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Abstract
Background: Hematological abnormalities are common in visceral leishmaniasis patients, which
is one of the major public health problems worldwide. The most common hematological

abnormalities are anemia, leucopenia and thrombocytopenia.

Objective: To asses clinical and hematological alteration among visceral leishmaniasis patients
attending Kahsay Abera and Mearg Hospitals,Western Tigrai, Northern Ethiopia , 2019

Method: Institutional based comparative cross sectional study was conducted from November
2018 to March 2019 at Kahsay Abera and Mearg hospitals, Western Tigrai, Northern Ethiopia. A
total of 100 Visceral Leishmaniasis patients and 100 healthy control groups were included in this
study. Blood was collected and analyzed by sysmex KX-21N hematology analyzer. Data was
entered and analyzed using SPSS Version 23. Student independent t-test was used for data

analysis. P value <0.05 was considered as statistically significant at 95% confidence level.

Result: From the total 100 visceral leishmaniasis patients the following abnormalities were
reported: 96(96%) anemia, 95(95%) leucopenia, 92(92%) neutropenia, 73(73%) Lymphopenia,
45(45%) eosinopenia and 97(97%) had thrombocytopenia. Splenomegally and fever was seen in
all visceral leishimaniasis patients. Red blood cell, hemoglobin, hematocrit, red cell indices and
platelet were significantly lower (p<0.05) in visceral leishmaniasis patients compared with the
control groups. Similarly the total WBC, neutrophil, lymphocyte, eosinophil and basophil count
were significantly lower (p<0.05) in visceral leishmaniasis patients compared with the control
groups.

Conclusion: The principal changes in peripheral blood of patient with visceral Leishmaniasis are
reduced number of red blood cells, reduction in leukocytes and decreased platelet count. VL
patients presented with splenomegaly, fever, bleeding, anemia, leucopenia and
thrombocytopenia. This finding indicates that visceral leishmaniasis causes alterations of
hematological parameters.

Key words: Amastigote, Anemia, Hematological Parameters, Promastigote, Visceral

leishmaniasis, Ethiopia
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1. Introduction

1.1. Background
Blood is a specialized body fluid composed of a liquid called plasma and of cellular elements,

including white blood cells , platelets, and red blood cells . The normal adult body composed of
about 6 liters blood, which accounts 7% to 8% of the total body weight. Plasma consists of 55%
of the blood volume, whereas about 45% of the volume is composed of red blood cells and 1%
of the volume is composed of white blood cells and platelets. Hematology is primarily the study
of the formed cellular blood elements. Blood has different functions like respiration, circulation,
excretion, osmotic balance and transport of metabolic substance and it delivers necessary
substances to the body’s cells. Deviation of in the quantity of these blood elements are often the

first indicator of disease occurring in body tissue[1].

Changes in the hematological parameters are common in patients having Visceral
Leishmaniasis(\VL).This chronic disease is characterized by irregular fever, hepatosplenomegaly
and pancytopenia ,progressive weakness and which can cause death if left untreated [2].

From VL associated hematological changes, anemia is the most common abnormality. The
mechanism of this anemia is due to multiple factors: this may be due to sequestration and
destruction of red blood cells (RBC) in enlarged spleen, opportunistic infection, chronic disease,
certain nutritional deficiencies, immune mechanism and alterations in RBC membrane

permeability have been implicated [3].

Leucopenia is another hematological change seen in VL. The absolute number and percentage of
neutrophils in VL are usually decreased, and there is a shift towards left in case of juvenile
neutrophils. The mechanism of this neutropenia is thought to be hypersplenism. While absolute
number of lymphocytes is mildly decreased, there is relative lymphocytosis by increased the
percentage of lymphocyte. The eosinophilis number is significantly decreased, or completely
disappear from peripheral blood [4].

Thrombocytopenia is a relatively late manifestation. Splenic  sequestration and
immune-mediated mechanisms are mainly thought to be responsible for decreased in platelet

count. Because of decreased platelet count, bleeding manifestations are very common[4].



VL is a systemic infection of the reticuloendothelial system caused by protozoa Leishmania
donovani (LD) which belongs to the genus Leishmania. Leishmania donovani complex are the
causative agents of VL in Ethiopia [5].It is transmitted by female Phlebotomine sandflies as a
flagellated, metacyclic promastigote, which is phagocytized by host macrophages and then

differentiates into the non-flagellated, replicative amastigote [6].

The amastigote form exists and multiplies in the mononuclear phagocytic system (MPS), mainly
spleen, liver and bone marrow. This leads to hyperplasia of the MPS with resultant disturbances
in phagocyte bearing of organs and producing hematological manifestations. Hence, the spleen,
in particular becomes massively enlarged[3].

VL is usually diagnosis by combination of clinical and laboratory findings. The diagnosis of VL
is confirmed by microscopic demonstration of amastigote in spleen or bone marrow biopsies.
Serological tests, such as rK39 dipsticks and polymerase chain reaction can also use for the
diagnosis of VL[6].



1.2. Statement of the Problem

Visceral leishmaniasis is a potentially fatal human disease with an estimated incidence of at least
0.2 to 0.4 million cases worldwide, causing 20,000-40,000 deaths annually [6]. VL is primarily
distributed in East Africa, South Asia, South America, and Mediterranean Region, with an
estimated 50,000 to 90,000 new VL cases each year. More than 90% of reported VL cases occur
in Brazil, Ethiopia, India, Kenya, Somalia, South Sudan, and Sudan [7]. VL has been occurred in
88 countries and about 500 000 new cases has been reported each year [8, 9]. In Africa at least
4,000 deaths are reported annually. The worst epidemic VL was recorded which leads to death of
100,000 people in western upper Nile area of Southern Sudan[10]. In Ethiopia 4,000 VL cases
was reported annually and 60% of cases were reported from the most endemic areas in Metema

and Humera lowlands of Northwest[11].

Visceral leishmaniasis is causes different hematological abnormalities such us
hepatosplenomegaly, anemia, leucopenia and thrombocytopenia. Normocytic normochromic
anemia is common significant feature of VL and Hb level of 7-10g/ dl were commonly found.
Hemolysis is the major cause of anemia, though there may also be plasma volume expansion

associated with massively enlarged spleen [3].

Thrombocytopenia is also one of the hematological changes in VL patients where platelets
counts can adversely affected after long duration of illness , because the duration of illness is
significantly longer in thrombocytopenic patients compared to non-thrombocytopenic. Reports
confirm that VL disease decrease platelet production and lead to thrombocytopenia [3].

Leucopenia is an important abnormality seen in VL. It occurs early in the course of the disease.
As early as in the beginning of twentieth century, researches stated that, clinicians should suspect
kala-azar if the proportion of leukocykes to red blood cells is decreased to around "1:1500. In the
two large studies conducted in the past, the total leucocyte count was 2800/cms and 4000/cm3
respectively. The leucopenia in VL is mainly due to neutropenia. The percentage and absolute
number of neutophlls in VL are remarkably decreased, and there is a shift towards left in case of
juvenile neutrophils. The main cause of neutropenia is thought to be hepersplenism. While
absolute number of lyphocytes is mildly decreased, there is relative lymphocytosis. The number

of eosinophilis is decreased significantly, or they completely disappear from peripheral



blood. While the percentages of monocyes are increased, there is no consensus among various

authors about the absolute number of lymphocytes in VL [4].

Many studies have reported pancytopenia in the late stages of VL. There is variation in the
frequency of pancytopenia reported by various researchers. The cause of pancytopenia is thought
to be due to sequestration of blood cells in the spleen. The presence of reticulocytes and
immature blood cells in peripheral blood helps in differentiating pancytopenia due to VL from
aplastic anemia. The clinical picture in these patients can mimic leukemia, especially in the
presence of fever, hepatomegaly and lymphadenopathy. In those cases bone marrow examination
is very useful for making accurate diagnosis [4]. While several studies pointed to the
hematological profile of visceral leishmaniasis, there are limited studies in this regard in our

country, particularly there are no published studies in the study area.

So the aim of this study is to asses the clinical and hematological alteration of visceral
leshimaniasis patients attending in Kahsay Abera and Mearg hospital, western Tigrai, Northern

Ethiopia.



1.3. Significance of the study

Hematological abnormalities cause life threatening consequence in VL patients that required a
rapid and specific treatment. However, in our setting, the hematological profiles among VL
infected individuals are not well documented. Therefore, the finding of this study is important to
provide substantial information for policy makers and health administrators to implement
appropriate interventions in combating visceral leishmaniasis associated and hematological
complication. Also the finding of this study is used to provide information to clinicians about the
hematological abnormalities, which may contribute in improving the management of individuals
infected with VL through early diagnosis and preventing hematological complications. Besides;
the finding of the study may serve as a reference data for future researchers who have interested

in similar topics.



2. Literature Review

A descriptive analytic study was conducted in Yemen on Hematological Characteristics of
Yemeni Adults and Children with Visceral Leishmaniasis. A total of 47 (32 males and 15
females) Patients and 51 non-VL subjects (control group) was included in the study. The result
showed that all patients with VL had anemia, 41 (87%) leukopenia, 42 (89%) neutropenia, 44
(94%) thrombocytopenia, 42 (89%) eosinopenia, 25(53.2%) lymphopenia.The mean values of
the peripheral blood counts of VL patients versus control subjects were (14.19+22.20 versus
88.10+108.84 (x10°L) for Eosinophil’s, 992.67+773.71 versus 1347.76+630.26 (x10°/L) for
lymphocytes and 2097.87+1304.59x10°%/L versus 2703.92+826.55x10%/L for WBC. Comparison
of VL patients with the control group showed significantly more frequent peripheral blood
eosinopenia counts (p value 0.000) and lymphopenia (p value 0.014). There was no significant
difference between adults and children in any of the hematological features [12] .

A cross sectional study was conducted on 40 leishmania donovani bodies’ positive cases over the
period of one year in Dharan, Nepal the age ranged from 2-60 years. Male (55%) affected
predominantly than females (45%). The result revealed that the most common symptoms was
splenomegaly (82.5%), hepatomegaly (65%), and pallor (75%).The laboratory result showed that
Anemia was present in 90%, leucopenia in 67.5% and thrombocytopenia in 72.5% cases.
normocytic normochromic blood picture was predominantly seen in the peripheral examination
of RBC morphology. Hepatomegaly, neutropenia, anemia and lymphocytosis were statistically

significant to parasite load (p-value <0.05) [13].

A retrospective study was conducted in North Bihar India in a total number of 43 cases were
diagnosed as Kalaazar (VVL). In this study all 43 VL cases presented with fever as the commonest
symptom whereas splenomegaly was the commonest clinical sign present in each and every case
(100%). 39 cases (90.7%) of the VL cases presented with pallor during clinical examination and
all 43 cases (100%) had splenomegaly. Hepatomegaly was seen in 26 cases, jaundice 9 (20.3%),
generalized weakness 93%, bleeding manifestation (9.3%). Lymphocytosis was the most
common (100%) hematological abnormalities in this study. Leukopenia was observed in 60.4%,
Pancytopenia 60.5 % and thrombocytopenia was seen in 83.7% cases. Thrombocytopenia was
the cause of bleeding manifestation in this study. On peripheral blood smear microcytic

hypochromic blood picture was the most common finding seen in 26 cases (60.46%) followed by



normocytic normochromic blood picture in 20.9% and macrocytic blood picture in 11.6% cases
[14].

Another cross-sectional study was conducted in India on hematological parameters in Visceral
Leishmaniasis on 30 patients (18 Patients were male and 12 patients were female). The mean age
of patients was 35.4 £16.3 with male: female ratio 1.5:1. In this study the Hematological
parameters studied showed that mean hemoglobin (Hb) was 6 + 1.3 gm/dl (Range 5-7.1gm/dl).
Leucopenia was present in 25 patients. Mean value of the total Leucocyte count (TLC) was 3.6 +
2.4 x 10°/L (Range 2.3-3.6 x 10%L). Thrombocytopenia was seen in 22 patients and mean
platelet count was 88.7 + 62.2 x 10%/L (Range 43-152 x 10°/L). Pancytopenia was noted in 20
patients [15].

A cross sectional observation study was conducted at North Bengal Medical College, West
Bengal, India over a two year period. From a total of 36 cases of VL; the male to female ratio of
the cases was 1.6:1 and the mean age was 20.1+11.1 years. Splenomegaly and fever were the
most common symptoms fond in all 36 cases. Weakness, abdominal pain, bleeding, and
hepatomegaly were seen in 63.9%, 27.8%, 8.3% and 58.3% of cases, respectively. Pancytopenia,
Bicytopenia, leukopenia and thrombocytopenia were seen in 58.3, 41.7, 61.1 and 83.3% of cases,

respectively [16].

A clinico-haematological profile of childhood visceral leishmaniasis was conducted in a single-
center study from Islamabad, Pakistan. The study included a total of 32 cases of childhood
Visceral Leishmaniasis. Out of these, 20 cases were observed in males and 12 cases in females.
Fever, pallor and abdominal distention were seen all cases. Among the hematological features,
pancytopenia in the peripheral blood was present in 20(62.5%) cases. The values of peripheral
blood counts were not significantly associated with the presence or absence of lymphadenopathy
[17].

A study was conducted in Yemeni on Clinical and hematological manifestations of visceral
leishmaniasis in children. A total of 64 cases were diagnosed as childhood VL out of these 33
patients were female and 31 were male. Clinical examination of patients with VL revealed that
fever was seen in 100% of children with duration before diagnosis of 56 days. Splenomegaly was

present in all cases and hepatomegaly in 84.4%. The laboratory blood results revealed that



hemoglobin concentration ranging from 2.4 to 10 g/dl (mean: 6.6+1.7 g/dl). The red blood cell
count ranged from 0.8 to 3.5x1012/L (mean: 2.4+0.6x1012/L. Total white blood cell count
ranged from leukopenia of 1.1x109/L to near normal count of 85 x 109/L (mean:
3.5+£1.6x109/L). The mean absolute neutrophil count was 0.78+0.56x109/L (range:
0.032 to 2.31x109/L). The platelets also showed a count ranging from thrombocytopenia of
5x109/L to normal range of 188x109/L (mean: 71.7+41x109/L).On peripheral morphology
microcytic hypochromic blood picture 32(50%), macrocytic normochromic 20 (13%) observed
on VL patients. The presence of peripheral pancytopenia was noticed in 45 patients (70.3%) with

VL, while the remaining patients had anemia plus either leukopenia or thrombocytopenia [18].

Clinical and Epidemiological Features of Visceral Leishmaniasis among Children was also
investigated in a similar study in Yemen. A total of 106 children were included in this study, 94
patients (88.7%) were from rural settings and (11.3%) from Sana’a city. Sixty-eight children
(64.2%) were males and 38 (35.8%) were females (p < 0.00). Clinical examination of the patient
revealed that fever was constantly present in all patients; other features included splenomegaly
(96.2%), pallor (90.5%), hepatomegaly (71.7%). Various degree of anemia was evident in all
patients with mean hemoglobin concentration (7.0 £ 1.49 g/dl). Leucopenia, neutropenia and
thrombocytopenia were found in 62.2%, 73.5%, and 87.7%, respectively. Anemia, leucopenia

and thrombocytopenia had no significant association with parasite load [19].

Another descriptive study was conducted to observe clinical and hematological findings of
visceral leishmaniasis patients from Northern areas of Pakistan. A total of 70 cases were
included in the study out of these, 49 (70.0%) were males and 21 (30%) were females. Age of
the patients ranged from 1.6 to 25 years with a mean of 03.51+3.56 years. Fever and
splenomegaly were present in all the patients and pallor, hepatomegaly and abdominal distention
in majority. Hemoglobin ranged from 03 to 12 grams per drci liter with a mean of 6.42+2.19.
Mean RBC count was 3.41+0.87 X 10 per liter, mean WBC count 5.15+2.64 X 109 per liter,
and mean platelet count 49.5+45.8 X 109 per liter[20].

A retrospective study was conducted at a tertiary care center serving the kumaon region of
Uttarakh. In this study 20 LD positive cases and 20 LD negative cases was evaluated.
Splenomegaly was the most common sign present in 17 cases (85%) and 15 (75%) of LD

negative cases. Blood examination of the patients’ states that anemia was observed in both LD

8



positive and negative cases 100%. Leucopenia with relative lymphocytosis was more observed in
LD positive cases than LD negative cases. Pancytopenia was seen in 85% LD positive and 70%
of LD negative cases, Bicytopenia in 15% LD positive and 30% LD negative cases while
thrombocytopenia was seen 85% LD positive and 90% LD negative cases. Peripheral blood
smear examination revealed microcytic hypochromic blood picture as the most common finding
in 11 cases (55%) followed by normocytic normochromic (NCNC) blood picture in 7 cases

(35%) and macrocytic blood picture in 2 cases (10%) of LD positive cases [21].

A total of 34 children with confirmed VL through 2004-2011 were included in a study conducted
on Clinical Features and Laboratory Findings of Visceral Leishmaniasis in Children Referred to
Children Medical Center Hospital, Tehran, Iran. The mean age of these patients were 26.9 + 18.9
months (range from 6 to 92 months) and 91.2% of them were under the age of 5 years. The male
to female ratio was 0.8 and there was no statistically significant difference in gender over time.
The most prevalent symptoms were fever (97.1%), pallor and weakness (97.1%) and appetite
loss (61.8%).The most frequent signs at admission were splenomegaly (97.1%) and
hepatomegaly (88.2%). The mean and standard deviation of the laboratory results WBC (/mm3)
(4681.7+ 3521.3) ,Hemoglobin (%) (7.25+ 1.44), and Platelets (103/mm3) (95.5+ 97.9). The
most frequent laboratory abnormalities were hematological including anemia (97.1%),
thrombocytopenia (91.2%) and leukopenia (67.6%) [22].

From similar study conducted on Clinico-Hematological Analysis of 380 Visceral Leishmaniasis
case in Southwestern Iran, 217 (57.1%) were male and 163 (42.9%) were female. The majority
of the cases (91.5%) were 5 years old. Bone-marrow aspiration detected Leishmania amastigote
only in 26.6% of cases. Fever (98.1%), abdominal protrusion (65.1%) and hepatosplenomegaly
(63.7%) were the most common clinical presentations of the patients. Among the hematological
abnormalities pancytopenia was observed in 43.1%, anemia in 87.3% and thrombocytopenia in
64% of cases [23].

Clinical and Hematological Features of visceral leishmaniasis was investigated in 17 patients in
Sudan. In this study all 17 patients were males and aged 10 to 48 years (mean 24 + 8 years).
They were all farmers or laborers who came from endemic areas around Gadaref (15 patients),
Darfur (one patient), and Malakal (one patient). Symptoms had lasted from 15 days to 6 months

(average, 3 months). Fever, weight loss, and signs of anemia were found in all cases .The
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hemoglobin concentration was low in all patients (mean, 77 + 12 g/L). The peripheral blood
films showed anisopoikilocytosis with a preponderance of macrocytes in nine patients. Slight to
moderate polychromasia was common. All patients were leukopenic, with neutropenia in 15
(88%) and Lymphopenia in 16 (94%). Thrombocytopenia was present in all patients. The mean
platelet count was 51 + 41 x 10°%/L. Counts below 50 x 109/L were found in 11 (65%) patients,

and the 8 patients with epistaxis also had severe thrombocytopenia [24].

From similar study conducted on hematological profile of patients with visceral leishmaniasis at
Al-Gaderf State — Sudan. Most affected pediatric patients with age less than 10 years. Among
adult patients the most frequent age group ranged between 21 and 30 years. Both Males and
females were infected, but males showed higher frequency. Significant decrease was observed in
Hb and RBC of pediatric patients (7.2 + 1.6 g/dl and 3.6 + 0.7x10° pl respectively compared to
control group (12.3 + 1.1 g/ dl and 4.7 = 0.4 x10° pl respectively). Total WBC count and
neutrophil percent decreased significantly (p-value=0.000). Thrombocytopenia was also

observed in patients in both groups (p-value= 0.001) [25].

A cross sectional study was conducted in Gonder on Hematological Abnormalities in Visceral
Leishmaniasis Patients. From the total 414 Visceral Leishmaniasis patients, 405(97.8%) were
males and 9(2.2%) were females. The overall magnitude of anemia, leucopenia,
thrombocytopenia, neutropenia and Lymphopenia was 94.4%, 95.4%, and 90.1%, 90.1% and
37.9% respectively. There was a significant association between age and prevalence of anemia,
neutropenia and thrombocytopenia. The finding of the study shows with predominant existence

of anemia, leucopenia and thrombocytopenia [26].

Humera, a town in northern Ethiopia, is one of the areas where visceral leishmaniasis is very
common. However, published studies are lacking from the area to support evidence based

management of patients. This study is trying to address this gap.
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3. Objectives

3.1. General objective
To assess clinical and hematological alteration among visceral leishmaniasis patients attending

Kahsay Abera and Mearg Hospitals, Western Tigrai, Northern Ethiopia, 2019.

3.2. Specific objectives
e To assess clinical features of visceral leishmaniasis patients

e To determine hematological parameters among visceral leishmaniasis patients as
compared with controls

e To determine peripheral blood abnormalities of the visceral leishmaniasis patients

4. Hypothesis
Ho- There is no significance difference of hematological parameters among VL patients and

control groups.
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5. Materials and methods

5.1. Study area

The study was conducted in Kahsay Abera and Mearg Hospitals, western Tigrai, Ethiopia.
Western zone of Tigray is the biggest in terms of geographic and territorial possessions that
stretches along the border of Sudan in the North West, the Amhara Adminstativeregion in the
south and the Eritrea border in the north where people live in clusters over a wide range of areas.
It is one of the agriculture surplus areas in Ethiopia known for producing sorghum and
exportable products like sesame which makes it a net contributor to the national economy.
Humera is located in north western Ethiopia 984 km far from the capital city Addis
Ababa.Western Tigrai located at longitude and latitude 14°18'N 36 °37'E with an elevation of
585 meters above the sea level. Kahsay Abera Hospital is a district hospital in a visceral
leishmaniasis endemic region in north Ethiopia with about 210 beds and an estimated 742,000-
catchment population including workers. Mearg hospital is a district hospital which is found in
VL endemic area in Tsegedia Woreda western Tigray which have an estimated 299,594
catchment population migrants and have 134 beds at emergency, medical, surgical and

gynecology and pediatrics ward [27].

5.2. Study design and period
An institutional based comparative cross-sectional study was conducted from November, 2018 to

March, 2019.
5.3. Population

5.3.1. Source population
Case group

e All VL suspected patients who visiting the Kahsay Abera and Mearg Hospitals during the
study period.
Control group

o All staff members of Kahsay Abera and Mearg Hospitals who were avalilable during the

study period.
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5.3.2. Study population
Case group

e All VL patients confirmed at Kahsay Abera and Mearg hospital laboratories during the
study period.

Control Group

e Apparently healthy individuals of Kahsay Abera and Mearg hospitals workers who were

match with cases in age and sex without having VL.

5.4. Inclusion and exclusion criteria

5.4.1. Inclusion criteria
Case group

e All VL patients confirmed at the Kahsay Abera and Mearg Hospital Laboratories at the
study period and willing to participate in the study.

Control Group

e All staff of Kahsay Abera and Mearg hospitals that had the similar age range to study
participant without having visceral leishmaniasis and willing to participate in the study.
The control groups were selected by physicians based on the WHO guide line for the

diagnosis of VL and rk-39 test was used to screen the controls.

5.4.2. Exclusion criteria
Case group
e Patient already on anti- VL treatment
e Patients who have history of hematological malignancies , HIV, malaria and other
chronic diseases

Control group

e Individuals who have history of hematological malignancies , HIV, malaria and other

chronic diseases
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5.5. Study variables

5.5.1. Dependent variables
e Hematological parameters

e RBC parameters
e WBC parameters

e PLT parameters
5.5.2. Independent variables
o Age

e SEX

5.6. Sample size calculation and Sampling method

5.6.1. Sample size calculation

The sample size for this study was calculated using sample size calculation for comparison of
two independent means of 95% confidence level and 80% power. From research done in Yemen
on hematological characteristics of yemeni adults and children with visceral leishmaniasis
eosinophil and lymphocyte count of study and control group with the following result was used

to calculate sample size [12].

Table 1: Mean and standard devation of the VL patients and control subjects

Mean and standard deviation of the VL patients and control subjects in Yemen [12]

no | Blood count | Mean and SD of the VL | Mean and SD of control | Calculated sample
patients subjects size

1 | Eosinophil 14.19+22.20 88.10+108.84 (x10°/L) 18

2 | Lymphocyte | 992.67+773.71 1347.76+630.26 (x10°/L) | 62

n = (5,°+5,2) *(Za+ZP)*
d2

Where, n= desired sample size, S= Standard deviation (sl/study group=773.71, s2/ control
group=630.26) from previous study, Zo=1.96, Zp = 0.84, d= effective size /difference between
two means = |ul-u2 |= |992.67-1347.76|=355.09 from previous study.
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N =n = (5,°+5,%) *(Zo+ZP)? = (773.71%+630.26%)*(1.96+0.84)°> =61.9 round to 62
d? (355.09)

Non response rate (10%) = 62 *0.1= 6.2 round to 7

Minimum sample size =62+7= 69. Therefore the minimum sample size calculated for this study
was 138 which consist of 69 VL cases and 69 control group. But the sample size was increased
to 200 which consist of 100 VL cases and 100 control groups to gain greater power to detect the

difference.

5.6.2. Sampling Method
A total number of 100VL patients and100 controls participants were included in this study using

convenience sampling method.

5.7. Measurement and Data collection

5.7.1. Data collection procedure

All confirmed VL patients and control groups were interviewed for socio demographic
characteristics by using pre tested semi structured translated questionnaire. The questionnaire
mainly consists of closed and open ended questions focusing on socio-demographic data, age,
gender, occupation. The clinical data of the VL patients was obtained from their medical record
log sheet.The VL cases and control groups were screened by exprianced physians for any
chronic diseases. Seventy one study participants were selected from Kahsay Abera hospital and
29 study participants selected from Mearg hospital. Thin and thick blood film was also done for

screening of the VL cases and control for identification of hemo-parasite.

5.7.2. Laboratory analysis

5.7.2.1. Specimen Collection and Processing

About 3 mL venous blood sample was collected on vacutainer tube containing EDTA after
cleaning with 70% ethanol. As soon as the sample was collected and labeled, it was transported
to the hematology working area to be analyzed. Blood analysis was done for the hematological
parameters using sysmex KX-21N hematology analyzer and peripheral blood morphology was

examined.
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5.7.2.2. Complete blood count (CBC) analysis
The complete blood count (CBC) is one of the most common blood test used. It consists of the

three major types of cells in blood: red blood cells, white blood cells, and platelets. The CBC
analyzer counts these cells, measures hemoglobin (the oxygen-carrying molecule in red blood
cells), estimates the red cells' volume, and sorts the white blood cells into five subtypes or three

types depending on the type of hematology analyzer.

5.7.2.3. Sysmex KX-21N hematology analyzer
The Sysmex KX-21N is a quantitative automated hematology analyzer for in vitro diagnostic

use. Examination of the numerical and/or morphologic findings of the complete blood count are
useful in diagnosis of such disease states as anemias, leukemias, allergic reactions, viral,
bacterial, and parasitic infections. The KX-21 processes approximately 60 samples per hour and
displays on the LCD screen the particle distribution curves of WBC, RBC, and platelets, along
with data of 17 parameters, as the analysis results. The Sysmex KX-21N analyzer directly
measures the WBC, RBC, HGB, HCT, PLT, LYM #, MIXED #and NEUT #. The remaining
parameters are calculated or derived, MCV, MCH, MCHC, MPV, RDW-CV and RDW-SD, and
differential percentages LYM%, MIXED%, NEUT% [28].

Detection Principle
The KX-21N analyzer counts and sizes red blood cells (RBC) and platelets (PLT) using

electronic resistance detection method. Hematocrit (HCT) is measured as the ratio of the total
RBC volume to whole blood using cumulative pulse height detection. Hemoglobin is converted
to methemoglobin, and read photometrically at 555 nm. White blood cells (WBC) are analyzed
by direct current and discriminated into a three-part differential using Particle Distribution
Analysis (PDA). The resulting WBC histogram is discriminated into lymphocyte, neutrophil and
mixed cell populations. The mixed cell population contains monocytes, basophils and
eosinophilis [28].

5.7. 2.3.Peripheral blood morphology
Peripheral blood smears were prepared from all participants for investigation of red blood cell

morphology, white blood cell and platelets abnormalities.
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Peripheral blood film preparation and examination

A properly prepared blood film is essential for accurate assessment of cellular morphology.
Blood film was prepared on glass slide and air dried. The blood film was fixed to the glass slide
by the methanol. After drying the film, Giemsa stain was added to stain the cells. Examination of
the blood film was a multistep process. Begin the film examination with a scan of the slide using
the 10x or low-power objective. This step was necessary to assess the overall quality of the film,
including abnormal distribution of RBCs, suggesting the presence of rouleaux or
autoagglutination, and/or the presence of a disproportionate number of large nucleated cells such
as monocytes or neutrophils at the edges of the film. The next step in film evaluation was to
perform the WBC, RBC and platelet. finally examined using the 100x oil immersion objective
[29]. 100 white blood cells /HPF was counted by using hemocytometer and sorted in to five
differentials by relative percentage of each cell type. The absolute differential count was
calculated by multiplying the percentage of each counted cell type by the total WBC (in
thousands/pL).

5.8. Data Quality Assurance
The quality of any research depends on the quality of data that are used as input for that research.

Therefore the quality of the blood and the participant information was ensured by collecting and

processing using a standard operating procedure.

5.8.1. Pre analytical
To collect the socio-demographic data, age, gender, job, and health status and getting any

medications the questioner was translated to local language Tigrigna/Amharic to make easily
understandable the questions at the time of interview. Pretest was conduct among of the study
population one week before the actual data collection, to ensure clarity, length, wordings, logical
sequence and skip patterns of the questions. Before the actual data collection questionnaire was
pre tested on 5% participants of VL patients in Sheraro town which is found 172 Km far from
Humera town.

Concerning sample collection, transportation and processing the principal investigator together
with senior laboratory technologist assembled blood sample collection materials. SOPs were to
assure that sample was collected on EDTA tube, labeled with participant identification number,

and checked for hemolysis, clot, correct volume etc. Before participants sample were analyzed

18



availability and expiry dates of reagents were and they were brought to room temperature before

use.

5.8.2. Analytical
The reliability of the study finding especially the analytical part was guaranteed by running three

levels of commercially prepared hematology cell controls (Normal, Low and High). Analysis
was performed by following standard operating procedure (SOP) after running and passing of
these levels of controls. The peripheral morphology smear was re-examined by trained and

experienced laboratory personnel.

5.8.3. Post analytic
For avoiding any clerical error printout results that were generated by the analyzer were used. No

results from the screen of the analyzers were recorded by hand. Results for peripheral
morphology were registered with correct value. Data was entered using double entry method to

trace data entry errors which has strong negative effect on study results and conclusions.

5.9. Data analysis and interpretation
Data was entered and analyzed using SPSS Version 23. Table and graphs were used for

descriptive data. The cut-off points for different parameters were defined according to the
laboratory standard defined by the manufacturer instruction.Independent t-test was used to
evaluate the compression between VL patients and controls subjects regarding of the
hematological parameters (HB, WBC, PLT...) Percentage and frequency was used to evaluate the
age, gender, between VL and control subjects. P value less than 0.05 was considered as

statistically significant at 95% of confidence level.

5.10. Operational definitions
e Visceral leshimanisis—A chronic and potentially fetal parasitic disease of the viscera (the

internal organ, particularly the liver spleen, bone marrow and lymph nodes) due to
infection by the parasite called Leishmania donovani.

¢ Anemia- hemoglobin concentration less than 13 g/dL in men and 12 g/dL in women
indicates anemia

e Thrombocytopenia - platelet count below 150x103 cells/ul indicates thrombocytopenia

e Cases groups -are visceral leishmaniasis patients confirmed at Kahsay Abera and Mearg

Hospitals
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e Control groups - are apparently healthy workers of Kahsay Abera and Mearg hospitals
who had the same age to study participant without having visceral leishmaniasis.

e Leucopenia - total white blood count <4000 cells/ul classified as leucopenia

e Anemia severity - Hgb<8 g/dl have termed as sever for both sex, Hgb =8 — 9.9¢/dl
(moderate) for females and Hgb =8 — 10.9g/dl for male (moderate) and Hgb =10 —
11.9g/dI for females (mild) and 11-12.9 (mild).

e Neutropenia — Neutrohpil count <1500 cell/pl classified as Neutropenia

e Lymphopenia- lymphocyte count <600 classified as Lymphopenia

e Red blood cell Prameters — are the combination of hemoglobin, hematocrit, MCV,
MCH, MCHC, and RDW

e White blood cells parameters- are the combination of neutrophil, eosinophil, basophil,
monocyte, lymphocyte, and neutrophil to lymphocyte ratio.

e Platlet parameters- are the combinations of MPV, PDW, and PLR

5.11. Ethical considerations
Before starting the study, ethical clearance was obtained from the ethical review committee of

the department of Medical Laboratory Sciences of Addis Ababa University. Further permission
was also obtained from Tigrai Regional Health Bureau and from Administrators of selected
hospitals. Furthermore, after explaining the importance of the study, an informed written consent
was obtained from study participants.The confidentiality of the information collected was
maintained by using code numbers for participants. For those participants who had
haematological abnormality associated with visceral leishmaniasis, farther diagnosis was done
and appropriate treatment was prescribed by physicians.About 40% of the study participants who

have any hematological abnormalities was get medication.

5.12. Dissemination of the result
Findings of this study will be presented to the scientific community in the Addis Ababa

University, department of Medical laboratory science, College of Health Sciences.The result will
be disseminated to the study health facilities, weredas and zonal health administrations, Tigrai
regional health bureau. Finally it will be submitted to peer reviewed local and international

journals for publication.
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6. Work flow
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Figure 2: Work flow of the study
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7. Result

7.1. Socio demographic Characteristics of study participants

The study included 200 study participants that comprise 100 VL patients with mean age
27.98+9.634 years and 100 controls with mean age 27.64+4.758 years. Ninety one (91%) was
males in case group and 90(90%) were males in control group. Forty nine percent of the VL
cases and 55% of the control groups were single. Most of the VL cases were primary school
which accounts 51% while 85% of the controls were diploma and above .The majority of the VL
cases were from rural residence 94% but all of the controls were urban residents. The detail

Sociodemographic characteristics were summarized in table 2.
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Table 2: Socio demographic characteristics of study participants in Kahsay Abera and Mearg

hospitals, Tigrai, Northern Ethiopia, November, 2018 to March, 2019 (n=200)

Variables Case group (n=100) Control group (n=100)
Gender
Male n (%) 91(91%) 90(90%)
Female n (%) 9(9%) 10(10%)
Age in year n (%)
15-20 28(28%) 4(4%)
21-25 20(20%) 31(31%)
26-30 23(23%) 42(%)
31-35 9(9%) 15(%)
>35 20(20%) 8(%)
Mean +SD 27.98+9.634 27.64+4.758
Marital status
Single n (%) 49(%) 55(55%)
Married n (%) 37(%) 42(42%)
Divorced n (%) 13(%) 3(3%)
Widowed n (%) 1(1%) 0
Educational status
Iliterate 29(29%) 0
Primary (1-8) 51(51%) 0
Secondary (9-12) 20(20%) 15(15%)
Diploma and above 0 85(85%)
Occupational status
Students 15(15%) 0
Farmers 24(24%) 0
Daily laborer 60(60%) 0
Merchant 1(1%) 0
Government employers 0 100(100%)
Residence
Rural 94(94%) 0
Urban 6(6%) 100(100%)

In this study the main clinical signs and symptoms presented at the initial evaluation were: fever

(100%), splenomegaly (100%), general weakness (85%), skin mucosal pallor (72%), bleeding

(67%), weight loss (65%), anorexia (52%) and hepatomegaly (36%) (Table-3).
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Table 3: The frequency of clinical features of visceral leishmaniasis patients in Kahsay Abera
and Mearg hospitals, Tigrai, Northern Ethiopia, November, 2018 to March, 2019 (n=100)

Sign and symptom No (%)
Splenomegaly 100(100%)
Hepatomegaly 36(36%)
Fever 100(100%)
Weight loss 65(65%)
Jaundice 21(21%)
Skin mucosal pallor 72(72%)
Diarrhea 15(15%)
Anorexia 52(52%)
Abdominal pain 17(17%)
General weakness 85(85%)
Bleeding 67(67%)

7.2. Hematological abnormalities among VL patients
In this study the most common hematological abnormalities were thrombocytopenia, anemia

leucopenia, neutropenia and pancytopenia (Table 4).

Table 4: Frequency of hematological abnormalities of VL patients in Kahsay Abera and Mearg
hospitals, Tigrai, Northern Ethiopia, November, 2018 to March , 2019 (n=100)

Hematological abnormalities

N (%)

Anemia
leucopenia
neutropenia
Lymphopenia
Eosinopenia
Thrombocytopenia

Pancytopenia

96
95

92
73
45
97
89

The red blood cell morphological characteristics of VL showed that normocytic normochromic

,microcytic hypochromic, dimorphic cells and macrocytic normochromic RBC cells were the
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most common red blood cell morphological findings which were present in 60 (60%), 35 (35%),
4(4%) and 2 (2%) respectively (Figures 3).

RBC morphology (%)

®  Microcytic
hypochromic

®  Normocytic
normochromic

Macrocytic
normochromic

®  Dimorphic cells

Figure 3: Morphological classification of anemia among VL patients in Kahsay Abera and
Mearg hospitals, Tigrai, Northern Ethiopia, November, 2018 to March, 2019 (n=100)

Anemia severity

The severity of anemia depends on the hemoglobin level where Hgb<8 g/dl have termed as sever
for both sex , Hgb =8 — 9.9¢/dl (moderate) for females and Hgb =8 — 10.9g/dI for male
(moderate) and Hgb =10 — 11.9g/dI for females (mild) and 11-12.9 (mild). Based on this
classification, from the 96 anemic patients, majority of them 52 (54.17%) shows severe anemia.

Mild anemia was seen in only 4 patients (4.17%) (Figure -4).

4.17 (4)

m Mild
B Moderate

M Severe

Figure 4: Severity of anemia among Visceral Leishmaniasis patient in Kahsay Abera and Mearg
hospitals, Tigrai, Northern Ethiopia, November, 2018 to March, 2019 (n=96)
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7.3. Hematological parameters tests of Visceral Leishmaniasis patients and healthy control
groups

In this study the means and standard deviations of hematological parameters of VL cases and
controls are presented in Table 5. Based on the analysis, the absolute mean number of RBC
(10%%/L) (3.14+ 0.89 vs. 4.76 +0.50, p=0.001), level of hemoglobin (g/dl) (7.99 +2.21vs 14.4+
1.487, p=0.001), the percentage of hematocrit (%) (24.8 6.6 vs. 41.9+ 3.2, p=0.001),), the mean
cell volume (fl)( 79.8 +6.9 vs. 85.8 +4.9, p=0.001),the mean cell hemoglobin MCH (pg)
(25.5+3.1vs 29.9 +1.9, p=0.001), mean cell hemoglobin concentration MCHC (g/dl) (32.1 £2.3vs
34.8 +1.3,p=0.001), and the absolute platlate count (x10%L) (70.8+36.8vs 228.9+ 62.5,
p=0.001), were significantly lower in VL cases compared with the control groups. Similarly the
absolute count WBC (10%1), neutrophil count, lymphocyte count and eosinophil count were
significantly lower in VL cases compared with the control groups with means and standard
deviations of (2.12 £1.0 vs. 6.7+ 1.8, p=0.001), (1.0 £ 0.6vs 4.1 £1.5, p=0.001), (0.9 +0.5 vs.
1.9+ 0.7 , p=0.001), and (0.032+0.033 vs. 0.21+0.14, p=0.001), respectively. Also neutrophil
lymphocyte ratio (NLR) and platlate lymphocyte ratio (PLR) were significantly lower in VL
cases compared with the control groups with means and standard deviations was (1.37+0.92 vs.
2.65+1.97, p=0.001), (101.83+76.5 vs. 141.2+83.1, p= 0.001). The RDW-CV, lymphocyte
percentage, monocyte percentage and monocyte count was significantly higher in VL cases
compared with the control groups with means and standard deviations of (17.6+3.53 vs. 13.8+
2.94, p=0.001), (42.7+ 13.40 vs. 30.66+ 10.73, p=0.001), and (7.9+ 5.0lvs 6.52+ 2.77, p=
0.017), respectively. No statistically significant difference was observed on mixed percentage(%)
,basophile percentage (%) and Mean Platlate volume MPV(fl) with means and standard
deviations of (10.26+ 6.93 vs. 8.8+ 5.15, p=0.094) , (1.46+ 1.35 vs. 1.31+ 1.22, p= 0.411) and
(9.437 £1.29 vs. 9.72 £1.03, p= 0.092), respectively.
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Table 5: hematological parameter tests for VL patients and control groups in in Kahsay Abera
and Mearg hospitals, Tigrai, Northern Ethiopia, November, 2018 to March, 2019 (n=200)

Parameters VL cases(n=100) Controls Test_of sign_ificance (95%
(MeanSD) (n=100) _cronfldence I:.tve;:;l/;l)
(meanzSD)
RBC (x10%/L) 3.14+ 0.89 4.76 +0.49 -15.86 0.001
HGB (g/dl) 8+2.21 144+ 15 -24.08 0.001
HCT (%) 24.8 6.6 41.95+ 3.16 -23.4 0.001
MCV (fl) 79.8 £6.9 85.76 +4.85 -7.07 0.001
MCH (pg) 25.5+3.13 29.87 +1.9 -11.8 0.001
MCHC (g/dl) 32.0+2.34 34.79 £1.27 -10.1 0.001
RDW CV (%) 17.6+3.53 13.8+2.94 8.3 0.001
WBC (x10°/L) 2.1%1.0 6.7+ 1.7 -22.6 0.001
Lympho (%) 42,7+ 13.4 30.6+ 10.7 7.0 0.001
NUETR (%) 47.4+ 13.6 60.3 +13.9 -6.6 0.001
Mixed (%) 10.26+ 6.93 8.8+£5.15 1.684 0.094
Eosino (%) 15+1.2 29+ 138 -1.5 0.001
Baso (%) 1.5+ 1.4 1.31+ 1.22 0.825 0.411
Lympho (x10/1) 0.88 +0.5 1.9+ 0.7 -12.4 0.001
Neutrophil (x10%/1) 1.0 +0.61 41+15 -19.0 0.001
Mixed (x10%/1) 0.211+ 0.155 0.593+0.374  -9.437 0.001
Eosino (x10%/1) 0.032+0.032 0.2+0.14 -11.8 0.001
Platelet (x10%L) 70.8+36.8 230+ 59.4 -21.8 0.001
MPV (fI) 9.4+13 9.7+1.0 -1.7 0.092
PDW 14.6+4.2 12.542.2 2.14 0.001
NLR 1.37+0.92 2.65%+1.97 -1.28 0.001
PLR 101.8+76.5 141.2+83.1 -39.3 0.001

RBC-red blood cell, HGB-hemoglobin, HCT-hematocrit, MCV-mean cell volume, MCH-mean cell hemoglobin,
MCHC-mean cell hemoglobin concentration , RDW-red cell distribution width, WBC-white blood cell, Lympho -
lymphocyte, NUETR-neutrophil, Mono-monocyte, Eosino-eosinophil, Baso-basophil, MPV-mean platelet volume,
PDW-platlate distribution width, NLR-neutrophil lymphocyte ratio, PLR-platlate lymphocyte ratio, SD-standard

deviation, g/dl-gram per deciliter: fl,-fomtolitter , pg-picogram
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8. Discussion.

Visceral leishmaniasis is a potentially fatal human disease with an estimated incidence of at least
0.2 to 0.4 million cases worldwide, causing 20,000-40,000 deaths annually [6].In the current
study, the main clinical symptoms and signs of VL patients were splenomegaly ,hepatomegaly
fever ,weight loss ,jaundice ,skin mucosal pallor ,diarrhea ,anorexia ,abdominal pain ,general
weakness and bleeding , similar to studies conducted Nepal [13] ,India [14],Yemen [15],Pakistan
[20],Kuman [21],Iran [22, 23].

The present study showed that anemia, leucopenia, neutropenia, lymphopenia,
thrombocytopenia, and pancytopenia were the most common hematological problem present in
VL patients. These findings are in line with studies reported from Yemen [12], Nepal [30],
India [16], Iran [22, 23], Sudan [24, 25], Gonder, Ethiopia [26].

In present study significantly decreased mean Hb, RBC, HCT and RBC indices values was
reported in VL patients compared to control groups, similar to report in Sudan [25]. The 96%
anemia observed in VL patients in this study, is conisstent with studies done in Iran (97.1%) [22]
,Yemen (100%) [12] India (100%) [15], Sudan (100%) [24],and Gondar, Ethiopia (94.4%) [26].
However, the prevalence of anemia in this study was higher than other studies done in Nepal
(90%) [30] and Iran (87.3%) [23]. The cause of anemia in these VL patients may be
multifactorial: sequestration and destruction of red blood cells (RBC) in enlarged spleen,
immune mechanism and alterations in RBC membrane permeability, plasma volume expansion.
Moreover, hypersplenism, nutritional deficiencies of iron, folate and vitamin B12 may also have
some additional role. Other suggested causes include increased sensitivity to complement,
inhibition of erythrocyte enzymes, production of hemolysin by the parasites and presence of cold
agglutinins [3, 4].

Most of the RBC morphology of VL in this study showed that normocytic normochromic cells
followed by microcytic hypochromic cells similar to studies conducted in Nepal [30],India [3,
4].The finding of this study is in contrast with previous studies conducted in India [14], Yemen
[18] and Kumaon [21] , which showed that microcytic hypochromic cells was the predominant
blood cell morphology followed by normocytic normochromic cells.
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Total white blood cell count and neutrophil count of VL patients significantly decreased
compared to controls , similar with the study conducted in Sudan [25].The prevalence of
leucopenia in this study was 95% which is similar with a study done in Gonder, Ethiopia (95.4%)
[26]. The prevalence of leucopenia in this study was higher than studies done in Yemen (87%)
[12], Nepal (67.5%) [30], India (83.3%) [15], Iran (67.6%) [23].The cuase of leucopenia is may
be due to delayed presentation to hospital which was attributing to hypersplenism causing
leucopenia. Neutropenia was the most common abnormality seen in 92% in this study, which
was similar with a study done in Gonder (90.1%) [26], but which was higher than studies in
Yemen (73.5%) [19] and Sudan (88%) [24].This increases of neutropenia may be due to
destroyed premature white blood cell (especially Neutrophils) by the parasite [4].

Similarly the prevalence of Lymphopenia in this study was 73%, which was higher than in
studies done in Yemen (53.2%) [12] and Gonder ,Ethiopia (37.9%) [26].The prevalence of
Lymphopenia in this study was lower than study done in Sudan (94%) [24]. Also eosinopenia
was observed in VL patients in this study. The result of this study is in line with pervious study
conducted in India [4, 14], Yemen [12], and Sudan [24].The suggested mechanism for

development of this leucopenia is due to hypersplenism [3].

Platlate count of VL patients in this study is significantly decreased compared to control
groups.The result of this study is consistent with a study conducted in Sudan [25]. The
prevalence of thrombocytopenia in this study was 97%, which is consistent with studies done in
Yemen (94%) [12], Sudan (100%) [24] and Gonder ,Ethiopia (90.1%) [26]. However this study
showed slightly higher prevalence than studies done Nepal (72.5%) [13], India (83.3%) [16],
Kumaon (85%) [21], Iran (91.2 %) [22]. Splenic sequestration and immune mediated
mechanisms are mainly thought to be responsible for development of thrombocytopenia [4].
Pancytopenia is the most common haematological abnormality seen in 89% VL patients in this
study, similar to a studies conducted in India [15, 16], Pakistan [17], Yemen [18], Iran [23]. The
reason for pancytopenia could be due to long duration of symptoms and splenomegaly before
presentation leading to increased peripheral destruction of blood cells [3].

Mean platelet volume (MPV), is one of the parameters used in the evaluation of platelet size.
MPV has been recently getting increased attention as biomarker in different disease like cardio

vascular disease, cerebral stroke, respiratory disease, chronic renal failure and rheumatoid
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disease [31]. From a study conducted in Turkey no significant difference in MPV level in
patients with cutaneous leishmaniasis and control groups was observed [32]. Similarly in the
present study there is no statistically significant difference between VL patients and control
groups in terms of MPV values. Platelet Distribution widith (PDW) another platelet parameter
directly measures variability in platelet size, changes with platelet activation, and reflects the
heterogeneity in platelet morphology. PDW is increased in the presence of platelet anisocytosis.
PDW was reported to be significantly higher in the acute cholecystitis group when compared to
the control group from study conducted in Turkey [33]. Also PDW was significantly higher in
cutaneous leishmaniasis than control groups form study conducted in Turkey [32]. Consistent
with the Turkish finding, in the present study PDW is significantly higher in VL patients
compared control groups. This finding suggests that PDW value can be used as a biomarker for
screening of VL patients.

Neutrophil lymphocyte ratio (NLR) is the ratio of the number of neutrophils by the number of
lymphocyte counts. NLR has been reported as important biomarker for the diagnosis of different
diseases such as diabetes mellitus, atherosclerosis, hypertension, metabolic syndrome, cancers of
the lung , ovaries and stomach as an indicator for systemic inflammatory status [34]. In the study
conducted in Turkey higher neutrophile count, NLR and lower lymphocyte count were detected
in the patients with psoriasis than the control groups [35]. Another study in Turkey reported that
NLR value was higher in patients with cutaneous leishimaniasis [32]. In the present study
neutrophil count is lower in the VL patients than the control group, and as a result, NLR is
significantly lower in the VL patients.

Platelet lymphocyte ratio (PLR) is the ratio of the number of platelets by the number of
lymphocytes. PLR is another new biomarker suggested for the diagnosis of cancers and
cardiovascular diseases. From a study conducted in Turkey the PLR values were higher in
patients with cutaneous leishmaniasis compared to the control groups [32]. In the present study,
that platelet count was lower in VL patients and PLR values were also significantly lower in the
VL patients.
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9. Strength and limitation of the study

9.1. Strength of the study
The strength of the study is participants were tested for malaria , rk-39 test for VL to

screening of the controls as well as VL cases. Moreover biomarkers like MPV, PDW, NLR and
PLR were done which were not assesed in previous studies. Also the finding of the study may
serve as base line data in the study area for future researchers who have interest in similar topics.

9.2. Limitation of the study
Limited published studies are available making it difficult for comparison of this study with

other findings. Also being a cross-sectional study by design, it cannot observe prospectively and

thus cannot associate causal relationships between the factors under study.
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10. Conclusion and Recommendation

10.1. Conclusion
The principal changes in peripheral blood of patient with visceral leishmaniasis were reduced

number of red blood cells, reduction in leukocytes and decreased platelet count. VL patients
presented with splenomegaly, fever, bleeding, anemia, leucopenia and thrombocytopenia. This
finding indicates that visceral leishmaniasis causes alterations of hematological parameters.

10.2. Recommendation
Based on the above finding the following recommendation are forwarded

e Panytopenia with neutropenia and high RDW in combination with clinical features can be
used for proper management of visceral leishmaniasis patients.
e Further large scale cohort study is recommended to find out associated risk factors of

hematological abnormalities of VL.
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12. Annexes

Annex |. Participant Information Sheet

A.English Version

Principal investigator: Gebremedhin Gebremichail Gebreslasse

Institution: Addis Ababa University, College of health Science, Department of Medical

Laboratory Science

Title of the project: Assessment of clinical and hematological alteration among visceral
Leishmaniasis patients attending Kahsay Abera and Mearg Hospitals, Western Tigrai, Northern
Ethiopia, 2019

Introduction:  Dear study participants | am MSc student of Addis Ababa University,
Department of Medical laboratory Sciences. You are invited to participate on the study of
Assessment of clinical and hematological alteration among visceral Leishmaniasis patients

attending Kahsay Abera and Mearg Hospitals, Western Tigrai, Northern Ethiopia, 2019.

Purpose of the study: The purpose of the study is to assess clinical and hematological alteration
among visceral Leishmaniasis patients attending Kahsay Abera and Mearg Hospitals, Western
Tigrai, Northern Ethiopia, 2019

Duration: the duration of this study depend on the availability of study subjects and it can take

about 3-4 months.

Procedures to be carried on: dear study participant if you agree to participate in the study, you
will provide 3-5 ml of blood sample to assess your hematological profile tests.

Risks and Discomfort: during blood samples collection there will be minor discomfort or feel
pain. During collection of samples from your hand appropriate precaution will be taken and all
samples will be collected by trained health professionals. Appropriate medical care will be given
to you if needed.

Expected Benefit: There will not be any payment or direct benefit for participating and you are
not asked to pay for the laboratory examination. The result will be given to you and if your result

is clinically significant, it will help you for further diagnosis and treatment.
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Confidentiality: Any information that that i am going to collect about you during this research
will be kept confidential. Your name and identity on the request paper will be changed to
confidentiality code for the purpose of this study.

Withdrawal from the study: Your participation in this study is completely voluntary, and you
may stop the participation at any time or you may refuse to answer some of the questions if you
feel uncomfortable. You may withdraw at any time without giving reason if you are
uncomfortable. You can ask any questions regarding to this study and you have a right to get a
laboratory results for free.

If you have any question regarding to this study please contact the following address:

Principal Investigator: Gebremedhin Gebremichail (BSc)
Mobile Phone: +251914255686
Email: gmedhinmichail86@gmail.com

Advisors: Aster Tsegaye (MSc, PhD)

Mobile Phone: Tel: +251911696085

E-mail: tsegayeaster@yahoo.com
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B. Amharic Version

ATAFLPT avlF aohoeg Q1L

PATIO- A9°: 1NLaPLYT T0LTLNkA TL0AG

etkao- Ag°; A0 ANN RLOCAAL PUNIPS § MG AL hAE: 2hhgPS ANC-R¢ FIPUCT hea

PG CAG: (NhAL AlG- PATHA AT 0 T19CT PATHO P7LTF PhARHC (hav-a77 av-ie RL9° I°Cave. 79T
Tl =

oo 2:0+0NG PTGE +AJd A PA.AL. PANCRS AR HIPUCT DEA 990 HCH 496 T4 Th.hCO
NhAL AN PATHA AG O 79901 PATHA PTLTE PNARHC haPa7?  av<ie QRIP JPCaPs. TGt TIRLe
(7L.A@. ChQ 0P Pavavltf TG U-& AL AT8.A T4 TIHA:

PPGE LH: PTGE 9l (19°GTTA. PhARHC NTHET OHF 27,007 (LP? h3 Adh 4 OC ADAL & FAA::

PPeR L& 0HNG PTGk AT UL AT TICT AATTE DFTIHE § §2F NP 044 ATG+E 271.0.4 3
Alh 5 71,0, £9° AIOA8AT:

NGk IC HLLH el aoa) 1S 0290 Gav-G (TLAPNF Ot II9° ALY Phé. ToC ALITIPPHIP = 11C 17
L9° A.0NL MG PYarg® (9%t ALANTA STAN = PTIP 17 Gar-GaLy AdPANAN AP NAF@. NAPP
NAT.02LAG ANLALDT T7PE ACIE NATLONEL: PUIPI® MLt ARTCIP:

NPk 0TLOTTT TP

LUTT TGT NTINTCH L9164 avavsd P WL avPr avn? (1LY TG Navhd.de (1THA 9L0TTF TPI° 0125 CI°
0Pk NTLTTO Ot U7 Mo §PF: ATGE MFOAL §avG AL PT1TTDT dmt 019 P15 s

O Tens9° MO Mk AL ADT NAD- NUNIPTT ATLITTST 18074006 L.LLIA:

PrAFAPT PAMC AAPmOP : (LY TCF AARCAL PRINAND: TGO avlE ALk
LMOPA:ATTE ANA (PMPELD OLPT AL PAD<T PACAL AP U1 “17rt 0L TLNTEP :TC
LPPLAN:: ATRUI° OAmT GaP-GI° (P aPZ% NHY TGT D 6h, AdA AATT TPI° hQD-OIP::

ek AATIRLT: (HY TG aPA+G oo (1004 NACAP &L eHavalt NP 1TT7ED-9° AATS 03
PIILLT av-te aOFPY PEMOP 10 AAHY aPAHE AATPATE NE PG (174 TIRLT DRYIP avav\f
PIIRLATT TR NPT AL TINT a0 a0V 1P 1D-::089° Gav-§ PAaPAM Tt ao-(1f P+ 10-: hHY

O tenT14 PGET OFavat T175 097 ALYE TP LavmPP MLI® 109 P99 T+ av(V At

L NAPTF: LUT TGT (HavAnt @LI° NHY D¢ (FFHaPL avp\h AATD.L I Tav- &G Tt MEI° 74
NALT MU P AL Gmbav<::

TGET 7.0V LD AD- A9°: NPT TN AN TL0AN
0e,A:+251914255686 A.7%4 ; gmedhinmichail86@gmail.com
KA91né : &/C hOrEC 6,9%
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C. Tigrigna Version

QL apG9e, AT°: M LavL YT ML LA T0LNAN

QL ThA A9°: A4.0 ANO SLACAL TOGT hh9PT ALTINT DAE §8 Ahh9°G ANC-F4 TIPUCT heA.

Qo avpq o ChlL:- Al VAL AN PATHA AT Al 919C POTIA HCh(k §& NARHC hav99t PNk
Al L9°9° @M. HAe@. PULIT LI° I°Ca0s. JOGATT PPXGOT::

Rt L. HHNNG(&) TOH &7%T FAFalt A1 §& AL ANA ZOCHt TOTT hhI°TT AL hAE GL
Ao AN HPUCT FA NTINHCA 96 TI°76L h=I09° DR 07T Al VAL Ald PATHA AT A
M9Ca POTHO HCN(: 98 NARHC chaP 97 PNk Al LI°PP° DM, Hoe@. PULIT LI° I°CIPL POGATT
PRGO7T Al HOA G avavlE avpQt: b TAJ 4 TNTE TALPI° hAdL:

Q&L aHSHL P GAT:- Al VAL AN POTHA AT ANl T99C POTHA HCh(: §& NARHC chav-oit
Pk Al LI°9° DA, Hoe®. PYLIT LI° J°CaPe. PPFATT PPRGH7 LI°NIt::

A 7% HNP& N APY ¢ G- &1%F APT HOOT (FI° 24h09° §8 NARHC Moot Wrtha@? h( 3 hal
4 OCch. hOAL ShAd hf::

PLI A% ht: XT%T: NHNG(&) TOH X719t FAFALT AHI® HAO: TOH. KT PO He&h AT FPLE
AT&MC DRTIP IH. 7% Hhak? 0l 3 ha 5 7.4, Hha? £9° h7OALNI° A=

POt a0dGoE: Tt Hovdh AdLY:- T9°Cavs- HNAT L9° Al HUANA APT 9°79° 9ert Hheh 019°
AT 7: 11C 17 £9° Al HONLA APT HEOOT §& I (Lo huke AN hR: &T-7 GATPNC
L£9° PANAN AL, AHAPI® OGN P8I QA HIPLNT ALAR WD PLPET ANHDOL G T°mTI° (9P T
heUN T

it a0aGot HEROP PPTL: AH. a5 O L G TINFCA 14 aPavlF dche: ngP PR aomy A, avBS it
NPAFE HEANL G TIHA PPL, PAD, APHFHRYAL a1 aPaGht: NHCHA @-0AA 7 M PT], AQIO:
Tl 0G0t Nl HEOAL £9° HCN @0k 119 LLAN AP FONT, A §& I° D0hT AD-M,
ATFIALP PQ HNRIP The N7 TRIPCIPST LONG W

G2 MN9°G avZ8hF NIPATC I°hAD. HIPANT = AOH. K79 A §FRI° @L §+7 Thh( HhY 4Ll avl8h
N9.APC N9° WhHATI® 1GAT:: T PRGot AAS HOe SRI°1H7 ook HIAR T 992807 SN TLATC
N7PLC AS: N toan, Ak FUG LI° 1Yy aoZ8h 3 Nt 7%t DA, AT TPaPNT::
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i aaSht: AATPEREH - A(E a0aSHt JPOFE NGRIP/FT &FLAYE Htavplt ek A TTANA P°FL-67
HELALP (ht HEIPIPAN & NAN/A AP9°/07:: AMH. aPaGot HAL/®F h Pty ChAALT A0 HDT &he? °In
hehk/ 3 Shade/A::

THFOAT, & THI® HAO(: ALEA meba-::

Qe apG9e, AT°: M LavL Y7 ML LhkA T0LNAN
0eA:+251914255686 A.9%4;_gmedhinmichail86@gmail.com
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e0eN: +251911696085: A.924: tsegayeaster@yahoo.com

Annex Il: Consent Form (study participants)

A.English version

Principal investigator: Gebremedhin Gebremichail

Research title: Assessment of clinical and hematological alteration among visceral
Leishmaniasis patients attending Kahsay Abera and Mearg Hospitals, Western Tigrai, Northern
Ethiopia, 2019

| have read, or have had this document read to me in a language that | understand, and |
understand the purposes, procedures and risks of this research project as described within it. |
understand that at any time | may withdraw from this study without giving a reason. | have had
an opportunity to ask questions and | am satisfied with the answers | have received. | know that
no special payment for being participating in the study. 1 freely agree to participate in this study,
as described. I understand that | was given a signed copy of this document to keep.

Name of participant. Age Address Signature Date
Interviewer’s name Signature
Principal investigator Name Signature

B. Amharic version

P& PLVE TV 01, PR

TE? 7LLeWED- A@- AF° :1(0LaP LT TN LA TN40AN
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A O Pl
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C.Tigrigna version
CL §FLE T vl P14

QL av45GL NI°: 10407 ML LA T040AN

Q&1 apGH T ChL:- Al WAL ANG- PATHA AS A 919C7 PATHA HCOh(+ §& NARHC hoo99T PPk
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A1 & bt HI0R NLP PRGo T HAF4L 1907 Wrh@a? KA SRH. &% HEAR T1é-T 19°ChA
AS O 79T AL P06 A0 1T 207 AP7 DI° HAMA 19°Co02L A%=NAIL A0 27%T TAF 4L 9018
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Ge tatdlét PANS RS ------mm-mmmmmmmmmmen &COY -m-mmmmmmmmmen T
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Annex I11; Parental consent form

A.English version
I parent, after being fully informed about the purpose of this study on

the Assessment of clinical and hematological alteration among visceral Leishmaniasis patients
attending Kahsay Abera and Mearg Hospitals, Western Tigrai, Northern Ethiopia, 2019 .1, the
undersigned, have been told about this research. | have been informed there is no harm related to
giving specimen. | have been informed that other people will not know my child results as it
coded with number rather than writing name. | understand that there may be no benefit to me
personally apart from clinical service | get from these results. | have been encouraged to ask
questions and have had my questions answered. | have been told that participation in this study is
voluntary and | may refuse to be in the study. | know my participation will also be approved by

my child. By signing below I agree to let my child to participate in this research study.

Name of parent signm Day/month//year/
Witness (llliterate) - Day/m/onth//year
Name of the researcher Signature Day//rnontr/vyear

B.Amharic version

PATOCYT aoMmee? P

Apmmmmmmmmmmmmm oo PAL, ANSTIT, QT PHUY TE AATT NON FL&FAU-:: A

AN POTHA AG 0 719G PATHA P9LTT PNARHC chaPaT% av PLI° JP(Cavs. TG T84 N7I.AD- Chl
0PG5k AL A18.01G OB PRl aPIPRT 114G GavG abmt I79° AR T 19T AL AL A7LAN
TCTA:: OTGE OPTI° 0L, aol8PT NTLATC OATLEH (A AQL HIE AIR9ICIOP L& FAU-::
NoOmAk 770 PUh9PE AT (PC AA AL N9 L7L.eTTM. PPI° AILAA TL&FAv:: TOE
AIMPP LN TATFT ATLEPE® (1 JPAT ATIFAU:: PAL, (TG aPatq (s FATF NF WU hG
NTGRI® AATPATE JOI9° AR T80T AL AL AZLTIPANTA +4&FAu-:: NHY AAIC PAL, NTSE DT
APt PRy POAE. AAS1, 4.9 WILTLLNAANT L& FAU-:: (Wl PP AL 0PG5k A7271.4+¢ hHy
03T NLCTI% ALIIMAY-:
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RAT LD (100 s &CM

aA FONCP har(1gau-!

C.Tigrigna version

SR LTVt a0l 1. P4

RY=mmmmmmmmmmm e Ge MALL avAGA, hTFNALT SRH, &7%T GATT T4%A Adlk:: A0 AL Ad POTHA
AS Al T19C PATHA HC(: G0 NARHC Mavalt 9Ok Al £9°9° @-Gim. HAe@. PUPHT LI° J°Cavs-
PEATT XG0T MHNA ChA. @ALL h9° HATE[FATE At LACF THe h9® U T142/11e T
Ae/AA::GaDG JOY() Al MALL P390 AR T°IC N9° HeAN: 114 Ade:: i GR1H avlShd NTLATC
g Ahhi® A@T FEAA AdDe: DH QZAF @A, AL P79 981 TPOL h9° HRLh-(l AT +49A
AND::G0 @ARR AQH., &7%T PO NGHe LAPT HANT hg® HNIG AH &7%T NHRIPOI ¢4 Fo7°
LYt 20T hg° HPPPXA FCLA AAhei:h(H 1t@Ah, §8 @A AT h9° HEA. TC8A hAdh:: (15T
LAt @ALL A &7%T h9° HATE (L.CTTL 0401

I T A 2 o B L
(163 HANN N%A PP TIFP ---mmmmmmmmmmmmmmmm oo L B T
Gt av%59L (T° mmmmmmmmmeee &C e

QA HHANNE7 PF700L)!
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Annex IV: Assent form for children aged 12-17 years

A.English version

| fully informed about the purpose of this study on the Assessment of clinical and hematological
alteration among visceral Leishmaniasis patients attending Kahsay Abera and Mearg Hospitals,
Western Tigrai, Northern Ethiopia, 2019 . | have been informed there is no harm related to
giving specimen. | have been informed that other people will not know my test results as it coded
with number rather than writing name. | understand that there may be no benefit to me
personally apart from clinical service | get from these results. | have been given the opportunity
to ask questions and my questions have been answered to my satisfaction. | voluntarily assent

that I would participate in this study provided my parents/guardians give their consent to give my

blood for the study.

Name of participant signature Day/month/year
Witness (llliterate) : :

Parents phone number

Name of the researcher Signature / Da/y/month/year

B.Amharic Version
Nhhae Alé- POATFA AT O 999G POTFA PTLTT PhAAHC haP977  av«x RLIP J°Cavs. TG+ 9984

N7LA®* ChQ PG GATID. A1PICTFN.GaPG AT 9P 41T TFOIC AT AADI® F1ICTA:: N TGk OPTI° 04
avlEPT NTLATC AATLEH (A AQ. H7E A7RIIRIOP HLL&FAU-:: MMk NLTTA. fUNIPT AT
NPC AA AL N9 PTT@. PPI° RILAN TLEFAU-:: TEB WILMEP 08N TATHT ATLRPE® N4 IPAT
ATIFAV:: (LY TGk AP 02 GAYE W8N UG OALTE PGSO I FAv-::

tard 1 e
2 O il
PATTLD (100 s &G
.............................. 2

QA HNNCP Agea1Sau-!
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C.Tigrigna Version
Al AL ANG- PATHA AT A0 T19C7 PATHA HC( §& NARHC cha® 971 PNk Al LIPF° DA, HAe@.

PYULIT LI° IPCavL- PPEATT JPRGHT NHAN ChA A HOA ChA PT GATCh 19141 hle:: GavG goYA)
o9 4Lt TOC 9P HPPPRAAS 1141 Ade::Hht 4Lt avZ8hd NT.ATC h9° htchHP haLT +4%hA
Adhe:: lH, @ZAT ORK, DALA 9°79° 921 TP, h9° HELhl AT TS84 Adhe:: AH, &7%T AH. P03 ¢
Gte LA NP Hie he'r WALL AT&:hC 4BEIPAL ThATE +011070.0 Adhe::

TR tagdlét AP --mnmmmmmmmmmam A e B T
A& HARN NG PP AP ------mmmmmmmmmmmmmmmmmmee L B L
Get RGIL TT° —mmmmmme- &CT7 m==eB\femmmm e e e

QA HtA00E7 PF700L)!
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Annex V: Structured Questionnaire for visceral leishmaniasis patients and control groups
Research Title: Assessment of clinical and hematological alteration among visceral

Leishmaniasis patients attending Kahsay Abera and Mearg Hospitals, Western Tigrai, Northern
Ethiopia, 2019

A.English Version
Identification: Name of facility

Region Zone Woreda Tel: -------mmmmmee
Note: Please Encircle or Write the appropriate answer on the provided space.
No. | Variable Response
1 Sex 1. Male 2. Female
2 Age
3 Marital Status 1. Single 2. Married 3. Divorced 4. Widowed
4 Education level 1. llliterate 2. Primary 3.Secondary 4.Diploma and above
5 Residence 1. Rural 2. Urban
6. Occupation 1. Student 2. House wife 3. Government employer
4. Private employers 5. Farmer 6. Merchant 7. Daily labor
8. Other

7 Do you have  history of | 1. yes 2. No

hypertension
8 Do you have  history of | 1. Yes 2. No

HIV/AIDS?
9 Do you have history tuberculosis | 1.Yes 2. No

for the past two years?
10 Do you have history of DM? 1. Yes 2.No
11 Do you have habit of smoking? 1. Yes 2. No
12 If yes to Q # 13, how often do you | 1. every day 2. two or three times per week 3. Other

smoke?
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13 Do you have alcohol drinking habit | 1. yes 2. No
14 If yes to Q#16, how often do you | 1. one perday 2. More than two per day
take? 3.two or three times per week 4. some times(holiday)
15 Do you take any medication within | 1. Yes 2. No
three months?
16 If your answer is yes for Q#15, | 1. Anti-protozoa 2. Anti-bacterial 3. Anti TB 4. other
what type of drug do use?
17 Do you have history of chronic | 1. Yes 2. No
liver disease?
18 Do you have history of chronic | 1. Yes 2. No
kidney disease?
19 Do you have history of cancer? 1. Yes 2. No
20 Do you have history of chronic | 1. Yes 2. No
heart disease?
| thank you for your cooperation
B. Amharic version
av(\@: O-tkav- ag°
haa A 00, QAR =-mmmmmmmmmeeeee

TAANEL: QP FhhAT @7 avih hl(t DLI° £94-:

+& | TIRPT avi\(
1
a7 1. 078 2.
2 A&,
3 1. ea10/F
eoOF v 2. FH4C AL
3. eI F
4. N9t 9°n7 0T eTALR
4 1. eatoid
PTIPUCT R4E 2. K785 £25(1-8)
3. AT R25 (9-12)
4.9 T097/2:145 hH NAL
5 avce lamC 2.0t
6 0c- 14996 2.20F Aot 3.9900 0¢-HS 4.10& 5.1.08, 6.997
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OC1a 7.00

7 (1Lav M.AT PL9° 4t ANNT 1. AP 2. PATyg°
) NLav- MAT PhT ALN. (03 AANT
1. A9 2. A9
9 o-ka. NaS Fhel, o A9 2. A9
10 Lo AT PaC N0 AANT
1. h® 2. PA9°
11 | Woe tavamt APPL AANT 1. A 2. PATyg°
12 | Ate 2PC 11 aAQ® AP Ut A7 | 1.009% 2.0-AF @L9° AdvE I NA9° 7 3.0.A
£ha %10 LenOte
13 | AADA Lot AIPL AALT 1. h® 2. PA9°
14 | Ate €1C 13 AP AP vt 7 | 1. 1.004% 2. oAk @L9° ANE °1 NA9PFE 3478 AL
£ha emMi IL(NOAA 1)
15 (H. At ©C OO LAt OO | 1. hP 2. PA9°
PP
16 | Ate- 2TC 15 avAQP AP AT ALTE | 1.A TCFHP 2. AQhvESS 3.0ENL 4.00
nas-
17 | &t < 289 210 06T AA0T 1. h® 2. PA9°
18 | a1k ehadst NAF Ad0t 1. h® 2. PA9°
19 | eh7ac 0 Aant 1. h® 2. PA9°
20 | AH I, 280 PAN N AADT 1. h® 2. PA9°
AA FNNCP haraesau-!
C. Tigrigna version
A\ GOt I TigP: Set: 9o ne:
hea bty LS ange T
avthAA(L: FRhAT HTT PAL Ph - @2 NG Lochd-:
+.& | bt aoN(
1 e
1. 0632 2. A0 JL
2 b&av
3 Tt Ah8C 1. H@tavCom] oAt
2. N9A A8C
3. Hétch// vt
4. N9t N7 HHEANR
4 Ge TIUCT L8 1. HeA9°7¢.
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2.$879¢, £L7(1-8)
3. hAKR 245 (9-12)
4. ST O™ S INDN AT

5 av’ (14 lamc 2.0t

6 | (ch 149701 2.50 ™ Oéehtd
3.98MAP Né-ch 4.h0FL 51088
6.9°90 P (\-chts 7. 00K

7 | &0l RaPP° @M, AAPI° 272 1.a0 2.007

8 | Al £9°9° @Tim. AT ALO. AAPIC/T? 1. ho 2. 00L7

9 | G 0. hTIg° FhnT, £P9°? 1. ho 2. P00L7

10 | A0 £PP9° @AM, L TNCE hT9° AAPT°/7? 1. ho 2. eNAL7

11 | 424 G2 9othh AP, AP [7? 1. ho 2. ¢N0L7

12 | 7té #7C 11 PAGI® AP ATHNRH? 1.0079%\k 2.0édt @2 AAdT I A
(a7 3.9A.A

13 | AAhA G P00 AIPE, AAPI [T7? 1. ho 2. P00L7

14 | rté #7C 14 PAO® AP KTHNRH? 1.0079%0k 2.0éit @2 AAdT I A
(a7 3.9A.A

15 | ANQAMAANTOCHANNIGL a0 A THNIGL 1A | 1 h@ 2.007

OALILLLAM: ?
16 | 73620615 aPAOI® A® WL APGLAR T a0t | 1. 04-TCFHP 2. 04-Oks? 3 0¢-
hP9° ONLJ°? t0. 4. Ak

17 | 92 2A9° D019, hTI9° KAPI° [7 82 1.A® 2.007%7

18 | 92 hAAF hTI9° KAPI® [T 872 1.h@ 2.207

19 | 62 M7IAC MTI° AAPI° [T 87 1.A® 2.007%7

20 | G2 A hTI9° hAPI [T 872

AA H1hO0%S 192077
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Annex-VI: standard operating procedures for blood collection
Equipment

» 21 gauge needle for each participant with closed vacutainer system

* Blood collection tubes for each participant

* Tourniquet

* Box of nitrile /vinyl gloves

* 70% Alcohol wipes

+ Cotton balls/swabs

» Bandages

* Pillow/pad for raising arm to comfortable elevation

« Apple/orange juice and snacks for fasting participants

» Disposable, single use materials or equipment are to be used whenever possible

* Any reusable materials or equipment must be cleaned and disinfected with
Alcohol-based sanitizers before use with another participant

Safeguards /safety procedures

* A new pair of disposable latex/vinyl gloves is used with each participant. Gloves are for single-
procedure use only. Gloves should always be removed using a glove-to-glove or skin-to-skin

technique which will prevent contaminating the hands.

* The use of gloves does not replace the need for hand hygiene. Hands should be properly
washed before the gloves are put on and after the gloves are removed. Hand hygiene is also
needed before and after the replacement of gloves during a procedure or in between tasks.

* Participants are reminded to do no heavy lifting for 24 hours.
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Procedure for drawing blood
Steps 1; Assemble equipment

Collect all the equipment needed for the procedure and place it within safe pack which is simple
for transport to collection site and place easy reach on a flat surface table ensuring that all the

items are clearly visible.

Step 2; Identify and prepare the participants and allow to sit comfortably preferably be stretching
his/her arm

Step 3; Perform hand hygiene and put on gloves
Step 4; Select the site of injection
Step 5; apply the tourniquet

Step 6; Prepare the arm by swabbing the antecubital fossa with a gauze pad or cotton moistened
with 70% alcohol.

Step 7; insert the needle properly into the vein
Step 8; draw the required amount of blood
Step 9; Fill the laboratory sample tubes and mix properly

e When obtaining multiple tubes of blood, use vacunated tubes with a needle and tube holder.
This system allows the tubes to be filled directly. If this system is not available, use a
syringe or winged needle set instead.

e If asyringe or winged needle set is used, best practice is to place the tube into a rack before
filling the tube. To prevent needle-sticks, use one hand to fill the tube or use a  needle
shield between the needle and the hand holding the tube.

e Pierce the stopper on the tube with the needle directly above the tube using slow, steady
pressure. Do not press the syringe plunger because additional pressure increases the risk  of

hemolytic.
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e Where possible, keep the tubes in a rack and move the rack towards you. Inject
downwards into the appropriate colored stopper. DO NOT remove the stopper because it
will release the vacuum.

e |f the sample tube does not have a rubber stopper, inject extremely slowly into the tube as
minimizing the pressure and velocity used to transfer the specimen reduces the risk of
hemolysis. DO NOT recap and remove the needle.

e Before dispatch, invert the tubes containing additives for the required number of times (as
specified by the local laboratory).

Step 10; Draw samples in the correct order and label the sample using unique code of

participants

Step 11; Clean contaminated surfaces and complete patient procedure
Step 12; Prepare samples for transportation

Step 13; Clean up spills of blood or body fluids

Annex VII: SOP for Sysmex KX-21N hematology analyzer

The Sysmex KX-21N is a quantitative automated hematology analyzer for in vitro diagnostic
use. Examination of the numerical and/or morphologic findings of the complete blood count are
useful in diagnosis of such disease states as anemias, leukemias, allergic reactions, viral,
bacterial, and parasitic infections. The KX-21 processes approximately 60 samples an hour and
displays on the LCD screen the particle distribution curves of WBC, RBC, and platelets, along
with data of 17 parameters, as the analysis results. The Sysmex KX-21N analyzer directly
measures the WBC, RBC, HGB, HCT, PLT, LYM#, MIXED# and NEUT#. The remaining
parameters are calculated or derived, MCV, MCH, MCHC, MPV, RDW-CV and RDW-SD, and
differential percentages LYM%, MIXED%, NEUT%.

DETECTION PRINCIPLE

The KX-21N counts and sizes red blood cells (RBC) and platelets (PLT) using electronic
resistance detection. Hematocrit (HCT) is measured as the ratio of the total RBC volume to
whole blood using cumulative pulse height detection. Hemoglobin (HGB) is converted to

methemoglobin, and read photometrically at 555 nm. White blood cells (WBC) are analyzed by
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direct current and discriminated into a three-part differential using Particle Distribution Analysis
(PDA). The resulting WBC histogram is discriminated into lymphocyte, neutrophil and mixed
cell populations. The mixed cell population contains monocytes, basophils and eosinophils.

DC Detection Method

Blood sample is aspirated, measured to a predetermined volume, diluted at the specified
ratio, then fed into each transducer. The transducer chamber has a minute hole called the
aperture. On both side of the aperture, there are the electrodes between which flows direct
current. Blood cells suspended in the diluted sample pass through the aperture, causing
direct current resistance to change between the electrodes. As direct current resistance
changes, the blood cell size is detected as electric pulses. Blood cell count is calculated by
counting the pulses, and a histogram of blood cell sizes is plotted by determining the pulse sizes.

Also, analyzing a histogram makes it possible to obtain various analysis data.
Non-Cyanide Hemoglobin Analysis Method

To analyze hemoglobin by automated methods, the Cyanmethemoglobin method or
Oxyhemoglobin method have so far been the main stream. Cyanmethemoglobin method was
recommended as the international standard method in 1966 by ICSH (International Committee
for Standardization in Hematology). This method, however, is so low in hemoglobin conversion
rate that it cannot be said an appropriate method in the automated process in which multi-sample
processing is the pre-condition. In addition, this method uses the reagent of cyanide compound
which is a poisonous substance and requires waste processing; thus, it can hardly be called an
environmentally favorable method. At present, this method cannot be said suitable for a fully-
automated instrument which is required to handle a large amount of waste. The Oxyhemoglobin
method, on the other hand, is faster in hemoglobin conversion rate; in fact, blood hemoglobin is
converted instantaneously into oxyhemoglobin. Also, it does not contain poisonous substance as
cyanmethemoglobin method, making the method suitable for automation. This method, however,
is unable to convert methemoglobin into oxyhemoglobin. Consequently, when a great amount of
methemoglobin is contained as in control blood, lower-than-real values result, although usual

human blood poses no problems.
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Non-cyanide hemoglobin analysis method utilizes the advantages of both of the above
methods. Non-cyanide hemoglobin analysis method rapidly converts blood hemoglobin as
the Oxyhemoglobin method and contains no poisonous substance, making it suitable for
automated method. Being capable of analyzing methemoglobin, this method can accurately

analyze control blood, etc. which contain methemoglobin.
Reagents

Cell Pack: - is ready to use for impedance and photoelectrical analysis of whole blood and its

ingredients are: sodium chloride, boric acid, sodium tetra borate, and K2EDTA.

Stromatolyzer WH: - is ready to use lysing reagent to analyze the leucocytes by lysing the RBC
and left the WBC free and easy to count; whole blood sample by resistance measurement and
photometric measurement and its ingredients are: nonionic surfactant, organic quaternary

ammonium salt.

Cell Clean: - is a strong alkaline detergent to remove lysing reagents, cellular residuals and

blood proteins remaining in the hydraulics of Sysmex analyzer.
Reagents preparation: Reagents are commercially prepared.

Reagents stability and storage: All reagents are stable at room temperature up to their expiry
date.

Equipments:

e Sysmex KX-21N
e Electrical blood mixer
e Electrical power stabilizer (500 or 1000 w)

Sample

e Whole blood specimen collected in K2EDTA anticoagulant tube.

Amount required
% of the lavender collection tube (3 ml)

Transport and Storage: 2-8 0C
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Aspiration

e Whole blood mode- Approximately 50pl
e Pre-diluted mode-Approximately 20pl

Dilution

In pre-dilution mode a sample is diluted in to 1:26 before analysis.
Instrument dilution

In whole blood mode

e The dilution for HGB and WBC 1:500
e The dilution for RBC 1:25000

In pre-dilution mode

e The dilution for HGB and WBC is 1:1000
e The dilution for RBC is 1:25000
CBC Analysis using sysmex Sysmex KX-21N

WBC/HGB Analysis procedure

In WBC and HGB analysis, the volume of WBC and hemoglobin in the blood are measured.
The flow of WBC/HGB analysis is described below:

Whole Blood Mode

1. Blood is aspirated from the sample probe into the sample rotor valve.

2. 6 ul of blood measured by the sample rotor valve is transferred to the WBC transducer
chamber along with 1.994 mL of diluent. At the same time, 1.0 mL of WBC/HGB lyse is
added to prepare 1:500 dilution sample. When the solution is made to react in this status
for approximately 10 seconds, RBC is hemolyzed and platelets shrink, with WBC
membrane held as they are. At the same time, hemoglobin is converted into red colored
methemoglobin.

3. Of the diluted/hemolyzed sample in the WBC transducer chamber, approximately 1 mL

is transferred to the HGB flow cell.
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4. 500 ul of sample in the WBC transducer is aspirated through the aperture. The pulses
of the blood cells when passing through the aperture are counted by the DC detection
method.

5. In the HGB flow cell, 555 nm wavelength beam irradiated from the light emitting
diode (LED) is applied to the sample in the HGB flow cell. Concentration of this
sample is measured as absorbance. This absorbance is compared with that of the
diluent alone that was measured before addition of the sample, thereby calculating
HGB (hemoglobin value).

Pre-diluted Mode

1. Blood sample that was diluted beforehand to 1:26 dilution using CELLPACK. This
sample is aspirated from the sample probe into the sample rotor valve.

2. 78 ul of diluted blood measured by the sample rotor valve is transferred to the WBC
transducer chamber along with 1.922 mL of diluent. At this time, 1.0 mL of WBC/HGB
lyse is added to prepare 1:1000 dilution sample. When the solution is made to react in
this status for approximately 10 seconds, RBC is hemolyzed and platelets shrink, with
WBC membrane held as they are. At the same time, hemoglobin is converted into red
colored methemoglobin.

3. Of the diluted/hemolyzed sample in the WBC transducer chamber, approximately 1 mL
is transferred to the HGB flow cell.

4. 500 ul of sample in the WBC transducer chamber is aspirated through the aperture.
The pulses of the blood cells when passing through the aperture are counted by the DC
detection method.

5. In the HGB flow cell, 555 nm wavelength beam irradiated from the light emitting
diode (LED) is applied to the sample in the HGB flow cell. Concentration of this
sample is measured as absorbance. This absorbance is compared with that of the
diluent alone that was measured before addition of the sample, thereby calculating
HGB (hemoglobin value).

RBC/PLT Analysis procedure

In RBC/PLT analysis, RBC and platelet count in the blood are measured. The flow of
RBC/PLT analysis is described below:
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Whole Blood Mode

Blood is aspirated from the sample probe into the sample rotor valve.

4.0 ul of blood measured by the sample rotor valve is diluted into 1:500 with 1.996
mL of diluent and brought to the mixing chamber as diluted sample. (1st step dilution)
Out of the 1:500 dilution sample, 40 pL is measured by the sample rotor valve, diluted
into 1:25000 with 1.960 mL of diluent, then transferred to the RBC/PLT transducer
chamber. (2nd step dilution)

250 ul of the sample in the RBC/PLT transducer chamber is aspirated through the
aperture. At this time, RBC and PLT are counted by the DC detection method.
At the same time, HCT (hematocrit value) is calculated by RBC pulse height detection

method.

Pre-diluted Mode

1.

2.

Blood sample that was diluted beforehand to 1:26 dilution using CELLPACK. This
sample is aspirated from the sample probe into the sample rotor valve.

2.08 ul of diluted blood measured by the sample rotor valve is transferred in 1.99792
mL of diluent to the RBC/PLT transducer chamber, and is made into 1:25000 dilution
sample.

Of the sample in the RBC/PLT transducer chamber, 250 pL is aspirated through the
aperture. At this time, RBC and PLT are calculated by the DC detection method. At
the same time, HCT (hematocrit value) is calculated by RBC pulse height detection

method.

Calculation of RBC Constant

RBC constant (mean RBC volume, mean RBC hemoglobin, mean RBC hemoglobin
concentration) is calculated from RBC, HGB, and HCT.

1.

Mean RBC Volume (MCV)
Calculation is made from RBC and HCT by the formula below:
MCYV (fL) = HCT (%) x10
RBC (x10°%ul)
Mean RBC Hemoglobin (MCH)
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Calculation is made from RBC and HGB by the formula below:
MCH (pg) =HGB (g/dL) x10
RBC (x10%/ul)
4. Mean RBC Hemoglobin Concentration (MCHC)
Calculation is made from HCT and HGB by the formula below:
MCHC (g/dL) = HGB (g/dL) x100
HCT (%)

General Analytical procedure

1. Mix the sample sufficiently

2. Remove the plug while taking care not to allow blood scatter

3. Set the tube to the sample probe and in that condition, press the start switch

4. The buzzer sounds two times - "beep, beep” - and when the LCD screen displays
"Analyzing,"remove the tube. After that, the unit executes automatic analysis and displays the
result on the LCD screen. Then the unit turns to the Ready status, becoming ready for analysis of

the next samples.

5. When the LCD screen displays "Ready," prepare the next samples and repeat the above
procedures. To analyze the sample in Pre diluted Mode, first switch the analyzer to Pre diluted

mode and follow the procedure as Whole Blood analysis.

Adult Reference Range

PARAMETER REFERENCE RANGE
Red Blood Cell Count (RBC)
Men 45-5.5x 10"/l
Women 3.8-4.8x 10*/

Haemoglobin (Hb)

Men 13- 17 g/dI

Women 12 — 15 g/dI
Haematocrit (HCT)

Men 40 —50 %
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Women 36 -45%
Mean Cell Volume (MCV)

Men 83 -99 1l

Women 83 -99fl
Mean Cell Haemoglobin (MCH)

Men 27 —-32pg

Women 27 —-32pg
Mean Cell Haemoglobin Concentration (MCHC)

Men 32— 36 g/dI

Women 32— 36 g/dI
Red Cell Distribution Width (RDW) 11.6 -14.0 %
White Blood Cell Count (WBC) 4-10 x 107/I

Differential White Cell Count (Diff)

Neutrophils 40 -80 % (2 - 7 x 10%/1)
Lymphocytes 20 — 40 % (1 — 3 x 10%/1)
Monocytes 2-10 % (0.2 — 1.0 x 10%1)

Eosinophils 1-6% (0.02 - 0.5 x 10%/1)
Basophils <1-2% (0.02 - 0.1 10°/)

Platelet Count 150 — 400 x 10%/1

MPV

Female 7.2-10.4 FL

Male 7.5-11.5 FL

PDW 9-14 FL

Quality Control

The reliability of this instrument and reagents is monitored by quality control. By use of control

blood or control materials the stability of the measured value is monitored over a certain period

of time, and problems can be detected early or prevented.

Control material

The control materials, EIGHTCHECK-3WP-N (Normal), EIGHTCHECK-3WP-L (Low level)
and EIGHTCHECK-3WPH (High level) are used. These are equivalent to Low, Normal and

High level.
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