sample size
was used. Another limitation is that neonates clinically diagnosed as Sepsis was not confirmed
by culture.
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CHAPTER SEVEN: CONCLUSION AND RECOMMENDATIONS

7.1 Conclusion

In the current study anemia was the major hematological abnormality, followed by
thrombocytopenia, leukocytosis and leukopenia among neonate admitted to neonatal intensive
care unit. Caesarean mode of delivery and monthly family income below 2850 ETB were
significantly associated with anemia. Sepsis in clinical characteristics of neonate was linked to
leukocytosis. Therefore, hematological parameter test should be routinely used and properly
interpreted in management of sick neonate to prevent neonatal mortality and long-term

implications.

7.2 Recommendation

To the clinicians

Strict monitoring of CBC profile of neonate should be considered for proper management of sick
neonate. Close attention should be given to anemia and thrombocytopenia. Health-care providers
should also pay attention to pregnant women and neonate with the risk factors.

To the researchers

A longitudinal study should be conducted using a large sample size to identify specific etiology
and cause-effect relationships between risk factors and hematological abnormalities. It might be
very important to have similar studies in different health care setting.

To the Policymakers

Policy makers should pay strong attention to sick neonates. Guidelines for the management of
sick neonate should consider screening of hematological parameters into the routine assessment
to enable early detection and treatment of neonatal disease. Guideline and strategies should be
designed in manner to reduce the magnitude of hematological abnormalities, particularly anemia,

and their risk factors.
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ANNEXES

Annex-I: Information sheet

Information sheet (English version)

Title of the research project: Assessment of haematological abnormalities and associated
factors among neonates admitted to NICU in Assosa general hospital, Assosa, Western Ethiopia.

Name of principal investigator: Mulatu Molla (MSc candidate at Jimma University)

Introduction: This study will assess haematological profile among neonate admitted to NICU in
Assosa general hospital. Your baby can be selected, so that, you are being invited to give the
informed consent on behalf of your baby for participation in this study. Your baby will be
enrolled only when a voluntary informed consent is given. The research team includes one
principal investigator and two advisors from Jimma University. The research proposal has been
approved by ethical review committee of institute of health, Jimma University. Please read the
complete information listed below and you can raise any question regarding this study for more

information.

Purpose of the research project: This study will assess haematological parameters among
neonate attending NICU with variety of clinical setting. We will assess haematological
parameter with regard to clinical diagnosis of the neonates. This study will also determine
magnitude of haematological abnormalities and associated factors. The finding will provide
scientific information about haematological parameter of neonate attending NICU in Assosa
general hospital and will help in early diagnosis of haematological abnormalities, if any, during
research process. Therefore, we are inviting you to give a voluntary permission to participate
your baby in this study.

Risks associated with the study: There will be no added risk to the neonate due to the research.
There may be a minor discomfort during blood specimen collection. All appropriate precaution
will be taken during blood specimen collection from your baby. Specimen collection will be

performed by trained professional.
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Procedures and what will be expected from you for participation: First of all, you are
expected to have complete information about purpose and procedure of this project. If you are
volunteer for participation of your baby, you need to give your consent. After consent, 1 ml of
blood specimen will be collected from your baby and the specimen will be used for the intended

purpose only.

Incentives and compensation; There will be no payment or compensation for participation of
your baby in this study. But you will get the result of your baby for free. If any abnormal result
in haematological parameter is detected, it will be notified to paediatrician.

Confidentiality

All information will be kept confidential. Unauthorized access to research materials that contain
personal information will be strictly restricted. The record and result of study participant will be
kept locked in cabinet. Specific research serial number and codes will be used instead of personal

identifiers.

Right to refuse or withdraw: You have full right to withdraw your baby from the study at any
time and there will be no discriminated in health services due to refusal.

Agreement
If you are volunteer for the participation of your baby, you will be kindly requested to put your

signature of agreement on the informed consent format.

Contact information

For more information you can contact.

Mr Mulatu Molla (BSc), Tel: +251-916-399236, Email:mulatumolla222 @gmail.com

Dr Tilahun Yemane (MD, MSc), Tel: +251-917-804067, Email: yemanetilahun@yahoo.com

Mr  Wondimagegn Adissu (BSc, MSc), Tel: +251-961-928402, Email:
wondimagegn.adissu@ju.edu.et
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Information sheet Amharic version

PMTk CONE NANA AMPA UNTHA PadA USTH 8 UTPIR+EF NEA PaRTT USTT PRI
UPAT HCHC Tmes:

PPT +m L@ AGOE a-A% 9RA (Agks KI° AN A, TP B0 RINCAT)

maNPI U MGt NANA AMPA PATFA Pe®A URSH O UMRIO+ET NEA Pa97T YRS+
PLID UPAT HCHC ATIDP PR (s 1M RY PADLE $% P+HIBEM AL NtMPND MG
PACAPT AS ATA+E NALATT NADTHE MPAA ONLCL ATPAMT ATEZ8T AT PACAPTY N9
2L AMMPEID 6pgo(C 1@ = NAPPRID ABP NG+ PARA+LM NNP N £2L NF
mUPRT NHUFT AT7A9AT: NG+ N AL ATE PT +00LMs RPLA ATEUID LAY
AONZPT NEM RINCAT 2F4A: U mGF NEM RIACA T MY 9°9INC (Ethical) 19279,
e+ F2% &L PHAMM 10 NHY $MAe NAMG+H PHHIHG ToA 0RZE AYS PRI A
PAINPT MM M PP MINT ATLICFA NFUFT ATMELPAY::

PRGE GAMI PHY MGT 9AT NANA AMPA PATIFA PaPA URGT 8% UMge+ET hea
P USSTF PLI® UPAT HOHC T@P jm:: Phgt mmt PUSTHET PRIR UPAT HCHC
N@MaANT ARTIAP doZB RAMA: NMG+ N AR URSTT TITm9™ ARyt PRI® FoIC
RTBANTFQ PIRPAL MMA NFPC MEPMF NMADP YRT+HTI® +MPa, L84 IA: NAD(PHgD
NHU mGF AL PACAPT AB ATEA+E PACAPT N1 L ATML ST

hag+k IC P+PLPH NITTFI NHU MTT P+14 ASEP AL PARLLCN +Tie F8TF ALFLID::
ga-g APAL FIA PUMRIR N T ARC FAA: §02¢ PanmAem NAAME NATRLPTF NPT
AR Pt ed ACTREPT POR+1N4 LUTA::

PhG+k $LI° +N+AI MEMCP mGHEY N+HMANtE A dO/F AT P7TTE N+LZ7 NHA
GPLAITP EMPPA: &PLT AOPIP NBLM NF NAEP ATE AID Ad PRI TaG BMASA:
PLI® gaTM IR AMGH AATY N F PO M A LUPTA:
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PPMHPII AEP NHU BT NP NA+E Nhg 7THN PMLLT W& P UL hA
ATRMEPC AYIARAT: TIC 1T PAEPT MMt N19 aP@AL 2FAA: NI°CARL AL NAF
PR PARNT Mt N+7T L PO PUSE UNTP ATEPOLP £LZIA::

MAMLRTFE TITOI ARG+ PHANAN d°LE PAMLPI+ P+MNe RUTA: Pag+k
Mm/EPT NAA PIReMMF A& NAM ADY A AFT MG+T NTLLANYSF NATTPPT
NA+PC 19> Ahd RZEMT ATLPTT ARLPLEID: AO/EPT PIPANAMT Phe+ +AFL
@3yt NE7AM AN ALY AMG+ +1A NTAMD AD-C ML LUTA:

PAPNA LI A PAR@D-MT ANFE NHU DTT AP PAEP +ATE a4 NAA
NACNP £.2L%7F AL P+HODAL+ ATLMPE AOOMT +A+EMT PATRPNATE P NI IFM-I° 1H
PAEP +ATE POYL/Mm aONFFU A NO™A PHMNP 1M AEPTT NHGT+H NATIATLP
MLI™ NGF NMTIDAAP PR LT PUNIRT ACSF AL PIRLLN +B0F AT LCTP:

NIRRT TE NOCA §225 NP NF NHHIEM PATRIRTT P AL ACTPT AL PP IM-
LMNPA:

AL LAPTFE At aZB9° P UAN PARN+ATT ARGAPT Bmear:

AT d>A+ qRAT NAN+251-916-3992361 A, 734 mulatumolla222@gmail.com

A/C DALY M7 NAN+251-917804067F A.72.4A yemanetilahun@yahoo.com

AP ML A8 I NAR +251-961-928402, T A, A wondimagegn.adissu@ju.edu.et
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Annex Il: Consent form

Consent form (English Version)

This Consent form is organized for the research project in partial fulfilment of the requirements
for Masters of Science in Clinical Laboratory Science speciality in Hematology and

Immunohematology. It is planned to assess hematological parameters and associated factors

among neonates admitted to NICU in Assosa general hospital. Please read carefully and express
your open willing by putting a mark in the box below.

I have informed enough and understand about the aim and procedures of the research planned to
assess hematological parameter and associated factors among neonates attending NICU in Assoa
general hospital. | have been told there will be no added risk to the neonate due to this research. 1
have been informed blood specimen will be taken for research purpose only and then I can get
result of my baby for free. | understood specimen will be collected by experienced professionals
according to standard. In addition I have been told all the information collected throughout the
research process will be kept confidential. | understood that, if I refuse to give consent, my baby
will not be discriminated in current and future medical service due to refusal. Therefore I give

my consent free from coercions for participation of my baby in this study.

Agree

Disagree

Card number

Name of parent or legal guardian:

Signature:

Name of investigator:

Signature
Date

50

——
| S



Consent form (Amharic Version)

NANA AMPA UNTHA PendA URST 8F URIP+ET N&d PARITF USTT PLIP
UPAT HCHC AMMDS PFeL MGt doy ao/g N4 PmG+T GAMH AQ
A48T +HZEFPAU: NHU DeF P+1A AL, AR PMECH +eTe TF8%
ATRMLEC +IAPATA: PRID Ta™G RILIOMALT Ta™GM AT+ AATY NF
ATRIPMA +11CTA: PART MMt N19 PMAL ATLIPTFA AP PAL: Tag
P@ALM BZEMT NMNP AR ARE NAT@ NAPLPT ATLIPUT
AP PAL: N TIZID TITMIR AT+ P+HANAN A28 FPNM.E-Pi+ PHMNP
ATRIPUTY +HLETFPAL: ALY NG+ AL NAMA+L MLITE NGt NMIDAA
NPT PUNTRT ACSS AL PIRLCN 60T ATLMLFC +14PAGA: NARUHIP
PATRIIR ANTSE i3 &P LS AOUPLT ATATAL:

ANTTAL

hANTmaygn

NCEeMC

POAEMLICYIRIRIH, FNTP &CT

P+dns.MmLmNIe

&CM ¢
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Annex I1l: Data collection sheet

Data collection sheet (English version)

This questionnaire is organized for the research project in partial fulfilment of the requirements
for Masters of Science in Clinical Laboratory Science speciality in Hematology and
Immunohematology. It is planned to assess hematological parameters and associated factors
among neonates admitted to NICU in Assosa general hospital.

Research serial number: Card number

Part I: Socio-demographic and clinical characteristics of neonates admitted to NICU.

1. Age (days):
2.Sex: A.Male B.Female

3. Gestation age at birth (weeks)

4. Weight at birth (g)

5. What was the clinical diagnosis of neonate?

Part 11: Maternal socio-demographic factors of neonates admitted to NICU.

1. Age of the mother (years)

2. Place of residence:  A. Rural B. Urban
3. Marital status: A. Married B. Unmarried C. Divorced D. Windowed E. Others
4. Educational level:
A. No formal education B. Primary school C. Secondary school D. College and above
5. Occupation: A. Employed B. House wife C. Daily labourer D. Student E. Other

6. House hold monthly income A. <2850EB B. >/=2850EB
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Part 111: Maternal Obstetric factors of neonates admitted to NICU.
1. ANC follow up: A. Yes B No (If No, jump to #3)

2. Frequency of ANC visit:

A. 1 visit B. 2-3 visit C. 4 and above

3. Iron-folate supplementation during current pregnancy: A. Yes B. No
4. Parity:  A. Primipara B. Multipara

5. Mode of delivery: A. Vaginal delivery B. Caesarean section

6. Duration of labour (hours)

7. Complications during pregnancy and labour (if No jump question #8):  A. Yes B. No
8. Types of pregnancy and labour complication (if yes for question number 7):

A. APH

B. Pre-eclamsia

C. Eclamsia

D. Twin pregnancy

E Obstracted labour

F.Others_

9. Maternal anaemia: A.Yes B.No
10. Maternal bleeding during pregnancy: A. Yes B. No

11. MUACA. <23cm B. >/=23cm
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Data collection sheet (Amharic version)

2U @®med NAALNA ANGHE 1AL AT ATSYTFAE NLTN AUATE 8¢ aran/e e
oU-& P+HIPE 1M MG+ N FUAN 23 AN TRPHP 22 2014 94.9° NANA AMPAL PNTHA
PenPA URST 6 UTRIR+EF NGA PRTT URSTT PRI® UPAT HCHC ATIDP P L M.

PG+ DAL ©M( NCE &Mm(

NEA ATLI NEPA URKST 6F UMe9o+FF hed . PM2F U9TT MUNEP AS
uhoog 7h U ¥

1. 08 (N$7)
2.9 U.0W A.AT

3. U9r ANNTPOAL PONLM. PACSTHS 1H NFF NATTF 1002

4. U9r NOAL P1NZMm. ANLF N°149 (gram)

5. U9 Nv®A USTTH OF UMIP+ET hed AN Pe/1m. NAF mege 9ohyes
goy Ly Mm.?

hedA UATEI NahPA URST 6F Uoe9o+EF hed mphs PM7% U9t PATHTFm,
MUNEP Uit

17 PAG+R/E AL T (NATRF) —-mmmmmmmmmm e

2.PMFLP h&¢A U Nt A IMC

3. PH8C Ui

U.L1NF A PAINT . P& T a® NA PRHNT A AA (PbN)---m---

4. PFIUCT BLE

U. PA+aZF A PaRBEaR/p 228 PendNF . UPATE B2 PenndF  aB DAES hH.P NAL
5. e U

U. 42 A AGHE hPAE ATANT 00 0T AL+E A AA (M)--mmmmmemmeeee

6. PNAN M-® M (NAFERP NC) U h2850 NC NFF A, 2850 N1C AF NHL NAL
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heA NNTE NaPA USST 8F Ue9+EF hed oA PM7F UITT PATHTFm,
PPAL Uh9™S ULt T

1, & MA L ATTA NATILLT U, PRLTT A PARZTF

2. 92 MA L NHFA 29999°R U AT Th A N2-3 1H .4 AT NHP NAL
3. A2LT BAF NACQAL U POALT A PADALT

4. PACIIHT U1z U. PAREADCP A NATE NAL PDART

5.USFP+MALNTYIE U NP A NPLRMIT

6. PAT+R/L PRIP 9N Ui U AANT A PANTID

7. RIPRRA (NATETREC) U. N23 /T3 NF A 23 (/T3 AT NHP NAL
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Annex IV: Laboratory procedure

Blood specimen collection

Materials and reagents

Glove

Soap

Towel

Tourniquet

Syringe

70% alcohol

Test tube with EDTA anticoagulant
Gauze pads or cotton

Marker

Rack

Procedure

1.

© N oA W N

10.
11.
12.
13.
14.

Assemble the necessary materials and equipment.

Perform hand hygiene (If using soap and water, dry hand with towel)
Identify the right patient and immobilize the baby

Put the tourniquet on the baby above the venipuncture site

Put on well-fitting glove

Remove plastic sleeve from the syringe

Disinfect the collection site and allow to dry

Insert the needle into the vein and draw blood, after required amount of blood has been
collected release the tourniquet

Place dry gauze over the venipuncture site and slowly withdraw the needle
Ask the parent to continue applying mild pressure

Dispose the needle in sharp container.

Fill test tube and mix tube well

Labelling test tubes

Remove and dispose gloves appropriately and perform hand hygiene.
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Complete blood count (CBC)

Principle of sysmex XN-550 hematological analyzer

Hydrodynamically focused DC detection method

The RBC detector counts RBC and PLT via the hydrodynamically focused DC detection method.
Red blood cells and platelets are simultaneously counted and separated by their physiological
size variation. Inside detector the sample nozzle is positioned in front of the aperture and in line
with the center. After diluted sample is forced from sample nozzle into the conical chamber, it is
surrounded by front sheath reagent and passes through the aperture center.

The direct current resistance is detected by particular detector as blood cells suspended in the
diluent pass through the aperture. This resistance causes an electrical pulse change proportional
to the size of the blood cell. These electrical data are converted into graphical displays of volume
distribution curves, or histograms. After passing through the aperture the diluted sample is sent
to the recovery tube. This prevents the blood cell in this area from drifting back, and prevents the
generation abnormal blood call pulses.

RBC is calculated as particle count between 2 discriminators (Lower discriminators (LD), 25 to
75 fl and Upper discriminators (UD) 200 to 250 ft). Platelet is also calculated as particle count
between 2 discriminators LD and UD which are automatically set up in range of 2 to 6 fl and 12

to 30 fl respectively.

Flow cytometry method using semiconductor laser

Cytometry is used to analyze physiological and chemical characteristics of cells. Flow cytometry
is used to analyze those cells and particles as they are passed through extremely small flows. A
blood sample is aspirated, diluted to the specified ratio and labelled. The sample is then fed into
the flow cell by the sheath flow mechanism. A semiconductor laser beam is emitted onto the
blood cells passing through the flow cell. When laser beam is emitted to blood cell particles,
light scattering occurs and scattered light is received by the photodiode.
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Forward scattered light provides information on blood cell size and lateral scattered light
provides information on the cell interior (nucleus). When light is emitted to fluorescent material,
such as stained blood cells, light of longer wavelength than the original light is produced. The
intensity of the fluorescent light increases as the concentration of the stain becomes higher. By
measuring the intensity of the fluorescence emitted, you can obtain information on the degree of
blood staining. Fluorescence light is emitted in all directions; this instrument detects the
fluorescent light that is emitted sideways.

WDF channel is a channel primarily for classifying WBC. By flow cytometery method 2-
dimentional scattergram is drawn, with X-axis representing the intensity of side scattered light
and the Y-axis representing the intensity of side fluorescence.

SLS-Haemoglobin Method:

SULFOLYSER is added to the red blood cells, and haemoglobin is converted into SLS-
haemoglobin. Concentration of SLS-haemoglobin is measured as light absorbance.

Sysmex XN-550 reagents

% CELLPACK DCL.: It is a diluent used to dilute aspirated analysis samples in order to
measure an RBC count, hemoglobin concentration and platelet count.

% SULFOLYSER: is a reagent for the automated determination of haemoglobin concentration
of the blood.

s Lysercell WDF: is a reagent used in combination with Flourocell WDF. By hemolysing red
blood cells with Lysecell WDF and dyeing the white blood cell componenets with Flourocell
WDF.

% Fluorocell WDF: is to be used to label the leukocytes in diluted and lysed blood sample for
determination of WBC differential.

s CELLCLEAN: it is a strong alkaline detergent used to remove lysing reagents, cellular

residuals and blood proteins remaining in the hydraulics of the instrument.
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Specimen requirements

Type of specimen

Blood specimens should be collected either by venipuncture for processing in whole blood mode
or micro sampling by skin puncture for capillary mode processing. For micro sampling the blood
can be obtained from the earlobe, finger or from the heel of an infant. Ideally, large drops of
blood should exude slowly but spontaneously, and only the very gentlest squeezing is
permissible.

Conditions of collection

Venous blood should be collected into EDTA test tube and processed within 4 hours of
collection. If specimens cannot be processed within 4 hours, they should be refrigerated at 2 -
8°C. Before processing refrigerated specimens should be allowed to warm up to room

temperature (minimum 15 minutes), then mixed, preferably by rotation, for at least 2 minutes.

Required sample volume:

v' 1 mL or more of whole blood (for a 13 mm diameter sample tube)
v 500uL or more of whole blood (for a micro tube)

v Aspirated sample volume: Approximately 50 pL

Preparation of blood film

Materials and reagents

¢+ Clean microscope slides

s Well-mixed EDTA blood sample
% Pipette

% pencil

% Gloves

¢ Waste and sharps disposal containers
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Procedures

e Place a small drop of well mixed EDTA blood 1.0 cm far from the end of the glass slide

e The spreading slide is placed in front of the drop of blood at an angle of about 30°- 40° to
the slide and then is moved back to make contact with the drop

e The drop will spread out quickly along the line of contact of the spreader with the slide

e The spreader is advanced with a smooth steady motion so that a thin film of blood is spread
over the slide

e Label with patients ID

e Allow the smear to air-dry

Wright staining and examination

Principle

Wright’s stain is a polychromatic stain consisting of a mixture of eosin and methylene blue.
When applied to blood cells, the dyes produce multiple colours based on the ionic charge of the
stain and the various components of the cell. The eosin ions are negatively charged and stain
basic cell components an orange to pink colour. The methylene blue ions are positively charged
and stain the acid cell components in varying shades of blue. The neutral components of the cell

are stained by both components of the dye producing variable colours.

Procedure

» Place the air-dried smear film side up on a staining rack

Cover the smear with undiluted filtered stain and leave for 1 minute

Add equal volume of distilled water (i.e., the same number of drops as the stain)
Mix by blowing until a metallic sheen appears.

Allow the diluted stain to act for 3-5 minutes

Wash off the stain with running tap water

Wipe the back of the slide clean and stand it in a rack for the smear to dry.

vV V V V V V V

Examine gross morphology by 40x and use the 100x objective for studying the fine

details of the cell morphology.
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Annex V: Laboratory result report formats

CBC result reporting form

Research serial #

Card number

Test Result Remark
RBC x 10°/uL
HGB g/dl

HCT %

MCV FI

MCH Pg
MCHC g/dl
RDW %

WBC x 10°/uL
Neutrophil x 10°/uL
Lymphocyte x 10°/uL
Monocyte x 10°/uL
Eosinophil x 10°/uL
Basophil x 10°/uL
PLT x 10°/uL
MPV fl

Peripheral blood morphology report form

Research serial number

Card number

WABC Series

RBC Series

PLT Series

Possible conclusion
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Annex VI: Declaration
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referenced per the requirements. Therefore, | agree to accept responsibility for the scientific,
ethical, and technical conduct of this research paper.

Name of the student: Mulatu Molla
Signature: Date: / /
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1. Dr. Tilahun Yemane (MD, MSc). Signature: Date: / /
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1. Name Signature Date / /
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