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Abstract

Background: The physiology of a normal pregnancy involves major alterations in the
hematological parameters. However, hematological parameters reference intervals currently
being used in Ethiopia is derived from western populations, even though significant variations
are reported previously.

Objective: To determine hematological parameters reference intervals among apparently healthy
pregnant and non-pregnant women of South wollo zone, Amhara region, Northeast Ethiopia.
Method: A community based cross-sectional study was conducted among 600 pregnant and non-
pregnant women in South Wollo Zone, Amhara Region, Northeast Ethiopia from June to August
2019. Medical history, physical examination and laboratory screening were performed for each
study participant. Socio-demographic and other important data were collected using a structured
questionnaire. 4ml of Whole blood was collected and Mindary BC-3000 plus hematology
analyzer was used to measure hematological parameters following standard procedures. Data
were entered and analyzed using SPSS version 23. The mean, median, and 2.5M percentile and
97.5" reference intervals limits with 90% CI were determined for the hematological parameters.
P-value <0.05 was considered statistically significant.

Result: The established reference intervals (2.5th—97.5th percentile) for pregnant women were:
WBC: 4.0-13.2x10°/ul; Lymph %: 12.9-38.13 %; Gran %: 50.45-81.54 %; MID %: 4.24-11.64;
RBC: 3.45-4.67x10°/ul; Hgb: 10.1-13.67 g/dl; HCT: 33.49-46.52 %; MCV: 84.76-103.52 fl;
MCH: 27.5-33.0 pg; Platelet count: 131.7-373.15x10°/ul; MPV: 7.24- 10.16 fl. A statistical
significant difference between pregnant and non-pregnant was noted in all hematological
parameters except MCHC. The mean and median value of WBC count, absolute granulocyte
count and percentage, MCV, MPV and PDW increased, whereas mean values of HCT and

Platelet count decreased as gestational period advance.

Conclusion: The findings of this study indicated that pregnant women hematological parameters
reference intervals differ from other studies in Ethiopian and other countries pregnant women
reference intervals. Hence, this would signify the necessity for such determinations of local
reference intervals for different populations and the health facilities found in south wollo zone

should utilized the currently established reference intervals for pregnant women for better care.

Keywords: Reference interval, Hematological parameter, pregnant women, trimester, South

Wollo
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1. Introduction
1.1Background

Laboratory information assists health care professionals to make suitable evidence based
diagnostic and therapeutic judgment for their patient, and it produces a great impact on patient

management(1).

Hematological parameters are one of the most commonly requested laboratory tests. They offer
information about the production of all blood cells and detect the patient’s oxygen carrying
capacity through the assessment of red blood cell count (RBC), Hemoglobin (Hgb), Hematocrit
(HCT), mean cell volume (MCV), mean cell hemoglobin (MCH) and mean cell hemoglobin
concentration (MCHC). They also indicate about the immune system and white blood cell
disorders such as leukemia through the evaluation of the white blood cell count with differential.
These tests are valuable in diagnosing anemia, certain cancers, infection, acute hemorrhagic
states, allergies and immunodeficiency. Moreover, the tests are also important for monitoring of
side effects of certain drugs, response to treatment, and to determine the effects of chemotherapy

and radiation therapy on blood cell production and clinical trials including vaccines (2, 3, 4).

For accurate interpretation of hematological tests, one of the most critical elements is the
reference interval. It is the common clinical decision support tool. As laboratory results may be
interpreted by comparison with reference intervals (RIs), RIs should be established with greater

accuracy and quality (5,6,7).

Reference intervals are also named as reference value, reference range and biological reference
intervals (8, 9). Clinical laboratory standard institute (CLSI) defines Rls as the interval between,
and including, two reference limits designated as the interval of values from the lower reference
limit to the upper reference limit (10). The interval is specified in the distribution of values
obtained from population of healthy subjects as an interval corresponding to 95% of the

population, centered on the median (11).

The values of the hematological parameters can alter due to several pre-analytical, analytical,
pathological and physiological factors such as the technique and time of blood collection,
transport and storage of the specimens, posture, exercise and methodology and instrument used

to obtain the result. Likewise, inherent variable like age, sex, genetic background, environment
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(especially altitude), diet and even certain circumstances such as pregnancy affect RIs. Gender
differences in RI have been reported for many of the hematological parameters, and among

females differences by pregnancy status as well (8, 12, 13, 14).

Pregnancy is a state of carrying one or more developing embryo or fetus within the female
womb. It usually lasts about 40 weeks, or just over nine months, as measured from the date of
the women’s last menstrual period to delivery. It is conventionally divided in to three trimesters;
first trimester: week 1-week 12; second trimester: week 13 to week 28 week; third trimester: 29

week-40 weeks and above (15).

Normal pregnancy is accompanying with profound anatomical, physiological, biochemical and
endocrine changes that disturb various organs and systems. These modifications are
indispensable in serving women to familiarize the state of pregnancy and to assist nurturing and
subsistence of the fetus. The physiology of a normal pregnancy involves major alterations in the
hematological parameters and biochemical coagulation system. These changes appear to be
linked to the development of uteroplacental circulation and offer a protective mechanism in the

course of delivery (16, 17).

Hematological parameters manifest the adaptive changes that become important baseline
parameters to assess the forthcoming complications during pregnancy; it is considered as one of
the factors affecting pregnancy, and its outcome (18, 19). The most common hematological
changes perceived in normal pregnancies are physiological anemia, gestational

thrombocytopenia and leukocytosis (neutrophilia) (20).

Physiological anemia is the term often used to describe the drop in hemoglobin concentration,
HCT and RBC that happens during normal pregnancy due to independent and uneven variations
of plasmatic volume and corpuscular volume. Hgb varies with gestational age due to
hemodilution and the corresponding compensatory mechanisms. The high Hgb levels in the
1*trimester are reduced by hemodilution in the second trimester while compensatory
mechanisms (maternal plasma volume reduction and increased atrial-natriuretic peptides) raise

Hgb in the last trimester. Comparable trends are seen in RBC count and HCT (20, 21).
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Gestational thrombocytopenia is encountered in 7-8% of all pregnancies. Platelet (PLT) counts
are somewhat lower during pregnancy and with gestational age due to enhanced destruction of
PLT leading to younger and larger PLT. Most thrombocytopenia in pregnancy is due to
increased destruction of PLT (the Pathophysiological process is not known but is thought to
represent an acceleration of platelet consumption via an exaggeration of the physiological
process across the placenta, or possibly via a mild immune process). Hemodilution as well

contribute to gestational platelet reduction (22, 23).

The other noticeable change in the hematological parameters during pregnancy is leukocytosis,
which is due to physiological stress, predominantly related to increased circulation of
neutrophils. These elevations arise early in pregnancy and remain elevated throughout pregnancy

(16, 24).

Maternal hematological parameters may decide both the outcome of pregnancy and the
hematological parameters of the newborn because pregnancy put extreme stress on the
hematological system. Therefore, it is necessary to cognize the physiological changes observed
in normal pregnant women during the establishment of RI in order to interpret hematological test

result correctly (19, 23, 25).
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1.2 Statement of the problem

Maternal mortality and morbidity continue to be a substantial problem in low-income countries,
in spite of a worldwide focus on the need to improve maternal health (26). One of the utmost
underlying causes of maternal mortality is hematological complications like anemia and
thrombocytopenia (21, 27, 28). This complications and physiological changes observed in
pregnant women need accurate and reliable hematological tests with appropriate Rls. Because it
has a critical role in basic management of care, detection of disease earlier, helping of medical
providers to make diagnoses, prescribing therapies, monitoring and detection of a medical
condition, and recruitment of pregnant women in clinical trial for proper interpretation and

decision-making (29, 30, 31).

These measured parameters Rls are influenced not only by individual’s factors such as age, sex,
life style, trimester etc. but they vary by population and ecological factors such as ethnic
background, climate, and altitude as well. They also differ between populations (8, 10, 14).
Because of these factors, each laboratory must establish its particular reference intervals based
on its instrumentation, methodology and demographics of the population it serves (32). Several
studies in different part of the world revealed that there was a variation of hematological
parameter reference intervals within and/or between individuals and populations (31, 33, 34, 35,

36, 37, 38).

Furthermore, a study conducted in west Kenya showed that there was 96.3%, 10.6% prevalence
of out of range of hemoglobin values when using the new hemoglobin reference intervals of west
Kenya pregnant women with using United state and West Kenya non-pregnant reference values,
respectively (39). The highest misclassification of pregnant women occurred in WBC count
(49.3%), HCT (53.0%) and Hgb (32.4%) when using adult females Rls , as also demonstrated in
biochemical, haemostatic and hematological reference interval study, that can lead to
unnecessary and potentially dangerous therapeutic actions without determining the real cause of
the abnormality. It also increases the risk of overlooking important physiologic alterations
resulting from pathological conditions and of misinterpreting normal changes as pathological

events (40).
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Even if there is a common pregnancy-induced laboratories abnormality (anemia and
thrombocytopenia) and significant variations are well documented, very few laboratories
routinely provide normal values for pregnant women (41, 42). Indeed, many laboratories in
Ethiopia do not use locally derived RlIs rather they have been using Rls established from non-
Ethiopian participants, mostly from western countries and available in textbooks, inserted leaflet
or manufacturer manual) population (42). Failure to use their own locally derived reference
intervals leads to misinterpretation of the laboratory test results, incorrect clinical care for the
peoples, unnecessary exclusion of eligible participants and over reporting of adverse events in

clinical trials (8, 43,44).

However, currently in the present study area there was no any published research on the
determination of hematological parameters among apparently healthy pregnant and non-pregnant

women of south wollo zone, Amhara region, Northeast Ethiopia.

Thus, the aim of this research was to establish locally derived hematological parameters Rls for
apparently healthy pregnant and non-pregnant women that would be utilized in south wollo zone,

Ambhara region, Northeast Ethiopia.
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1.3 Significance of the study

The finding of this study will benefit the community of pregnant and non-pregnant women by
increasing the accuracy of disease diagnosis that may potentially improve the quality of clinical

care and lowering health care cost.

This paper also benefits physician and other health professional to interpret a set of test results
for pregnant and non-pregnant women by using this reference interval as a base for comparison
and better defining of hematological abnormalities. In addition, it helps to assess patient response

to treatment and prescribing drugs more selectively.

The finding of this study will worth researcher to interpret their clinical research findings,
selection of eligible participants and identification of adverse events in clinical trials (Vaccine
development) related to pregnant and non-pregnant women. Besides, it will be helpful for other
researchers who will be interested in doing similar work in other part of the countries by serving

as reference material.
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2. Literature review

Several studies have demonstrated differences between women and men particularly for red cell
counts and their derivatives where women have lower RBC, Hgb and HCT (8, 34, 35, 38).
Moreover, because of pregnancy places intense stress on the hematological system, several
quantitative hematological changes happen including blood cell counts (RBC, WBC and PLT),
HGB level, and HCT, RBC and PLT indices (Mean platelet volume (MPV), platelet distribution
width (PDW) and Plateletcrit (PCT)). Therefore, awarance of physiological changes is required
while interpreting test results (18, 19).

Ethnic based difference among pregnant women of Caucasian and non-Caucasian were observed
for various hematologic parameter in a retrospective review of a large maternal database, study
conducted in Pennsylvania. The study illustrated significantly higher values for Hgb
concentration among Caucasian than non-Caucasian from the 27 weeks gestation until delivery.
At different gestational age, significantly lower for parameters for HCT, MCV, MCH, and
MCHC among non-Caucasians than Caucasians but only RDW-CV was higher among non-

Caucasians than Caucasians in the study (45).

A reference interval study conducted in Chinese population among normal pregnant women in
early and late pregnancy indicated that there is a significant increase in WBC, MPV and decrease
in RBC, Hgb and PLT counts RIs during late pregnancy. Moreover, pregnant women in the
1*trimester had lower medians and reference intervals for WBC, MCV, RDW and MPV and
higher medians and reference intervals for RBC, Hgb, HCT, PLT and PCT than pregnant women
in the third trimester (P<0.05) (40). A similar study done by Abbassi-Ghanavati et al
demonstrated a difference in established hematological parameter reference interval in the 1% and
3" trimester of pregnant women. The greatest misclassification was observed for WBC and
HCT, which resulted in the exclusion of more than half of participants in the third trimester
while using Abbassi-Ghanavati et al Rls. This RIs study did not include 2" trimester and it
recommend that the RIs for most blood parameters be revised to account for the gestational

period (40).

Reference intervals determined by parametric method in a prospective, sequential and

longitudinal study done in normal pregnancy in Chinese women showed that the Hgb
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concentration was higher in the 1% trimester, reached its lower point in the 2" trimester and
began to rise again in the 3" trimester. In contrary, WBC count had the lowest value in the 1%,
rose to its highest value in the 2" trimester and then start to decline in the 3™ trimester. MCHC
and platelet count decreased but MCH and MCV remained relatively constant throughout
pregnancy. The study also indicated that the lower reference value for Hgb and platelet count

during pregnancy were different from those of white and black women (46).

A study conducted in Beijing on establishing reference intervals for complete blood count
parameters in normal pregnant women revealed that there was a dynamic change during
trimesters. RBC, HCT, Hgb declined at 1** trimester, reaching their lowest point at 2" trimester,
and began to rise again at 3"trimester. WBC, Gran#, RDW-CV and PDW went up from trimester
1 to trimester 3. On contrary, MCHC, Lymph#, PLT and MPV gradually descended during
pregnancy. There were statistically significant differences in all hematological parameters

between pregnant women and non-pregnant women, regardless of the trimesters (47).

A comparative cross sectional study conducted in India with a study population comprised of
400 normal pregnant women and 400 healthy non-pregnant women (control group). The study
showed that there was a statistical significance difference between pregnant and non-pregnant
women in WBC, Lymph%, Gran%, RBC, Hgb, HCT, MCV, MCH, MCHC and PLT count. The
mean values of the above parameters were 9.881 x10°/ul, 21.62%, 73.06%, 4.23 x10%ul, 10.27
g/dl, 32.52 %, 77.33 fl, 25.26 pg, 32.6 g/dl and 199x10°/ul respectively for pregnant women,
whereas, 8.729 x10°/ul, 27.54 %, 64.86 %, 4.29 x10°ul, 12.64 g/dl, 34.6 %, 76.78 fl, 26.99 pg,
34.24 g/dl and 293 x10°/ul respectively for non-pregnant women. Gran% were significantly
increased in pregnant women compared to non-pregnant women and Platelet count was

significantly decreased in pregnant women compared to non-pregnant women (22).

A large cross sectional study done in Northwest Morocco among healthy population of pregnant
women noted that there was a statistically significant difference between pregnant women and
non-pregnant women in all hematological parameters. The mean value of WBC, Lymph#, RBC,
Hgb, HCT, MCV, MCH, MCHC, Platelet count and MPV were 8.18x10°/ul, 2.17x10%/ul,
4.07x10°%ul,11.80 g/dl, 34.73%, 85.28 fl, 29.05 pg, 34.05 g/dl, 234.89x10°/ul and 10.89 fl
respectively for pregnant women. Whereas, 7.12x10°/ul, 2.33x10*/ul, 4.51x10%ul, 13.01 g/dl,
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38.61%, 85.82 fl, 28.93 pg, 33.69 g/dl, 243.50x10°/ul and 11.20 fl respectively for non-pregnant
women. The mean values of RBC, Hgb, HCT, MCV, PLT count and MPV were higher in
pregnant women than in non-pregnant women. Whereas, MCH, MCHC, WBC count and Gran#
were higher in non-pregnant women than pregnant women. In comparison of the average
established reference intervals between the 1%, 2™ and 3™ trimester of pregnancy, the existence
of a significant variation was noted with regard to all the parameters of the hematological
parameters. The mean value of the RBC, Hgb, HCT and MCHC showed a progressive decrease
whereas total number of WBC and Gran# showed a progressive increase with gestational age,

particularly in the 3" trimester of pregnancy (37).

A cross sectional survey was carried out to evaluate the values of hematological parameters in
non-pregnant women and pregnant women at different trimesters of pregnancy who attended
antenatal care at sabratha teaching hospital, Northwest, Libya. The study revealed that there was
a statistical significant difference between pregnant and non-pregnant women in the values of
WBC, Gran%, Hgb, HCT, MCH and platelet count. The mean values of WBC, MCV and MCH
were high during 1 trimester, then decline in the 2™ trimester and increased in the 3™ trimester.
Whereas, RBC and MCHC declined in the 1% trimester, then increased in the 2" trimester and
finally decreased in the 3 trimester of pregnancy. A progressive decline observed in the mean
value of Hgb, HCT, Lymph % and MID% as the gestational period progressed from 1* to 31
trimester, but Gran% increased as gestational period progress. The study concluded a significant
change in the Hematological parameters at different trimesters of pregnancy in pregnant women.

Therefore, it is essential to monitor and manage these parameters during pregnancy (48).

A cross sectional study conducted in Nigeria, among productive age group of pregnant and non-
pregnant study participants found that the normal hematological parameters of pregnant women
by gestational age for Hgb concentration decreases when the gestational age of study participants
increase from 11.68-12.25 g/dl to 10.89-11.14 g/dl then 10.80-11.07 g/dl duringl®, 2™ then 3™
trimesters, respectively. The PLT count decreased from 241.27-285.49x10°/ul; 229.91-
251.38x10°/ul and 182.33-202.13x10*/ul during the 1%, 2™ and 3™ trimester of pregnancy,
respectively. According to the study, WBC count increases from 5.82-6.73x10*/ul to 6.30-
6.85x10%/ul then 6.73-7.22x10%/ul as the gestational age increases from 1% to 2" and 3"trimester

respectively but the Gran# were largely increased as the gestational age increases (49). In
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contrary, a crossectional study conducted in sudanese healthy pregnant women showed that there
was no satistically significant difference in RBC, HGB and platelet count between pregnanat

women in the three different trimesters (17).

A study done in Nigeria on 40 pregnant women and 40 non-pregnant women with average age of
27.3 years ranging from 19-34 years showed a statistical significant changes between pregnant
and non-pregnant women in the values of Gran%, Lymph%, RBC, HCT, MCV, MCH and PLT.
The mean values of WBC, Lymph%, Gran%, RBC, Hgb, HCT, MCV, MCH, MCHC, PLT count
and MPV were 6.1x10°/ul, 30.2%,62.6%, 3.45x10°%l, 12.8 g/dl, 34.1 %, 95.6 fl, 34.7 pg, 36.2
g/dl1,122x10°/ul and 6.3 fl respectively for pregnant women, whereas, 4.2x10°/ul, 49.1 %, 47.3
%, 5.2x106/u1, 13.3 g/dl, 39.2 %, 102.2 {1, 36.4 pg, 37.8 g/dl, 198.5x10°/ul and 7.2 1 respectively
for non-pregnant women. There were significant changes between the trimesters in most of the
parameters showing carefulness with pregnant women at any stage of the pregnancy. This study

have been used a smaller sample size (50).

A cross sectional study involving pregnant women was conducted from the month of May to
August in Central Uganda. The study found that RBCs and Hgb concentration gradually decrease
during the 1% two trimesters, but showed a slight increase in the 3" trimester. There was no
significant change in MCV. The total WBC count did not show a statistical change from 1*' to
the 2™ trimesters, while there was a statistical rise during the 3" trimester. The PLT count
decreased during the 1% to the 3™ trimesters. The mean cell counts for the 1%, 2" and 3™
trimesters were: WBCs count: 6.66x103/u1, 6.72x10°/ul and 7.0x103/u1; Gran#: 4.19x103/u1,
4.36x10°/ul and 4.19x10°/ul; RBCs count: 4.55x10%ul, 4.22x10°ul and 4.31x10%ul; and PLT
count were 209.81x10%/ul, 185x10°/ul and 174.71x10°/ul, respectively. The mean values of
Hgb concentration varied across the three trimesters as; 12.46 g/dl, 11.50 g/dl and 11.75 g/dl,
respectively. The RBC indices of MCV (fl) and MCH (pg) showed a decrease for the different
trimesters as: 90.95, 90.40 and 89.56; and 27.48, 27.40 and 26.38, respectively. The MCHC
(g/dl) showed an increase in the second trimester, and the mean values for the first, second and
third trimesters were; 30.22, 30.31and 30.15, respectively. The MPV (fl) decreased in the second
trimester, and the mean values for the different gestation stages were 7.04, 7.03 and 7.09,

respectively (51)
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According to a longitudinal cohort sub-study of 120 clinically healthy, HIV-uninfected, self-
selected pregnant women seeking antenatal care services at either of two public hospital in
western Kenya some hematological parameters, including Hgb and Gran# showed significant
variations compared to RIs for non-pregnant women. This study recommend the need to have
locally established RIs for this population because use of united state or other western countries
RIs markedly increase likelihood of out of range values. However, this study had a limitation of;
it did not include a concurrent sample of non-pregnant women from the sample reference

population and unable to include first trimester pregnant women (39, 52).

A study investigating Hematological parameters of Sudanese pregnant women attending at
Omdurman Al Saudi Maternity Hospital indicated that there was a statistical significant
difference between pregnant and non-pregnant women in some the hematological parameters.
The mean values of WBC, RBC, Hgb, HCT, MCV, MCH, MCHC and PLT count were
8.3x10°/ul,3.7x10°%ul, 9.0 g/dl, 27.7 %, 73.8 fl, 24.4 pg, 33.0 g/dl and 260x10°/ul respectively for
pregnant women. Whereas, the respective values for non-pregnant women were
7.5x10°/ul,4.2x10%ul, 12.0 g/dl, 35.0 %, 83.5 fl, 28.6 pg, 34.1 g/dl and 260x10*/ul. The study
revealed that there were significant decreased in RBCs count, Hgb and HCT of pregnant women
compared to non-pregnant women and significant decreased in MCV, MCH and MCHC of
pregnant women. In contrast, PLT count in pregnant women significantly lower than the non-

pregnant women (53).

Changes related to trimester pattern and reference ranges of hematological profile among
Sudanese women with normal pregnancy were noted. Accordingly, the mean values of WBC,
Gran#, MID#, RBC, MCH, and MCHC were lower in the 1%, then start to increase in 2" and
finally decrease in the 3" trimester of pregnancy. The respective values were as follows: WBC
count (7.69 x10°/ul, 8.45 x10°*/ul and 8.36 x10°/ul),Gran# (6.54 x10°/ul, 7.07 x10°/ul and 5.89
x10°/ul), MID# (0.58 x10°/ul, 0.65 x10°/ul and 0.61 x10*/ul), RBC counts (4.30 x10°/ul, 4.35
x10%ul and 4.08 x10%ul), MCH (25.16 pg, 26.68 pg and 26.57 pg) and MCHC ( 30.45 g/dl,
30.80 g/dl and 30.73 g/dl). But the reverse was true for MPV (8.13 fl, 8.10 fl and 8.19 fI) and
HCT (35.38 %, 34.43% and 35.17%). The mean values of MCV (82.68 fl, 85.16 fl and 86.40 f1)
and PDW (15.57, 15.68 and 16.90) increase steadily throughout pregnancy while Lymph #
(2.20x10%/ul, 1.98x10°/ul and 1.87x10°/ul) and PLT count (278.02x10%/ul, 251.96 x10°/ul and
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238.36x10°/ul) decrease as pregnancy advance. The study also indicated that trimester based
reference ranges of RBC, WBC and PLT counts and other hematological indices were mostly

parallel to international records (54).

There are limited published studies involving both pregnant and non-pregnant women in the
same study in Ethiopia. For example, a cross sectional study conducted in Gondar for developing
reference intervals among Human immunodeficiency virus (HIV)-sero negative pregnant women
found that platelet count and HCT values were changed as pregnancy advances. There was no
statistically significant difference in PLT count, RBC count, Hgb level, MCV, MCH, and MCHC
of the pregnant women with their gestation age. With respect to HCT values, a statistically
significant difference was observed between different trimesters, with the lowest value observed
among the women in the 1% trimester of pregnancy. The mean values of WBC (9.46x10°/ul,
9.29x10%/ul and 9.10x10°/ul) and PLT count (243.87 x10°/ul, 230.78 x10*/ul and 223.78 x10*/ul)
decrease as gestational period move from 1% to 3 trimester. Whereas, mean value of Hgb (12.94
g/dl, 13.07 g/dl and 13.38 g/dl) , HCT (39.18%, 40.53% and 41.96%) and MCV (93.18 {1, 94.19
fl and 94.23 fl) increased as gestational period advances (42).

Institution based cross sectional study carried out at St. Paul’s Hospital Millennium Medical
college, Addis Ababa with a total of 400 pregnant women to establish immunohematological
reference range found that a slight increments in the mean value of WBC and MCV, where as a
gradual decrement in platelet count. The mean values of Gran%, Lymph%, MID% and HCT
were high in the 1%, then lower in the 2" and increased in 3" trimester. RBC, Hgb, MCH and
MCHC showed almost constant values (55).

Page | 12



3. Objectives

3.1 General objective

%

To determine hematological parameters RIs among apparently healthy pregnant and non-
pregnant women of south wollo zone, Amhara region, Northeast Ethiopia from June to

August, 2019.

3.2 Specific objectives

+

To establish hematological parameters Rls for apparently healthy pregnant women of South
Wollo zone, Amhara region, Northeast Ethiopia from June to August,2019.

To establish hematological parameters Rls for apparently healthy non-pregnant women of
South Wollo zone, Amhara region, Northeast Ethiopia from June to August, 2019.

To analyze trimester related differences of hematological parameters among apparently
healthy pregnant women of South Wollo zone, Amhara region, Northeast Ethiopia from
June to August, 2019.

To determine the proportion of out of range (OOR) values based on the currently available

RIs provided by the company.

4. Hypothesis Testing

1.

Ho: All hematological parameter Rls is the same across categories of pregnant and non-
pregnant women.
Ho: All hematological parameters are the same across categories of trimester of pregnancy

(first, second and third).
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5. Materials and Methods
5.1 Study Area

The study was conducted in South Wollo zone among pregnant and non-pregnant women with
reproductive age (15-49). South Wollo Zone is one of the 11 zones of the Amhara region
subdivided administratively in to 20 Woredas (18 rural Woredas and 2-administrative Town).The
capital of the zone is Dessie Town, which is situated 400 km and 480km away from the National
and regional capitals Addis Ababa and Bahirdar, respectively. South Wollo is bordered on the
South by North Shewa and Oromia Region, on the West by West Gojjam, on the Northwest
by South Gondar, on the North by North Wollo, on the Northeast by Afar Region, and on the
East by the Oromia special zone and the Argobba special woreda. Its highest point is Mount

Amba Ferit.

According to the national population and housing census of Ethiopia, the projected population
of the zone for 2017 was estimated to be 3,087,132 (525,771 in urban and 2,561,373 in rural).
The largest ethnic group reported in South Wollo was the Amhara (94.33%); all other ethnic
groups made up 5.67% of the population (56).

South wollo geographically located between latitudes from 10°10° N to 38° 28'E longitudes and
has a total landmass of 17730.823 km. Dessie, Kombolcha, Kalu and Kutaber were the selected
study sites in south wollo zone. The total population of Dessie, Kombolcha, Kalu and Kutaber
projected for 2016 were estimated to be 233,927 (Male=115,667 and Female=118,304), 127,499
(Male=63,897 and Female=63,602), 223,013 (Male=112,618 and Female= 110,395) and 111,639
(Male=55,191 and Female=56,448), respectively (56). Moreover, the altitude of Dessie,
Kombolcha, Kalu and Kutaber were ranging from 2,450-2,550 meters, 1842-1915 meters, 800-
1750 meters and 800-3200 meters above sea level, respectively (57).
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Figure 1: Map of the study area, South Wollo zone, Amhara region, Northeast Ethiopia
from June to August, 2019.

5.2 Study Design and Period

A community based cross sectional study was conducted from June 2019 to August 2019 in

South Wollo zone, Amhara region, Northeast Ethiopia.
5.3 Population

5.3.1 Source Population
All pregnant and non-pregnant women who are living in South Wollo zone, Amhara region,

Ethiopia, were the source population.

5.3.2 Study Population

The study population were apparently healthy pregnant and non-pregnant women with a
reproductive age group (15 — 49) who are living in South Wollo zone during the study period and
fulfilling the eligibility criteria.

5.4 Inclusion and Exclusion criteria

5.4.1 Inclusion criteria
Apparently healthy pregnant and non-pregnant women with reproductive age group whom they

lived at least for five years in the study area were included. Moreover, willingness of individuals
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demonstrated by completion and signing/Thumb printing of the consent form and willingness to

provide the sample required.

5.4.2 Exclusion criteria

Individuals were excluded before data collection. Moreover, exclusion was made during the data

analysis stage based on questionnaire and screening of viral and parasitic infections.

Accordingly, participants were excluded from the study if one of the following criteria is

fulfilled:

v

<

<

Individuals with history of diabetes mellitus, hypertension, Kidney disease and history of
chronic disease in the family, blood transfusion for the last one year, blood donation in the
last three month, hospital admission for the last 1 year, hospital surgical procedure for the
last three years, chronic gastritis, malaria for the last 6 month, tuberculosis for the last two
years, cancer, cardiac illness, bleeding disorder, allergy, wheezing, liver disease and thyroid
disease.

Individuals who had febrile symptoms, observable mental illness and high blood pressure (>
140 mmHg for diastolic blood pressure and > 90 mmHg for systolic blood pressure).
Individuals taking pharmacologically active substances: all prescription drugs (except
iron/folic acid for pregnant women since it is routinely given), and had frequent habit of
smoking, chewing Khat and alcohol consumption.

Pregnant women who had active bleeding and obstetrics complications

Subjects performing exercise/physical training prior to blood collection.

Obese individuals (Body mass index greater than or equal to 30 kg/m? according to CDC
recommendation (58)).

Subjects positive for human immunodeficiency virus (HIV) antigen (Ag) and antibody (Ab),
Hepatitis B surface antigen (HBsAg), Hepatitis ¢ virus (HCV), Treponemal (TP) Ab, C-
reactive protein (CRP), hemoparasite and intestinal parasite infection like Hookworm.
Individuals with frequent exposure for hazardous chemical like gas station and factory
workers.

Participants with poor quality of Blood specimens ( Hemolyed, Lipemic and Clotted)
Malnourished and dehydrated individuals

In addition, for non-pregnant women, those who were menstruating during data collection

and breast-feeding, women taking oral contraceptive were excluded.
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5.5 Study variables
5.5.1 Dependent variables

o Common hematological parameters Rls

5.5.2 Independent Variables

o Sociodemographic characteristics, Trimester, pregnancy status ( pregnant and non

pregnant) and altitude
5.6 Measurement and Data collection

5.6.1 Sample size determination

According to IFCC and CLSI (2000) guideline recommendations, a minimum sample size of 120
observations were needed for determination of reference intervals by using non-parametric
method analysis with a power of 90% (10). The research intended to determine the pregnant and
non-pregnant women RIs, it needs three partitions (Subjects were divided in to three pregnancy
groups, depending on the duration of pregnancy in to the first, second, and third trimester of
pregnancy). Furthermore, non-pregnant woman included as a separate partition. Therefore, four

partition groups were needed (4x120= 480).

According to previous study conducted in western Kenya to establish reference intervals during
normal pregnancy through postpartum, about 20% (30 study subjects exclude from 150 enrolled
study participants) of study subjects (39) were not qualifying for the final reference interval
determination due to various reasons like HIV infection etc. Considering a 20% exclusion or
dropout from data analysis, to reach the CLSI recommended total sample size of 480 for the

reference interval determination, the sample size was corrected as follows:
Corrected sample size= Original sample size*(1/ (1-exclusion rate)) (59)
=480*(1/ (1-0.20))

=480*(1/0.8) = 600
The total sample sizes that were enrolled in the study were 600 and 150 for each partitions or
subgroups were used.
Note: Sample size was allocated proportionally to the total population for selected woredas in

eachpartition.
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Table 1: Study participants sample size allocation with the respected woredas in each partition, South Wollo zone, Amhara
region, Northeast Ethiopia from June to August, 2012.

s/no | Woreda Total No. of Expected No.of Number of sample size allocated Remark
population number of reproductive I ond 31 Non-pregnant
pregnant age women trimester | trimester | trimester
01 Dessie 233,971 9,359 54,474 50 50 50 54
02 Kombolcha | 127,499 5,100 25,500 28 28 28 25
03 Kalu 223,013 8,921 49,063 48 48 48 49
04 Kutaber 111,639 4,466 22,328 24 24 24 22
Total 27,846 151,365 150 150 150 150
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Note: Conversion factor for number of expected pregnancy and reproductive age group in the given population, 4% and 22%
conversion factor was used to know the number of expected pregnancy and reproductive age group in the given population,

respectively (60). The sample size was calculated and allocated using the following formula.

Number of sample size allocated for each woreda (for pregnant) = (Total number of sample size required for each partition +

Total number of expected pregnancy in the selected woredas) X number of expected pregnancy in specific woreda.
Example: Number of sample size allocated for Dessie ( for pregnant)= (150 X 9359)+ 27846= 50

Number of sample size required for each woreda (for non-pregnant) = (Total number of sample size required for non-pregnant
women partition ~Total number of reproductive age group in the selected woredas) X number of expected pregnancy in the specific

woreda.

Example: Number of sample size allocated for Dessie ( for non-pregnant)= (150 X 54,474)+ 151,365= 54
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5.6.2 Sampling Method and Techniques

First, by considering altitude (lowland and highland) and residence (urban and rural) difference,
four woredas were selected purposively from the study area: Dessie Town (Highland and Urban),
Kombolcha Town (Lowland and Urban), Kalu woreda (Lowland and Rural) and Kutaber woreda

(Highland and Rural) from the twenty woredas of south wollo zone.

Secondly, the determined sample size was allocated for each selected woredas per partition
proportional to their population size. Thirdly, four kebels from Dessie, four kebels from
Kombolcha, and two kebeles from Kalu and two kebels from Kutaber were identified
conveniently as long as study area was ease to reach and suitable for biological sample
transportation. Finally, the reference individuals were recruited by convenient sampling
techniques from each selected kebels with the respected partition (first, second and third
trimester pregnant women, and non-pregnant women) until the required sample size is attained.
While recruiting study subjects, one individual per household per partition was included in the

study.

Those selected conveniently were invited to a central location to undertake individual
consenting/assenting, demographic and other information, medical history, physical examination,

blood sample, urine sample and stool sample collections.

During the selection of reference sample group from the reference population, exclusion takes
place until the RIs were established (Before sampling and analyte testing, after sampling and

analyte testing, and during data analysis).
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Figure 2: Schematic diagram of sampling procedure in the South Wollo zone, Amhara

region, Northeast Ethiopia, 2019.

5.7 Measurement and Data collection
5.7.1 Data collection procedure

Individuals, who were recruited by health extension workers (all potential participants pregnant
and non-pregnant women of reproductive age group feeling subjectively well) from the
community in the selected kebeles, came to the central data collection center (health center) and

contact the data collectors. Initially, the study participants were agreed to give written consent
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and assent (signing or thumb printing) (see annex-III, IV, VII, VIII, XI and XII) after being
informed about the purpose of the study and associated risks. Secondly, participants underwent
physical examination (measuring height, weight, blood pressure and body temperature.) by
experienced clinician. Thirdly, socio-demographic, clinical data and other important information
for the study was collected using pre-tested interviewer guided structured questionnaire (see
annex-XIII and XIV) adopted from CLSI guideline and other related literatures. Finally, eligible
participants provided biological specimens like blood, urine and stool specimen for screening of
intestinal parasitosis, HIV, HBsAg (Hepatitis B surface antigen), anti-HCV( Hepatitis C virus),
pregnancy, and measurement of hematological parameters and others pathological analysis were
carried out by experienced laboratory professionals following standard operating procedures

(SOPs).
5.7.2 Laboratory Analysis
5.7.2.1 Specimen collection, handling, transportation and storage and processing

After completion of the interview, 4 ml of venous blood had been taken by an experienced
laboratory technologist from each study participant in Ethylenediamine tetra acetic acid (EDTA)
Vacutainer tubes (Becton-Dickinson, Franklin Lakes, New Jersey, USA) in the morning between
8.00 am and 11.00 am for hematological and serological tests. Moreover, a peripheral blood film
was prepared in order to detect morphological abnormalities of blood cell and detection of
hemoparasite. Venous blood specimens were collected, mixed thoroughly by gently inverting
eight times to ensure mixing with EDTA anticoagulant to prevent clotting. The test tube was
appropriately labelled (with a unique identification number starting from 001-600 and site
name), placed in vaccine carrier and transported to Dessie health center laboratory at room
temperature within 3 hours of collection for analysis. To minimize diurnal variation, specimens

were drawn in the morning and processed within 8 hour of collection.

Stool specimens were collected with a clean, wide mouthed container for the detection and
identification of intestinal parasites. Once the specimen was collected, immediately direct stool
examination was done at the collection site. All enrolled participants provided about 15ml of
urine specimen with a clean and screw-capped container for urine pregnancy test, and processed

immediately.
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All the above specimen collection and processing procedures adhered to good clinical laboratory

practices and follow established standard operating procedures(SOP)[see annex-XV].
5.7.2.2 HIV, Syphilis, Hepatitis B and Hepatitis C screening

By using plasma specimen infectious disease screening was performed for HIV-I and II (HIV 1/2
STAT-PAK: Chembio Diagnostic sysstems, INC.Medford, New York, USA; SD BIOLINE HIV
1/2 3.0: SD standard diagnostics, INC. Republic of Korea; ABON HIV 1/2/0 tri-line: Abon
Biopharma Co., Ltd. Hangzhou, China.) , HBsAg (ACON Biotech, INC, Co., Ltd. Hangzhou,
China), HCV (ACON Biotech, INC, Co., Ltd. Hangzhou, China) and Syphilis (ACON Biotech,
INC, Co., Ltd. Hangzhou, China) by rapid test Kits at Kombolcha 03 health center. Its detailed
principle, procedure and safety issues were stated in the SOP.[See annexX VI, XVII, XVIII, IXX,
XX, XXI].

5.7.2.3 Urine for Pregnancy testing

HCG tests for pregnancy were performed for all female age group between 15 and 49 study
participants by using Laboquick pregnancy test strip (Labex Engineering, Ltd, Bulgaria). This
test used for qualitative determination of HCG in urine specimens for early detection of

pregnancy. Its SOP is found in the annex-XXII.
5.7.2.4 Stool examination

At the collection site direct stool examination was performed by taking specimen from the
container and mixing with one drop saline then examine by low and high power objective
microscope to detect and identify intestinal parasites. These laboratory procedures adhere to

good clinical laboratory practice and follow established SOP. [See annex-XXIII]

5.7.2.5 Blood film examination

From the whole blood specimen, thick and thin smear was prepared and stained with Giemsa,
and examined microscopically for hemoparasite and blood cell abnormalities. Brief description

of the principle, procedure and interpretation and reporting of the results were stated in the SOP

[See annex- XXIV]
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5.7.2.6 Hematological parameter analysis

Hematological parameters were measured by Mindray BC-3000 plus, an automated 3-part
differential hematology analyzer (Mindray Corporation, Kobe, china), that able to perform 19
parameters at a time(WBC, Lymph#, Mid#, Gran#, Lymph%, Mid%, Gran%, RBC, Hgb, HCT,
MCV, MCH, MCHC, RDW-CV, RDW-SD, PLT, MPV, PDW, PC and 3 histogram (WBC,
RBC, PLT). Mindray BC-3000 plus hematology analyzer operates whole blood mode for venous
blood, and pre-diluted mode for capillary blood.

The machine utilized two basic principles for measurement of the parameter: the impedance
method for determining the WBC, RBC, and PLT data and the colorimetric method for
determining the Hgb.

WBC, RBC and PLT were counted and sorted by the electrical impedance method, which were
based on the measurement of changes in electrical impedance produced by a particle passing

through an aperture.

The Hgb is determined by the colorimetric method in which the lyse reagent releases Hgb when
RBC is broken down and react with Hgb to generate a mixture for Hgb measurement. The
WBC/Hgb dilution was delivered to the WBC bath where it is bubble mixed with a certain
amount of lyse, which converts hemoglobin to a hemoglobin complex that is measurable at 525

nm. The value of Hgb expressed in g/dl.

The machine automatically dilutes a whole-blood sample, lyses and counts the cells, and then

gives a printout result.

Standardization of the instrument and processing of the specimens were done according to the
manufacturer's instructions (61). Detail explanation of the analysis is well stated in the SOP

annex-XXV.
5.7.2.7 C-reactive protein test

A rapid AVITEX CRP (Omega diagnostics LTD, Scotland, USA) latex agglutination test kits
were used for the detection of CRP in the human serum or plasma. (See annex-XXVI for detail

information).
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5.8 Data quality assurance
5.8.1 Data collection tool quality assurance

For ensuring the quality of data, the questionnaire was translated to Amharic and checked for its
consistency through back translation to English by different individuals, and it was tested on 5%
of the total sample in a non-study area before the actual data collection processes begin. Based
on the feedback, amendment was done to ensure accuracy and consistency. One-health officer
and one laboratory technologist was assigned at each collection site as a data collector, and one-
health extension worker nominated for mobilization of the study participants in the community
together with the principal investigator. Two day training was provided for the data collectors
and community mobilizers about the objective of the study, study participants’ rights,
confidentiality of patient information, procedure of physical examination, procedure of specimen
collection and measurements, and how to approach and interview participants before the actual
data collection by the principal investigator and experienced clinician. Furthermore, the principal
investigator (PI) gave feedback and correction on daily basis for the data collectors. Before they
were re-deployed to the field, completeness, accuracy, and clarity of the collected data was
checked carefully. Any error, ambiguity and incompleteness encountered were addressed on the
following day before starting the next day activities. Each data in the hardcopy transferred into a

structured database and statistical software.
5.8.2 Laboratory quality assurance
Pre-analytical quality assurance

It is all of the steps required to deliver the analyte from the sampled environment or patient to the
analytical assay. A protocol for sample collection, processing, transportation and storage was
strictly followed to have safe procedures and reliable specimens.

Every specimen and questionnaire were assessed for their acceptability and rejection criteria
prior to analysis. The rejection criteria were inappropriate sample quality (Hemolyzed, leaked
tube, clotted), inadequate or overfilled sample volume, inappropriate sample transportation
(delay time and incorrect temperature), incorrect labelling (mislabelled, miss matched with the
questionnaire code), collection of specimen in wrong tube and incomplete questionnaires. About
0.01 % of the study participant’s specimens were rejected due to hemolysis and clotting of

sample.
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Analytical quality assurance

The performance of the instrument and reagents was controlled by running quality control prior
to the start of the test. During analysis, quality control protocols were followed. As an internal
Quality assurance, commercial or in-house quality control specimens were run daily and in every
batch. For hematology tests, the three levels of commercial controls by Mindray BC-3000 plus
hematology cell controls (Low, Normal and High) were run daily after mixing well by inverting
8-10 times. Test specimens were run if and only if quality control specimens were within range
or pass. For blood film examination, known positive and negative slides were performed before

the actual test done.
Post analytical quality assurance

Cross checking of the proper verification, recording and entering the result in laboratory result
form and in the software was carried out. In addition, inspections of the test result whether it
attached appropriately with the respected study participant questionnaire/request form or not was

made. Leftover specimens were stored for further analysis.
5.9 Data analysis, Interpretation and Presentation

Once the data recorded on questionnaire were cleaned, edited and checked for completeness, it
was entered into Statistical package for social science version 23(SPSS version 23.0, SPSS Inc.
Chicago, IL, USA) for statistical analysis. The data was tested for normality of its distribution by
Kolmogorov-Sminro test. The qualitative variables were expressed in frequency and percentages
in tables, while quantitative variables were expressed by mean, median and percentiles 2.5" and

97.5%,

To identify outliers within each subgroup and parameters Dixon and Reed method was used. The
extreme value (outlier) was excluded when the observed values of D were equal to or greater
than one-third of the range R, where D is the absolute difference between the extreme
distribution and the next value and R is the range (Maximum minus Minimum). Reference
intervals were determined according to the guideline of the CLSI/IFCC using nonparametric test
methods, 2.5% and 97.5% in a ranked list of reference value data using the formula: lower limit

has the rank number 0.025(n+1) and the upper limit the rank number 0.975(n+1) (10). In
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addition to this, Out of range (OOR) values were calculated by comparing the finding of the

current study with the company-derived values and see how much misclassification occur.

Because of majority of the hematological parameter were showed a non-normal distribution,
trimester specific variations of hematological parameters were evaluated using Krusal-Wallis test
and Mann-Whitney U test was employed to evaluate pregnant and non-pregnant hematological

parameter variations. A two-sided p-value of <0.05 was considered statistically significant.

5.10 Operational Definitions

Apparently healthy participant: Pregnant and non-pregnant women (age between 15 and 49)
with the absence of disease or abnormalities based on medical history, physical examination,
clinical sign and symptom, and laboratory investigation.

Hematological parameters: A complete blood count that includes WBC, Lymph, Mid, Gran,
Lymph%, Mid%, Gran%, RBC, Hgb, HCT, MCV, MCH, MCHC, RDW-CV, RDW-SD, PLT,
MPV, PDW and PCT

Reference individual : It is a person/ individual selected for testing/establishing Rls based on

well-defined criteria (10)
Reference population: It is a group consisting of all possible reference individuals (10).

Reference sample group: An adequate number of persons selected to represent the

Reference population (10).

Trimester: Any of three periods of approximately three months each into which a human
pregnancy is divided.

5.11 Ethical consideration

The protocol was ethically approved by research and ethics review committee of Department of
Medical Laboratory Sciences, College of Health Sciences, Addis Ababa University. Letter of
permission to conduct the study was obtained from South Wollo Zonal Health department,
woreda health office and respective kebels catchment health facilities. Written informed consent
from each study participants were sought after the study participants informed about the aim, risk

and benefits of the study and prior to involving them in the study. Confidentiality was kept and

interruption was possible at any stage of the study. Personal identifiers were not used in the
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questionnaire and in the lab analysis rather three digits unique identification number (starting
from 001 up to 600) known by the participant was deployed. Individuals positive for infections
and other disease conditions were linked to the nearby government health facilities for further
counseling, diagnosis and treatment accordingly. Study participants were adequately counseled
before HIV testing and done by a trained counselor. Participants were provided their results free.
(See annex-I, I, V, VI, IX and X- information sheet for non-pregnant age 15-17 years, pregnant

and non-pregnant adults and parents/Guardian).
5.12 Dissemination of the result

The result of the study will be presented to Department of Medical Laboratory Sciences, College
of Health Sciences, Addis Ababa University (AAU) at a public defense and it will be
disseminated to AAU Department of Medical Laboratory Science, South Wollo zone health
department and woredas health offices, and to the targeted health facilities through reports.
Findings will be presented at scientific conferences. Further attempt will be made to publish the
research paper in peer-reviewed journals to access the information for clinicians, academicians,

researchers, policy makers, stakeholders and anyone interested in the subject area.
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hematological parameters.
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RIs were determined for each partition using a non-parametric method.

Figure 3: work flow diagram of subject recruitment and determination of reference intervals,

South wollo zone, Amhara region, Northeast Ethiopia, 2019.
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6. Result

6.1 Socio demographic characteristics of the study subjects

A total of 600 participants were enrolled in the study. Of these, 450 were pregnant and 150 were
non-pregnant women. The mean age and monthly income of pregnant women were 26.1 years
and 4,430.29 ETB (with ranging between 1,000-25,000 ETB), respectively. Likewise, the mean
age and monthly income of non-pregnant women were 25.8 and 3,917.29 ETB (with ranging
between 1,300-20,000 ETB). Majority of pregnant women study participants were primary
school (38.7%), housewives (69.8%) and married (97.4%) with regard to educational
background, occupation and marital status, respectively. However, majority of non-pregnant
women study participants were diploma and above (79.3%), government employee (46.7%) and
single (54.0%) with respect to educational background, occupation and marital status,
respectively. Moreover, majority of the participants both in pregnant and non-pregnant women
were urban dweller (52.0%) and lived in at lowland (54.7%). Table 2-depicts the socio
demographic characteristics of study subjects in South wollo zone, Amhara region, Northeast

Ethiopia from June to August, 2019.

Of the total 600 subjects who were recruited, 533 (88.8%) fulfilled all of the inclusion criteria
were selected in the establishment process of reference intervals and distributed as 136 women in
the 1*" trimester, 130 women in the 2™ trimester, 131 women in the 3™ trimester of pregnancy
and 136 non-pregnant women. The remaining 67 (11.2%) samples were excluded from the study.
Of them, 20 (3.33%) in the 2™ trimester, 19 (3.17%) in the 3™ trimester, 14 (2.33% %) in the 1%
trimester and 14 (2.33% %) in the non-pregnant women) were excluded due to the following
reasons: positive serological tests (HIV, HBsAg, HCV, Syphilis and CRP), history of chronic
diseases, recent blood transfusion and donation, obesity, high blood pressure and UTI infection.
Additionally, outlier data was also excluded from the final RIs determination but variable

numbers of data were excluded for each hematological parameter with the respected partitions.
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Table 2: Socio demographic characteristics of study subjects in South wollo zone, Amhara

region, Northeast Ethiopia from June to August, 2019.

Variables Category Pregnant women Non-pregnant women
Frequency | Percentage | Frequency | Percentage
(N=450) (%) (N=150) (%)
Woredas
Dessie 150 333 54 36.0
Kutaber 72 16.0 22 14.6
Kombolcha 84 18.7 25 16.7
Kalu 144 32.0 49 32.7
Educational
status [literate 42 9.3 3 2.0
Read and write 15 33 0 0.0
Primary 174 38.7 12 8.0
Secondary 143 31.8 16 10.7
Diploma and above 76 16.9 119 79.3
Occupation
Student 9 2.0 57 38.0
House wife 314 69.8 15 10.0
Government employee 55 12.2 70 46.7
Private employee
Farmer 31 6.9 6 4.0
Merchant 16 3.5 2 1.3
25 5.6 0 0.0
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Marital
status Single 10 2.2 81 54.0
Married 438 97.4 62 41.3
Divorced 2 0.3 6 4.0
Widowed 0 0.0 1 0.7
Religion
Orthodox Christian 143 31.8 74 49.3
Muslim 303 67.3 76 50.7
Protestant 4 0.9 0 0
Others 0 0.0 0 0
Residence
Rural 216 48.0 72 48.0
Urban 234 52.0 78 52.0
Altitude
Lowland 246 54.7 82 54.7
Highland 204 45.3 68 45.3

6.2 Anthropometric measurement of study subjects

The mean heights of pregnant and non-pregnant women study participants were similar.
However, the mean weight and BMI of pregnant women study participants were higher than its
counterpart. Four individuals (two from pregnant and two from non-pregnant) were excluded
from the final reference intervals determination as of high blood pressure recorded. Majority of
pregnant women (71.56%) BMI were lies within Mean+SD (19.78-25.56). In addition, the
majority of non-pregnant women (62.67%) BMI were lies within Mean+SD (19.02-24.06). Three

study subjects (from pregnant women only) were excluded from the reference interval
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determination due to high BMI. Table 3 showed a descriptive statistics of anthropometric
measurements of the study subjects in South wollo zone, Amhara region, Northeast Ethiopia

from June to August, 2019.
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Table 3: Descriptive statistics of anthropometric measurements of the study subjects in South wollo zone, Amhara region,

Northeast Ethiopia from June to August, 2019.

Pregnant women

Non-pregnant women

Variables Mean Median | SD Range Mean+SD Mean Median SD Range Mean+SD
(Min-Max) (Min-Max)

Age in years 26.1 26.0 43 18-40 26.1+4.3 25.8 24.0 6.7 17-48 25.846.7

Height in | 1.59 1.59 0.06 1.31-1.89 1.59+0.06 1.59 1.58 0.06 1.41-1.79 1.59+0.06

centimeter

Weight in | 57.03 56.45 8.32 41.0-100.0 | 57.03+£8.32 54.34 53.75 7.67 38.0-75.0 54.34+7.67

kilogram

BMI in kg/m” 22.67 22.33 2.89 17.94-40.40 | 22.67+2.89 21.54 21.02 2.52 18.02-29.29 21.54+2.52

Blood pressure

in mmHg

Systolic blood | 106.4 105.0 11.3 78-160 106.4+11.3 108.3 110.0 11.5 80-144 108.3+11.5

pressure

Diastolic blood | 68.1 70.0 8.2 40-94 68.1+8.2 71.2 70.0 8.7 48-110 71.2+8.7

pressure
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6.3 Life style and Nutritional habits

Of the total participants of pregnant women, 62.9 % had been taken iron/folate supplementation
but 37.1% were not taken iron/folate supplementation. Majority of the study participants both in
pregnant and non-pregnant women were never used alcohol (Pregnant=96.7%, Non-
pregnant=92.7%),Khat(Pregnant=96.7%, Non-pregnant=92.7%) and Cigarette (Pregnant=96.7%,
Non-pregnant=92.7%). However, the majority of pregnant and non-pregnant participants were
always used legumes (Pregnant=78.2%, Non-pregnant=66.0%), cereals (Pregnant=97.3%, Non-
pregnant=94.7%), vegetables (Pregnant=31.3%, Non-pregnant=32.7%), and tea and coffee
(Pregnant=86.9%, Non-pregnant=88.7%). Three pregnant women were excluded from RIs
determination because they have been used Khat always. Table 4 showed nutritional and others
consumption habits of the study subjects in South wollo zone, Amhara region, Northeast

Ethiopia from June to August, 2019.

Table 4: Nutritional and others consumption habits of study subjects in south wollo zone,

Ambhara region, Northeast Ethiopia from June to August, 2019.

Type of diet and Pregnant women Non-pregnant women

other consumption habits Frequency | Percentage | Frequency | Percentage
(%) (%)

Roots & tubers

Always (once a day —regular) 45 10.0 10 6.7

2 or 3 times a week 33 7.3 24 16.0

Once a week 138 30.7 31 20.7

Occasionally 216 48.0 82 54.6

Never 18 4.0 3 2.0

Legumes

Always (once a day —regular) 352 78.2 99 66.0

2 or 3 times a week 7 1.6 6 4.0

Once a week 15 33 7 4.7

Occasionally 64 14.2 35 23.3

Never 12 2.7 3 2.0
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Cereals

Always (once a day —regular) 438 97.3 142 94.7
2 or 3 times a week 3 0.7 2 1.3
Once a week 2 0.4 1 0.7
Occasionally 7 1.6 5 33
Never 0 0.0 0 0.0
Vegetable

Always (once a day —regular) 141 31.3 49 32.7
2 or 3 times a week 63 14.0 36 24.0
Once a week 134 29.8 35 233
Occasionally 107 23.8 26 17.3
Never 5 1.1 4 2.7
Fruits

Always (once a day —regular) 72 16.0 12 8.0
2 or 3 times a week 51 11.3 23 15.3
Once a week 137 30.4 50 333
Occasionally 181 40.2 64 42.7
Never 9 2.0 1 0.7
Meat

Always (once a day —regular) 18 4.0 1 0.7
2 or 3 times a week 36 8.0 12 8.0
Once a week 77 17.1 15 10.0
Occasionally 311 69.1 121 80.7
Never 8 1.8 1 0.7
Milk and milk product

Always (once a day —regular) 73 16.2 12 8.0
2 or 3 times a week 22 4.9 9 6.0
Once a week 50 11.1 14 93
Occasionally 202 44.9 94 62.7
Never 103 22.9 21 14.0
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Egg

Always (once a day —regular) 59 13.1 13 8.7
2 or 3 times a week 38 8.4 20 133
Once a week 82 18.2 24 16.0
Occasionally 218 48.4 87 58.0
Never 53 11.8 6 4.0
Tea and coffee

Always (once a day —regular) 391 86.9 133 88.7
2 or 3 times a week 4 0.9 1 0.7
Once a week 11 2.4 2 1.3
Occasionally 27 6.0 10 6.7
Never 17 3.8 4 2.7
Alcohol

Always (once a day —regular) 0 0.0 0 0.0
2 or 3 times a week 0 0.0 1 0.7
Once a week 3 0.7 1 0.7
Occasionally 12 2.7 9 6.0
Never 435 96.7 139 92.7
Khat

Always (once a day —regular) 3 0.7 0 0.0
2 or 3 times a week 0 0.0 0 0.0
Once a week 5 1.1 1 0.7
Occasionally 32 7.1 2 1.3
Never 410 91.1 147 98.0
Cigarette

Always (once a day —regular) 0 0.0 0 0.0
2 or 3 times a week 0 0.0 0 0.0
Once a week 0 0.0 0 0.0
Occasionally 2 0.4 0 0.0
Never 448 99.6 150 100.0
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Iron /Folate supplementation
Yes 283 62.9 0 0.0
No 167 37.1 150 100.0

6.4 Determination of hematological parameter RIs

Mean, Median, 95 % (2.5th -97.5th) RIs with 90% CI for lower and upper reference limit, P-
value of hematological parameters of pregnant and non-pregnant women, pregnant women with

the respected trimester partitions are presented in different tables.

6.4.1 Hematological parameter RlIs in pregnant women and non-pregnant women

As shown in Table 5, the overall median and 2.5 - 97.5™ percentile Rls of WBC, Lymph #,
MID #, Gran #, Lymph %, MID % and Gran % were 8.1(4.00-13.21x10/ul), 1.9 (1.1-2.71
x10*/ul), 0.5 (0.2-1.0 x10°/ul), 5.8 (2.2-9.83 x10°/ul), 22.5 (12.9-38.14%), 7.4 (4.24-11.64%)
and 70.35 (50.45-81.54%) in pregnant women, respectively. Whereas, the respective values in
non-pregnant women were: 6.45 (3.64-10.33 x103/ul), 2.3 (1.24-3.7 x103/u1), 0.5 (0.2-0.8
x10°/ul), 3.5 (1.28-6.88 x10°/ul), 35.65 (19.87-57.05%), 6.8 (3.9-10.9%) and 56.1 (33.42-
71.84%). There were a statistically significant differences (P-value< 0.05) between pregnant and
non-pregnant women in all white blood cell parameters (WBC, Lymph #, MID #, Gran #, Lymph
%, MID % and Gran %). Pregnant women had a higher median value of WBC (8.1 Vs
6.45x103/ul), Gran # (5.8 Vs 3.5x103/u1), Gran% (70.35 Vs 56.1), MID% (7.4 Vs 6.8) and MID
# (0.5 Vs 0.4x10°/ul) than their counterpart, whereas non-pregnant women had higher median
values for Lymph # (2.3 Vs 1.9x10°/ul) and Lymph% (35.5 Vs 22.5%) than pregnant women.
Likewise, pregnant women had higher mean value of WBC, Gran #, Gran %, MID % and MID #
than their counterpart, whereas non-pregnant women had higher mean values for Lymph # and

Lymph % than pregnant women.

The median and 2.5" - 97.5™ percentile RIs of RBC and the respective indices are also shown in
Table 5. There was a statistically significant difference between pregnant and non-pregnant
women for RBC count (P=0.000), Hgb (P=0.000), HCT (P=0.000), MCV (P=0.001), MCH
(P=0.036), RDW-CV (P=0.000) and RDW-SD (P=0.001) but there was no statistical significant
difference between pregnant and non-pregnant in MCHC (P=0.590). Pregnant women had a
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lower median value of Hgb (11.9 Vs 13.1 g/dl), HCT (40.4 Vs 44.6%) and RBC count (3.52 Vs
4.76x10°ul) than non-pregnant women had. Pregnant women had a higher median value of
MCYV (94.7 Vs 92.6 1), MCH (30.2 Vs 29.8 pg), RDW-CV (14.7 Vs 12.4) and RDW-SD (48.3
Vs 45.4) than the non-pregnant women. Similarly, pregnant women had a lower mean value of

RBC, Hgb and HCT than non-pregnant women, but pregnant women had a higher mean value of

MCV, RDW-SD and RDW-CV than the non-pregnant women.

As indicated in table 5, there was a statistical significant difference between pregnant and non-
pregnant women in the values of Platelet count, MPV, PDW and PCT. Pregnant women had a
higher median value of MPV (8.7 Vs 8.5 fl) and PDW (15.8 Vs 14.0) than non-pregnant women.
On the other hand, the median value of platelet count (304 Vs 253x10°/ul) and PCT (0.267 Vs
0.217) were higher in non-pregnant women than pregnant women. The median and 2.5th -97.5™
percentile RIs of platelet count, MPV, PDW and PCT of pregnant women are summarized in the

table 5.
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Table 5: Mean, Median, 95% (2.5th- 97.5th) RIs with 90% CI lower and upper reference limit of hematological parameters of

pregnant and non-pregnant women of South Wollo zone, Amhara region, Northeast Ethiopia from June to August, 2019.

90% CI
Parameter N | Mean Median RI
(2.5"-97.5™) LLC ULC P-value
WBC Pregnant 395 |83 8.1 4.00-13.21 3.7-4.4 12.7-15.1 0.000*
3
(x10°/ul) Non- pregnant | 136 | 6.56 6.45 3.64-10.33 3.53.9 9.7-11.1
Lymph# Pregnant 395 |1.88 1.9 1.1-2.71 1.0-1.1 2.7-3.0 0.000*
3
(x10°/ul) Non-pregnant | 136 | 2.34 23 1.24-37 1.1-14 3437
MID# Pregnant 393 0.6 0.5 0.2-1.0 0.2-0.3 1.0-1.1 0.020%
(x10°/pl)
Non-pregnant 135 0.47 0.4 0.2-0.8 0.1-0.3 0.7-0.8
GRAN# Pregnant 393 |58l 5.8 2.2-9.83 1.9-2.4 9.6-11.6 0.000*
(x10°/ul)
Non-pregnant 135 3.7 3.5 1.28-6.88 1.0-1.6 6.2-7.2
Lymph (%) Pregnant 384 [234 225 12.9-38.13 11.7-13.4 37.2-41.4 0.000*
Non-pregnant 134 |36.6 35.65 19.87-57.05 13.9-23.3 54.1-62.1
MID (%) Pregnant 390 |76 7.4 4.24-11.64 3.9-4.7 11.2-12.9 0.002*
Non-pregnant 135 6.9 6.8 3.9-10.9 3.7-4.0 10.7-12.0
GRAN (%) Pregnant 390 | 69.3 70.35 50.45-81.54 49.3-52.8 81.2-84.9 0.000*
Non-pregnant 135 55.5 56.1 33.42-71.84 27.7-38.0 70.1-75.5
HGB Pregnant 394 109 11.9 10.1-13.67 9.9-10.4 13.31-13.98 0.000*
/dl
(g/dD) Non-pregnant 135 [ 138 13.1 12.4-14.3 11.8-12.6 14.1-14.6
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RBC Pregnant 396 |35 3.52 3.45-4.67 3.36-3.52 445498 0.000*
10%/ul

(107D Non-pregnant | 134 | 4.7 476 444501 421-4.83 491-5.23

HCT (%) Pregnant 396 | 402 40.4 33.49-46.52 32.3-34.0 46.1-49.7 0.000*
Non-pregnant 134 44.2 44.6 38.44-50.09 37.3-39.1 48.8-50.9

MCV Pregnant 391 | 94.71 947 84.76-103.52 83.7-87.2 103.0-106.6 | 0.001*

fl

@ Non-pregnant | 135 | 92.3 92.6 86.1-101.64 83.5-86.7 99.4-102.8

MCH Pregnant 370 | 30.3 30.2 27.5-33.00 272277 32.8-33.9 0.036*

(pg) Non-pregnant | 133 | 29.7 29.8 27.135-32.36 26.1-274 31.9-33.3

MCHC Pregnant 389 | 3191 319 30.30-33.73 30.1-30.3 33.6-34.2 0.590

(g/dl) Non-pregnant | 135 | 31.97 319 30.4-34.06 30.1-30.5 33.7-34.1

RDW-CV Pregnant 381 | 14.9 14.7 12.5-16.145 12.4-12.6 15.9-16.7 0.000*
Non-pregnant | 127 | 12.31 12.4 12.14-14.68 12.0-12.4 14.5-15.0

RDW-SD Pregnant 389 | 48.98 483 42.1-582 41.1-42.1 57.3-60.9 0.001*
Non-pregnant 133 45.5 454 39.72-57.3 38.4-41.1 55.5-58.2

Platelet Pregnant 393 | 2555 253 131.7-373.15 125-155 369-403 0.000*

3

(x107/ul) Non-pregnant | 136 | 310.4 304 173.28-456.30 171-206 429-463

MPV Pregnant 395 | 8.8 8.7 7.24-10.16 7.0-7.6 10.0-10.4 0.024*

fl

(& Non-pregnant | 136 | 8.6 8.5 7.09-10.12 6.8-7.3 10.1-10.8

PDW Pregnant 393 | 15.81 15.8 15.2-16.4 15.1-15.3 16.4-16.6 0.000*
Non-pregnant | 133 | 14.52 14.0 14.1-15.5 14.0-14.4 15.1-16.1

PCT Pregnant 384 | 0216 0217 | 0.121-0.316 0.110-0.136 | 0.306-0.336 | 0.000*
Non-pregnant | 136 | 0.269 0267 | 0.168-0.382 0.161-0.193 | 0.349-0.390
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LLC-Lower limit confidence interval, ULC- Upper limit confidence interval

WBC-white blood cell count, Lymph# - Absolute lymphocyte count, MID# - Absolute mixed cell count, Gran# -Absolute granulocyte
count, Lymph% - lymphocyte percentage, MID% - mixed cell percentage, Gran% - granulocyte percentage, Hgb- hemoglobin, RBC-
red blood cell count, HCT- hematocrit, MCV- mean cell volume, MCH- mean cell hemoglobin, MCHC- mean cell hemoglobin
concentration, RDW-CV- red cell distribution width coefficient of variation, RDW-SD- red cell distribution width standard deviation,
MPV- mean platelet volume, PDW- platelet distribution width, PCT- Plateletcrit

Mann-Whitney U-test for non-normally distributed parameters was done between pregnant and non-pregnant women: all hematological
parameters except MCHC showed significant differences between pregnant and non-pregnant women.

P < 0.05 was considered as statistically significant.

*Statistically significant

Note: The number of reference subjects varied for each parameter because of exclusion of variable number of outliers.
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6.4.2 Hematological parameter Rls in pregnant women according to trimester

Table 6 presented that the mean, median, RI (2.5th-97.5th), 90% upper and lower reference limit
and P-values between trimester, 1% Vs 2™, 13 Vs 3, and 2™ Vs 3™ trimester of pregnant women.
Total WBC count and Lymph % showed a statistically significant difference between trimesters,
1% Vs 2™ 1% Vs 3 but not between 2™ Vs 3™, The median values of total WBC count (7.7
x10*/ul in the 1%, 8.2 x10%/ul in the 2™, 8.6 x10*/ul in the 3" trimester) increased as gestational
period progress. The median values of Lymph # and Lymph % had the increased in the 1* (2.0
x10°/ ul and 24.9%), decreased in the 2" trimester (1.8x10°/ pl and 20.8%) and then increased in
the 3™ trimester (l.9x103/ pl and 22.02%). Gran # and Gran % showed a statistical significant
difference between trimesters, 1 Vs 2™, 1% Vs 3, and 2™ Vs 3™ trimester of pregnant women.
The median and mean values of WBC, Gran # and Gran % increased as gestational age
advances. The mean values of Lymph # and Lymph % had the higher in the 1%, lower in the 2™

trimester and then higher in the 3" trimester.

RBC count, Hgb and HCT showed a statistically significant difference between trimesters, 1% Vs
2" 15t Vs 3 and 2™ Vs 3 trimester of pregnant women. The median values of RBC count and
Hgb were greater in 1* trimester (3.86x10% ul and 12.3 g/dl), low in 2" trimester (3.49x10% ul
and 11.6 g/dl) then increased in the 3" trimester (3.78x10%/ul and 12.7 g/dl). However, the mean
and median values of HCT decreased as gestational age increases. There was no a statistically
significant difference in MCH, MCHC, RDW-CV and RDW-SD between trimesters, 1% Vs 2nd,
1 Vs 3 and 2™ Vs 3", On the other hand, MCV showed statistically significant variations

between trimester and its mean and median values increases as gestational period advances.

As shown in table 6, platelet count revealed that there was a statistically significant difference
between trimesters, 1% Vs 2™, 1 Vs 3™, and 2™ Vs 3™ trimester of pregnant women. MPV and
PDW showed statistically significant variations between trimesters. The mean and median value
of platelet count was decreased as gestational period goes up. In the contrary, MPV and PDW

increased as gestational period advance.
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Table 6: Mean, Median, 95%(2.5th-97.5th) RIs with 90% CI lower and upper reference limit of hematological parameters

stratified by gestational period (trimester) of South Wollo zone, Amhara region, Northeast Ethiopia, From June to August,

2019.
o = 2 z 90% CI
= 5 Y e RI P-value
% 8 N = g (2'5th-97'5th ) st st nd st nd
= a LLC ULC & | 1M& [ 2™& | 1Y, 2M&
= - 2nd 3rd 3rd 3rd
WBC 1t 135 [7.9 7.7 3.64-13.24 3.3-4.3 12.1-15.4 0.019 | 0.006 |0.724 | 0.001*
x10%ul) |2 [130 [8.5 8.2 4.56-13.59 4.0-5.0 13.1-15.2 * *
3 1131 |87 8.6 4.56-13.62 3.5-5.1 12.2-14.1
Lymph# 1 1135 |20 2.0 1.1-2.8 0.9-1.2 2.7-2.9 0.004 |0.020 |0.562 |0.001*
x10°/ul)  [2 130 [1.79 |18 1.03-2.6 0.7-1.2 2.6-2.8 * *
3 1130 [1.92 |19 1.13-2.77 1.0-1.3 2.7-3.0
MID# 1 [132 (050 |05 0.2-0.9 0.2-0.3 0.8-0.9 0.066 |0.059 |0.923 |0.198
x10°ul)  [29 [129 056 |05 0.2-1.08 0.2-0.3 0.9-1.1
3 1129 057 |05 0.2-1.08 0.2-0.3 1.0-1.1
GRAN# 1 [130 |55 53 2.23-8.62 2.1-2.4 7.8-10.2 0.002 |0.004 |0.012* | 0.002*
x10%ul) |2 [ 128 6.1 5.9 2.42-9.78 2.2-2.7 9.5-10.6 * *
3 1131 6.3 6.2 2.61-10.23 2.3-29 9.6-10.8
Lymph 1 [135 [ 2648 [249 |12.78-45.60 11.4-14.0 42.1-49.8 0.001 |0.002 |[0.106 |0.001*
(%) 2 1126 [21.41 [20.8 |10.96-32.96 9.0-13.4 30.5-35.4 * *
3 1128 [23.03 [222 |13.53-45.68 12.3-14.9 44.3-48.1
MID (%) 1 1135 |68 6.8 3.94-12.00 2.8-4.5 11.9-12.9 0.451 [0.990 |0.548 |0.769
2" 1126 |67 6.65 | 3.74-9.60 3.0-4.4 9.4-9.7
3 1130 [7.0 6.8 3.83-12.33 3.2-4.4 10.8-12.7
GRAN 1 [135 [67.8 |658 |45.86-80.42 | 44.3-48.7 80.1-82.2 0.001 |0.007 |0.003* | 0.001*
(%) 2 1127 |717 |704 |58.62-81.50 | 55.0-61.2 81.3-84.9 * *
3 [131 [72.1 [719 |60.53-82.55 58.7-62.1 81.6-85.3
HGB 1 136 |11.1 123 | 10.37-13.53 10.0-10.8 13.2-14.4 0.005 | 0.050 | 0.006* | 0.016*
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(g/d]) 22 1130 [104 [11.6 ]9.99-12.90 9.5-10.4 12.3-13.2 * *
3 1131 [11.9 [12.7 |10.68-13.71 10.3-10.9 13.34-14.1
RBC 1Y 135 [394 [3.86 |3.58-4.90 3.52-3.68 4.35-5.01 0.001 |0.004 |0.009* | 0.001%*
(x10%/pl) 22 1128 [3.45 [3.49 |3.35-4.01 3.31-3.40 3.87-4.31 * *
3 1130 [3.79 [3.78 |3.76-4.99 3.32-3.98 4.89-5.15
HCT 1Y 136 [41.71 |41.05 |34.86-47.80 31.6-35.7 46.1-49.7 0.007 |0.048 |0.008* | 0.024%*
(%) 2" 1129 14056 |403 |33.93-46.19 32.5-34.9 45.3-49.6 * *
3 1131 [39.42 [399 |32.33-45.98 30.9-33.6 453-47.8
MCV 10 1133 [9455 [942 |86.67-103.03 | 84.7-89.3 100.9-104.8 | 0.067 |0.030 |0.927 |0.02*
(1) 2" 1126 [94.72 [ 944 |86.10-103.58 | 83.9-88.8 102.5-106.6 *
3 1129 (9596 [95.0 |87.62-105.77 | 84.0-89.8 103.0-107.8
MCH 1Y 1130 [29.94 [30.0 |26.40-32.94 26.3-27.2 32.3-33.8 0.121 [0.204 |0.167 |0.055
(pg)
2" 1124 13020 [30.1 |26.89-33.20 26.4-28.0 33.0-34.3
3 1124 3051 [304 |27.51-33.99 26.8-28.0 33.6-34.4
MCHC 1Y 1135 [32.16 [32.5 |30.30-33.66 29.7-30.8 33.7-34.6 0.321 [0.559 [0.270 |0.234
(g/dl) 2" 1124 [3186 [31.9 |30.13-33.2 30.0-30.5 33.1-33.5
3 1130 [31.69 [32.6 |30.31-33.86 29.9-30.5 33.2-34.1
RDW-CV | 1% [134 |14.07 | 141 12.44-15.99 12.1-12.5 15.7-16.6 0.075 [0.458 [0.140 |0.064
22 1127 114.03 [ 142 |12.52-17.00 12.0-12.7 16.2-17.2
3 1125 [14.05 [13.9 |12.62-16.20 12.5-12.9 15.9-16.7
RDW-SD | 1% [134 4749 |465 | 40.60-55.50 38.4-42.1 54.6-56.4 0.120 [0.071 [0.894 |0.23
2" 1128 [49.78 [49.6 |42.28-57.99 41.1-43.9 56.4-61.9
3 1127 14966 492 |41.30-59.84 40.3-43.9 58.2-60.0
Platelet 1t 133 2585 [273 167.05-390.00 | 155-182 369-400 0.005 [0.001 |0.001* | 0.005%
(x10°/pl) 2" 1130 2533 [253 149.58-373.32 | 140-164 365-390 * *
39 1131 |251.6 |245 124.60-356.90 | 90-132 369-386
MPV 1t 136 [825 |86 6.73-9.80 6.3-7.1 9.4-10.3 0.003 [0.001 |0.677 |0.001*
(f) 22 1129 [854 [8.78 |7.05-10.25 7.1-7.4 9.9-10.4 * *
3 1130 |8.71 8.85 | 7.40-10.30 7.6-7.8 10.0-10.5
PDW 1t 136 1574 |15.7 |15.10-16.36 15.1-15.3 16.2-16.4 0.624 | 0.000 | 0.000* | 0.001%*
22 1128 [15.77 |15.8 | 15.22-16.48 15.0-15.3 16.4-16.5 *
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3" 130 | 1592 | 159 15.16-16.57 15.1-15.3 16.5-16.8

PCT 1% 131 10.225 |0.22 0.152-0.316 0.113-0.161 | 0.305-0.337 | 0.161 | 0.209 | 0.351 | 0.054
2" 1127 0216 [0.217 [0.110-0.321 0.108-0.132 | 0.309-0.335
3" 127 10.209 |0.21 0.118-0.321 0.090-0.136 | 0.291-0.333

LLC-Lower limit confidence interval, ULC- Upper limit confidence interval

WBC-white blood cell count, Lymph#- Absolute lymphocyte count, MID# Absolute mixed cell count, Gran#-Absolute
granulocyte count, Lymph%- lymphocyte percentage, MID%- mixed cell percentage, Gran%- granulocyte percentage, Hgb-
hemoglobin, RBC- red blood cell count, HCT- hematocrit, MCV- mean cell volume, MCH- mean cell hemoglobin, MCHC- mean
cell hemoglobin concentration, RDW-CV- red cell distribution width coefficient of variation, RDW-SD- red cell distribution

width standard deviation, MPV- mean platelet volume, PDW- platelet distribution width, PCT- Plateletcrit

Mann-Whitney U-test for non-normally distributed parameters was done between trimesters (1% Vs 2™, 1% Vs 3 and 2™ Vs 3™

and Krusal-Wallis test for non-normally distributed parameters was done between inter-trimesters (1% Vs 2™ Vs 3™).
P < 0.05 was considered as statistically significant.

* Statistically significant
Note: The number of reference subjects varied for each parameter because of the variable number of outliers excluded.
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6.4.3 Hematological parameters Rls for pregnant women according to Altitude

As shown in Table 7, the overall median and 2.5™ - 97.5" percentile RIs of WBC, Lymph #,
MID #, Gran #, Lymph %, MID % ,Gran %, PLT count, MPV, PDW and PCT were 8.1(4.1-
13.3 x10%/ul), 1.9 (1.1-2.7x10%/ul), 0.115-0.2900.6 (0.3-1.0 x10*/ul), 5.8 (2.1-9.8x10°/ul), 22.4
(13.3-38.1%), 7.3 (4.4-11.9 %) , 70.2 (54.5-80.9 %), 250 (126-363 x10°/nl), 8.6 (6.9-10.1 1),
15.8 (15.2-16.5) and 0.211 (0.124-0.326) in lowland dwellers of pregnant women, respectively.
Whereas, the respective values in highland dwellers of pregnant women were: 8.1 (3.9-
14.1x10°/pl), 1.9 (1.1-2.8 x10*/ul), 0.5 (0.2-0.9 x10*/ul), 5.8 (2.2-10.2x10°/ul), 22.8 (12.6-
41.7%), 6.3 (3.79-9.7%), 70.5 (50.38-82.5%), 257(139-378 x10°/ul), 8.7 (7.2-10.1 fl), 15.8
(15.19-16.4) and 0.211 (0.115-0.290). There were no a statistically significant differences
between lowland and highland dwellers of pregnant women in all white blood cell parameters
(WBC, Lymph #, , Gran #, Lymph %, and Gran %) except MID # and MID %. Similarly, there
were no a statistically significant between lowland and highland dwellers of pregnant women in

all platelet parameters.

The median and 2.5" - 97.5™ percentile RIs of RBC and the respective indices are also shown in
Table 7. There was a statistically significant difference between lowland and highland dwellers
of pregnant women for RBC count (P=0.000), Hgb (P=0.000), HCT (P=0.000), MCV (P=0.002),
MCH (P=0.038), MCHC (P=0.000), RDW-CV (P=0.000) and RDW-SD (P=0.000). Highland
dwellers of pregnant women had a higher median value of Hgb (13.3Vs 10.4 g/dl), HCT (41.5
Vs 38.5 %) , RBC count (4.39 Vs 4.16 x10%pl), MCV (95.6Vs 93.7 1), MCH (30.4 Vs 30.0 pg),
MCHC (32.3 Vs 31.5 g/dl), RDW-CV (14.3 Vs 13.7 ) and RDW-SD (50.0 Vs 46.5 ).
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Table 7: Mean, Median, 95% (2.5th-97.5th) RIs with 90% CI lower and upper reference limits of hematological parameters of

pregnant women according to Altitude of south wollo zone, Amhara region, Northeast Ethiopia, From June to August, 2019.

90% CI
Parameter N Mean Median RI LLC ULC
(2.5M-97.5™) P-value
WBC Lowland 200 |83 8.1 4.1-13.3 3.6-4.7 12.7-15.4 0.977
(x10°/pl) Highland 196 |83 8.1 3.9-14.1 3.4-4.7 12.1-15.1
Lymph# Lowland 199 |18 1.9 1.1-2.7 1.0-1.2 2.6-3.0 0.432
(x10%/pl) Highland 196 | 1.8 1.9 1.1-2.8 0.9-1.2 2.6-2.9
MID# Lowland 196 |06 0.6 0.3-1.0 0.2-0.3 0.9-1.1 0.000%*
(x10°/pl) Highland 191 |05 0.5 0.2-0.9 0.2-0.3 0.7-0.9
GRAN# Lowland 199 |59 5.8 2.1-9.8 1.9-2.6 9.4-10.7 0.873
(x10°/pl) Highland 195 |59 5.8 2.2-10.2 1.8-2.6 9.5-11.6
Lymph (%) Lowland 194 | 23.1 22.4 13.3-38.1 12.3-14.8 35.6-39.2 0.322
Highland 194 | 24.1 22.8 12.575-41.7 | 10.1-13.5 41.1-42.2
MID (%) Lowland 195 |74 7.3 4.4-11.9 2.8-4.7 10.9-12.0 0.000*
Highland 195 | 6.4 6.3 3.79-9.7 3.2-4.0 9.5-10.9
GRAN (%) Lowland 192 |69.7 70.2 54.5-80.9 51.3-56.5 79.8-81.7 0.576
Highland 193 [69.6 70.5 50.38-82.5 48.8-54.8 81.3-84.0
HGB Lowland 199 [104 10.4 9.7-12.4 9.0-10.5 12.1-12.9 0.000*
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(g/dl) Highland 196 |13.4 13.3 10.4-13.4 10.2-11.1 13.21-14.1

RBC Lowland 199 |4.14 4.16 3.43-4.45 3.36-3.52 4.39-4.79 0.000%*

(x10%pl) Highland 196 | 4.39 4.39 3.87-5.01 3.75-4.02 4.99-5.23

HCT (%) Lowland 198 | 383 38.5 32.5-44.7 31.4-33.1 43.7-46.5 0.000*
Highland 194 |41.3 41.5 34.0-47.1 32.7-35.3 46.4-48.6

MCV Lowland 195 | 94.1 93.7 87.2-101.83 | 84.5-87.8 101.0-103.6 | 0.002*

(f) Highland 188 | 95.4 95.6 85.9-103.8 84.0-87.4 103.0-105.5

MCH Lowland 193 |30.1 30.0 26.4-33.2 26.3-27.4 33.0-33.9 0.038*

(pg) Highland 185 [30.4 30.4 27.6-32.9 26.8-28.1 32.6-34.1

MCHC Lowland 193 [31.5 31.5 30.1-33.2 29.7-30.3 32.7-33.3 0.000*

(g/dl) Highland 194 [323 323 30.5-33.8 30.3-31.0 33.7-34.1

RDW-CV Lowland 193 [13.8 13.7 12.4-15.7 12.0-12.5 15.7-15.9 0.000%*
Highland 187 | 14.4 14.3 12.6-16.8 12.4-13.0 16.2-17.0

RDW-SD Lowland 195 |47.4 46.5 41.1-55.5 40.3-42.1 53.8-56.4 0.000%*
Highland 195 [50.7 50.0 42.9-60.0 42.1-43.9 58.2-61.9

Platelet Lowland 199 | 250 250 126-363 124-159 351-374 0.290

(x10°/ul) Highland 193|260 | 257 139378 124-169 372-395

MPV Lowland 198 |86 8.6 6.9-10.1 6.5-7.4 9.7-10.4 0.127

(fl) Highland 196 |87 8.7 7.2-10.1 6.8-7.4 10.0-10.5
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PDW Lowland 198 15.8 15.8 15.2-16.5 15.1-15.3 16.3-16.6 0.140
Highland 195 15.8 15.8 15.19-16.4 15.1-15.3 16.3-16.5

PCT Lowland 196 0.221 0.221 0.124-0.326 0.110-0.155 0.315-0.333 0.385
Highland 187 0.211 0.211 0.115-0.290 0.107-0.136 0.284-0.305

LLC-Lower limit confidence interval, ULC- Upper limit confidence interval

WBC-white blood cell count, Lymph# - Absolute lymphocyte count, MID# - Absolute mixed cell count, Gran# -Absolute granulocyte
count, Lymph% - lymphocyte percentage, MID% - mixed cell percentage, Gran% - granulocyte percentage, Hgb- hemoglobin, RBC-
red blood cell count, HCT- hematocrit, MCV- mean cell volume, MCH- mean cell hemoglobin, MCHC- mean cell hemoglobin
concentration, RDW-CV- red cell distribution width coefficient of variation, RDW-SD- red cell distribution width standard deviation,
MPV- mean platelet volume, PDW- platelet distribution width, PCT- Plateletcrit

Mann-Whitney U-test for non-normally distributed parameters was done between pregnant and non-pregnant women: all hematological
parameters except MCHC showed significant differences between pregnant and non-pregnant women.

P < 0.05 was considered as statistically significant.

*Statistically significant

Note: The number of reference subjects varied for each parameter because of exclusion of variable number of outliers.
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6.4.4Comparison of hematological parameters of Non-pregnant women with each trimester

As presented in table 8, all hematological parameters showed a statistical significant difference

between non-pregnant women and 3 trimester. The study also indicated that there were a

statistically significant difference in all hematological parameters except MCHC and MPV

between non-pregnant women and 2™ trimester. However, Absolute MID count and percentage,

MCV, MCH, MCHC, RDW-CV, MPV, PDW and PCT did not showed a statistically significant

difference beween non-pregnant women and 1% trimester.

Table 8: Comparison of hematological parameters between non-pregnant women and with

each trimester of pregnant women of South wollo zone, Amhara region, Northeast Ethiopia

from June to August, 2019.

Parameters Category Median P-value
Non-pregnant | Non-pregnant Non-pregnant
Vs 1% Vs 2 Vs 3"
WBC Non-pregnant | 6.45 0.000* 0.000* 0.000*
(x107uD) 1* trimester 7.7
2" trimester 8.2
3" trimester 8.6
Lymph# Non-pregnant | 2.3 0.000* 0.000* 0.000*
(x10°/u) 1* trimester 2.0
2" trimester 1.8
3" trimester 1.9
MID# Non-pregnant | 0.4 0.917 0.022* 0.018*
(x107/u) 1* trimester 0.5
2" trimester 0.5
3" trimester 0.5
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Gran # Non-pregnant | 3.5 0.000%* 0.000* 0.000*
(x107ul) 1*" trimester 5.3
2" trimester 5.9
3" trimester 6.2
Lymph (%) Non-pregnant | 35.65 0.000* 0.000* 0.000*
1*" trimester 24.9
2" trimester 20.8
3" trimester 22.2
MID (%) Non-pregnant | 6.8 0.119 0.001* 0.022%*
1*" trimester 6.8
2" trimester 6.67
3" trimester 6.8
Gran (%) Non-pregnant | 56.1 0.000* 0.000* 0.000*
1*" trimester 65.8
2" trimester 70.4
3" trimester 71.9
HGB Non-pregnant | 13.1 0.000%* 0.000* 0.000*
(g/dD) 1*" trimester 12.3
2" trimester 11.6
3" trimester 12.7
RBC Non-pregnant | 4.76 0.000%* 0.000* 0.000*
(x10%/ul) 1*" trimester 3.86
2" trimester 3.49

Page | 52




3" trimester 3.78
HCT Non-pregnant | 44.6 0.000* 0.000* 0.000*
(%) 1* trimester 41.05
2" trimester 40.3
3" trimester 39.9
MCV Non-pregnant | 92.6 0.613 0.000* 0.000*
(1) 1* trimester 94.2
2" trimester 94 .4
3" trimester 95.0
MCH Non-pregnant | 29.8 0.517 0.001* 0.043*
(pg) 1* trimester 30.0
2" trimester 30.1
3" trimester 30.4
MCHC Non-pregnant | 31.9 0.104 0.649 0.008*
(g/dD) 1* trimester 32.5
2" trimester 31.9
3" trimester 32.6
RDW-CV Non-pregnant | 12.4 0.450 0.000* 0.000*
1* trimester 14.1
2" trimester 14.2
3" trimester 13.9
RDW-SD Non-pregnant | 45.4 0.083 0.000* 0.000*
1* trimester 46.5
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2™ trimester 49.6
3" trimester 49.2
PLT count Non-pregnant | 304 0.000%* 0.000%* 0.000*
3
(x10°/ul) 1* trimester 273
2™ trimester 253
3" trimester 245
MPV Non-pregnant | 8.5 0.097 0.144 0.042*
() 1* trimester 8.6
2" trimester 8.78
3" trimester 8.85
PDW Non-pregnant | 14.0 0.154 0.000%* 0.000*
1* trimester 15.7
2™ trimester 15.8
3" trimester 15.9
PCT Non-pregnant | 0.217 0.254 0.000* 0.000*
1* trimester 0.220
2" trimester 0.217
3" trimester 0.210
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6.4.5 Proportion of out of range values by comparing established RIs of pregnant women

with currently utilized manufacturer provided Rls

Table 7 depicts the proportions of out of range (OOR) values in the pregnant women by
comparing established hematological parameters RIs with currently utilized manufacturer
provided RlIs. The result showed that 19.1%, 19.3%, 23.8%, 26.4%, 27.8%, 43.3% and 44.9%
out of range values were observed in WBC count, PLT count, Hgb, Gran#, Lymph%, Gran% and
MCHC, respectively. The lowest proportion of out of range value was found in MID# (1.3%)
and RDW-CV (1.6%).
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Table 9: Proportions of out of range values in pregnant women by comparison of

established hematological parameters RIs with currently utilized manufacturer provided

RIs.

Parameters Manufacturer | Currently Out of range
RIs established Lower | Upper Total
RIs limit limit N %
(N) (N)

WBC(x10°/pl) 4.0-10.0 4.0-13.2 0 86 86 19.1
Lymph#(x10°/pl) | 0.8-4.0 1.1-2.7 5 11 16 3.6
MID#(x10°/pl) 0.1-1.5 0.2-1.0 0 6 6 1.3
GRAN#(x10°/ul) | 2.0-7.0 2.2-9.8 3 104 107 23.8
Lymph (%) 20.0-40.0 12.9-38.1 120 5 125 27.8
MID (%) 3.0-15.0 3.9-10.9 6 10 16 3.6
GRAN (%) 50.0-70 50.5-81.5 1 194 195 433
HGB(g/dl) 11.0-15.0 10.1-13.7 22 97 119 26.4
RBC(x10°/ul) 3.50-5.00 3.45-4.67 3 56 56 12.4
HCT (%) 37.0-47.0 33.5-46.5 53 3 55 12.2
MCV (1) 80.0-100.0 84.8-103.5 9 40 49 10.9
MCH(pg) 27.0-34.0 27.5-33.0 4 8 12 2.7
MCHC(g/dl) 32.0-36.0 30.3-33.7 190 12 202 449
RDW-CV 11.0-16.0 12.5-16.1 7 0 7 1.6
RDW-SD 35.0-56.0 42.1-58.2 8 15 23 5.1
Platelet(x10°/ul) | 100-300 131.7-373.2 |9 78 87 19.3
MPV(f]) 6.5-12.0 7.1-10.1 9 2 11 2.4
PDW 9.0-17.0 15.2-16.4 8 10 18 4.0
PCT 0.108-.282 0.121-0.316 |6 21 27 6.0
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7. Discussion

Several factors including sex affect RIs hence necessitating sex specific RIs for most of
hematological parameters; this fact is well documented by several studies (7, 8, 30, 31). Among
women, physiological change during pregnancy result a substantial increase of metabolic
demands and hormonal disparity. These phenomena affect the hematological parameters.
Moreover, due to its impact on the outcome of pregnancy, it increases the attention on the
management of the health of pregnant women. One of the tests frequently requested to monitor
the health status of pregnant women is hematological parameters. The diagnostic accuracy of this
lab test is based on the evaluation of result in relation to reference values of the local population.
Even though changes in normal laboratory values induced by pregnancy are well known (20, 62,
63), very few studies have been conducted in Ethiopia to establish reference intervals for
pregnant women and never been established hematological parameters RIs for pregnant women
in the present study area. Therefore, this study determined RIs of 19 hematological parameters
among apparently healthy pregnant and non-pregnant women of South Wollo zone, and may be a

baseline for future national reference range establishment.

The pregnant women hematological parameters RI derived in this study varied from those
reported from Gondar (42) and Addis Ababa (55), Sudan (54) Central Uganda (51), Northwest
Morocco (37), China (46) and textbooks (63) as would be expected for populations in other
geographical locations, with ethnic and dietary diversities. In addition, study period seasonal

variations, methodology and instrument used also contribute to the varied RI (8, 14, 63).

As summarized in a table and annexed for clarity (annex XXVIII), the lower RI of total WBC
count of pregnant women in this study was lower than previously reported from different parts of
Ethiopia (42, 55), Central Uganda (51) and Northwest Morocco (37). The upper RI limit of total
WBC count in this study was higher than a study conducted in Ethiopia (42, 55) and central
Uganda (51); but it was comparable with a study done in Northwest morocco (37). The lower
reference limit of Lymph # in this study was lower than Gondar and Northwest Morocco, but the
upper reference limit was higher than central Uganda. The upper reference limit of MID # in the
present study was higher than a study conducted in central Uganda, but the lower reference limit

of current study was lower than Central Uganda. The reference interval of Gran # in this study
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was comparable with a study done in Northwest Morocco, but different in a study conducted in
Central Uganda. The lower reference limit of Lymph%, MID% and Gran% among pregnant
women of this study was lower than Addis Ababa and central Uganda, but the upper reference
limit was higher than a study done in Addis Ababa and central Uganda (37, 51, 55). These
variations are usually associated with well-known differences in diet and ethnic origin or genetic
diversity. Nevertheless, factors such as study design and general nutritional status might also

contribute to such discrepancies (8, 14, 63).

In the current study there was a statistical significant difference between pregnant and non-
pregnant women in which pregnant women had a higher mean value of total WBC count
(8.3x10°/ul) than non-pregnant women(6.56x10°/ul), confirming results of other studies from
India (22), North Morocco (37), Nigeria (50) and Sudan (54). This is due to the physiological
stress induced by pregnancy state (16). According to gestational age, the mean value of total
WBC count showed parallel trend with a study conducted in Addis Ababa (55) and Central
Uganda (51). The trend indicated that the mean values of total WBC count slightly increased as
gestational period progress. This may be because of a complex physiological process (serial
endocrine system and metabolic changes) that increases WBC by accepting stimulatory signals
as pregnancy progress. This helps to build the immunity of the fetus that is achieved by a state of

selective immune tolerance, in the presence of a strong antimicrobial immunity (64).

This study also demonstrated that the mean values of Lymph # in this study had the highest value
in the 1%, decline in the 2™ trimester and then increased in the 3™ trimester. This finding is
consistent with previous study (42). However, the mean values of Lymph # showed a different
pattern of changes as goes from 1% to 3" trimester compared to other study (51, 54) in which
Lymph # decline as gestational age advance. Gran # and Gran % showed a statistical significant
difference between trimesters, 1% Vs 2™, 1% Vs 3, and 2™ Vs 3™ trimester of pregnant women.
Moreover, the mean value of Gran# increased as gestational age advances. This finding is in
agreement with previous studies (54, 64). There were statistically significant differences between
pregnant and non-pregnant women in all WBC parameters, which are consistent with other
findings (37, 47, 54). Pregnant women had higher mean values in Gran # and Gran %, than the
non-pregnant counterpart, whereas non-pregnant women had higher mean values in Lymph #

and Lymph % than pregnant women. The highest value of Gran # and % in pregnant women is
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likely due to impaired neutrophilic apoptosis in pregnancy. Neutrophil cytoplasm shows toxic
granulation. Neutrophil chemotaxis and phagocytic activities are depressed, especially due to the
inhibitory factors present in the serum of pregnant female (65). On the other hand, the reduction
of lymphocyte levels in a pregnant woman is a natural consequence of conception and it is a
normal body process. When conception occurs and the embryo is awaiting implantation into the
uterus, the body makes adjustments within itself to allow this to happen without any hurdles. For
the human body, an external embryo within itself is an alien entity. It is quite natural for the
immune system to observe it as something harmful and reject it. Therefore, the body ends up
suppressing the immune system’s response by cutting down the lymphocyte count, which allows
the embryo to implant successfully and grow into a fetus. Even during this stage, the body still
keeps the mother protected. Other entities such as granulocytes are activated, which temporarily
take on the duties of protecting the body from external attacks. Moreover, low value of
Lymphocyte may be attributed to monocytosis which help in preventing fetal allograft rejection
by infiltrating the decidua tissue (7th — 20th week of gestation) possibly, through Prostaglandin

E2 mediated immunosuppression (16, 66).

In the current study, RIs of Hgb (10.1-13.7g/dl) and HCT (33.49-45.98%) in the pregnant
women was higher than a study done in Lagos (Hgb= 9.08-12.80 g/dl; HCT=24.61-35.71%)
(67). In the contrary, the RIs of Hgb and RBC (3.45 x10%ul) in the present study was lower than
RI determined earlier in Addis Ababa (Hgb=13.3-14.7 g/dl) (55). The varied RlIs observed in the
above result probably could be due to altitude difference, in which the altitude of the current
study (2132 meters above sea level) was higher than Lagos (41m above sea level), but lower than
Addis Ababa (2355 meters above sea level). These increases appear to be the result of both
increased erythropoiesis which is secondary to the hypoxic stimulus and the decreased in plasma
volume that occurs at high altitude. Seasonal variations, diet, ethnic background, method and

instrument used for analysis may also contribute for the variations (8, 10, 14, and 63).

In the current study, the value of RBC count, HCT and Hgb showed a statistical significant
different between pregnant and non-pregnant women in which pregnant women had a lower
mean value (RBC=3.4x10%ul Vs 4.7x10%ul; HCT= 40.2% Vs 44.2%; Hgb= 10.9 g/dl Vs
13.8g/dl) than their counterpart. This result was expected and in line with other studies (37, 47,

51). This might be due to hemodilution. In normal pregnancy, there is an increase in
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erythropoietic activity. However, at the same time an increase in plasma volume occurs 40% to
50% over the non-pregnant state. This increases in plasma volume is more as compared to red
cell mass leading to ‘‘hemodilution’” and results a progressive decrease in hemoglobin level,
HCT and RBC count which creates a sort of artificial anemia called *‘the physiological anemia

of pregnancy’’( 8, 20, 68).

RBC count, Hgb and HCT in this study showed a statistical significant difference between
trimesters, 1% Vs 2™, 1% Vs 3, and 2™ Vs 3" trimester of pregnant women. The mean and Rls
of RBC count and Hgb were higher in 1* trimester (Hgb=11.1 g/dl; RBC count= 3.94x10%ul),
low in 2™ trimester (Hgb=10.4 g/dl; RBC count= 3.45x10%ul) then higher in the 3 trimester
(Hgb=11.9 g/dl; RBC count= 3.79x10%ul) and similar trend was observed with a study
conducted in Sudan (54). However, in this study, the mean value of HCT decreased as
gestational age increases and this finding is consistent with other studies (42, 47, 48). The value
of Hgb varied with gestation age due to hemodilution. The high Hgb levels in the first trimester
are subsequently lowered by hemodilution in the second trimester while compensatory
mechanisms (maternal plasma volume reduction and increased atrial-natriuretic peptides) raise
Hgb in the last trimester. The increased plasma volume, hormonal changes and conditions that
promote fluid retention contribute for reduction of HCT values as gestational period advances

(20).

The pregnant women RIs of MCV in the current study was higher than study conducted in
different countries (37, 45, 55). The upper and lower limit of MCH RIs in this study was lower
than a study reported from Gondar (42) and Addis Ababa (55), but higher than central Uganda
(51). In addition, the upper and lower limit of MCHC RI in this study higher than central
Uganda(53), and lower than Addis Ababa (55) and Northwest Morocco (37), China (40). These

discrepancies might be due to Altitude, nutritional factor, method and instrument used (10, 63).

The current study also demonstrated a statistically significant difference between pregnant and
non-pregnant women in the value of MCV, MCH, RDW-CV and RDW-SD, and similar results
are documented in Northwest Morocco (37) and Beijing (47). Pregnant women had higher mean
values of MCV (94.71 Vs 92.3 fl), MCH (30.3Vs 29.7 pg), RDW-CV (14.9 Vs 12.31) and
RDW-SD (48.98 Vs 45.5) than their counterpart. When analyzed by trimester, the value of MCH
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and MCHC showed no statistical significant difference between trimesters, but MCV, RDW-CV
and RDW-SD showed a statistically significant difference between trimesters. The mean value of
MCV increased as gestational period advances that is consistent with other study done in Gondar
(42). Higher mean value of MCV in pregnant women and increment as gestational period
advance may be due to increased production of RBCs to meet the demands of pregnancy, and
result a higher proportion of young RBCs outpouring from the hemopoietic organ, which are

large in size (21).

The lower limit of platelet count Rls in the current study is lower than the limits reported from
Gondar (42), Addis Ababa (55) and Central Uganda (51). However, the upper limit of platelet
count Rls in the current study is higher than in other areas (42, 51, 55). Similarly, the upper and
lower limit RI of MPV is higher than a study done in central Uganda (51), but lower than
Northwest Morocco (37). Among the plausible explanation for these findings is that the variation
of geographical location, genetic background and nutritional factors contribute for the different

RIs documented (69, 70).

The observed statistically significant difference between pregnant and non-pregnant women in
the values of Platelet count is in agreement with the result of Abi-state Nigeria (50), Libya (48),
Northwest Morocco (37), Beijing (47) and China (46). In addition to this, the value of PCT and
PDW showed a statistical significant difference between pregnant and non-pregnant women.
This finding is consistent with the results of past studies in Northwest Morocco (37) and Beijing
(47). Pregnant women had higher mean value of MPV and PDW than non-pregnant women.
However, the mean value of platelet count (255.3 x10°/ul Vs 310.4 x10°/ul) and PCT (0.216 Vs
0.269) were higher in non-pregnant women than pregnant women. Low mean value of platelet
count in pregnant women may be due to multiple physiological changes. Dilution of platelets by
the increased plasma volume that occur during pregnancy is an apparent mechanism (71). In
healthy, non-pregnant adult women, one third of all circulating platelets are transiently pooled
within the low flow-rate circulation of the splenic sinusoids; an increased spleen size results in
more pooling of the platelet and a lower platelet count. Therefore, the 50% increase in spleen

size that occurs during pregnancy (72) would also contribute to a lower platelet count.
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As summarized in the annexed table (annex-XXVIII), the RlIs of platelet count in the current
study showed similar trend with study conducted in Gondar (42), Sudan (54), central Uganda
(51) and china (46) in which platelet count RI decline as gestational age advances. The mean
value of platelets decreased with gestational age. This may be due to the continuous expansion of
the uterine wall during pregnancy to accommodate fetal growth. This causes laceration of blood
vessels at the uterus leading to massive hemorrhage. The primary haemostatic plug where these
tears occur is formed by platelets. Gestational thrombocytopenia is due to increased platelet
destruction by their activation and increased clearance. Hemodilution also contributes to
gestational platelet reduction (20, 21). Although the average platelet count decreases
monotonically in pregnancy, there is an increase in platelet aggregation especially during last 8
weeks of gestation. It has been reported that there can occur significant fall in platelet count from
32 weeks gestation onwards. Increased consumption of platelets as well as decreased life span in
the uteroplacental circulation has been suggested to be the explanation of the reduction in the

number of circulating platelets during pregnancy (73).

The proportion of out of range values in the current study showed that 19.1%, 19.3%, 23.8%,
26.4%, 27.8%, 43.3% and 44.9% values out of range values were observed in WBC count, PLT
count, Hgb, Gran#, Lymph%, Gran% and MCHC, respectively. The lowest proportion of out of
range value was found in MID# (1.3%) and RDW-CV (1.6%). Misclassification of pregnant
women in the value of WBC and Hgb out of range values consistent with earlier study in China
(40). This could be increase the risk of overlooking important physiologic alterations resulting
from pathological conditions. In addition, it increases unnecessary and potentially dangerous

therapeutic actions without determining the real cause of the abnormality.
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8. Strength and limitations of the study

8.1 Strength of the study

The strength of the study includes:

>

Recruitment of the study participants from highland and lowland dwellers in order to
accommodate the effect of altitude on some of the hematological parameters.

The use of sufficient sample size for each trimester as per CLSI recommendations, which
is a limitation of most of the earlier studies.

The use of multiple parameters to screen and recruit the reference individuals for the final

RIs determinations.

8.2 Limitations of the study

Although this study meets the minimum CLSI requirements for establishing valid Rls, few

limitations were existed:

>

Lack of screening of multiple pregnancies due to resource limitations. It is, therefore,
likely that some participants with multiple pregnancies were included in the study, which
may influenced the results to some extent.

Unequal study subjects were included in each trimester (1, 2" and 3™) with regard to
iron/ folate supplementation usage.

Our research design did not allow to follow up any pregnant woman through all the three-
trimesters to establish the physiological changes.

Rapid test was employed to screen HIV, syphilis, Hepatitis and inflammation, which is
limited to screen early-acquired infectious agent.

This study is limited to one group of population i.e, women (pregnant and non-pregnant)

in one locality and cannot be used for other populations in Ethiopia.
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9. Conclusion and Recommendation

9.1 Conclusion

The present work constitutes a first attempt for determination of hematological parameters Rls
among apparently health pregnant and non-pregnant women living in South Wollo Zone,
Ambhara region, Northeast Ethiopia. The findings of this study highlight the pregnant women
hematological parameters Rls differ from Ethiopia and other countries. Furthermore, variation of
hematological parameters between pregnant and non-pregnant women and significant changes in
some of the hematological parameters at different trimesters of pregnancy in pregnant women
was confirmed. Therefore, this suggesting the need for such establishments of local reference
intervals for different populations and clinicians familiarity with this pregnancy related
physiological changes in the hematologic system would encourage an optimal management of
maternal and fetal medical care. The finding of this study also could be good resources to

prepare and update guidelines, and for interpretation of laboratory data in further studies.

9.2. Recommendation

— Patient management and interpretation of laboratory findings of pregnant and non-
pregnant women should be based on the locally derived hematological parameters Rls
and suggested to be utilized by all health facilities of south wollo zone.

— Changes in maternal hematological parameters during pregnancy were confirmed. We
recommend that the reference intervals for most hematological parameters be revised to
account for the gestational period.

— We recommend conducting similar nationwide study to determine the hematological
parameter Rls of pregnant women in Ethiopian population as a whole.

— Further research is needed on other hematological tests including erythrocyte

sedimentation rate, reticulocyte count and coagulation tests.
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10. Annex
Annex-I: Information sheet for Non-pregnant women aged 15-17 years

Project Title: Determination of hematological parameters RIs among apparently healthy

pregnant and non-pregnant women of south wollo zone, Amhara region, Northeast Ethiopia.
Project PI: Mesfin Fiseha (Bsc, Department of Medical Laboratory Science)

Organization: Health centers, Woreda health office, South wollo health department and Amhara

public health institute Dessie branch
Introduction:

Hello! My name is and I am a final year master student in Addis Ababa

University, college of health science, Department of medical laboratory science in hematology
and immunohematology Track. I am conducting a study to determine hematological parameters
RIs among apparently healthy pregnant and non-pregnant women of south wollo zone, Amhara

region, Northeast Ethiopia.
Purpose of the research:

The health laboratory plays an indispensable role in the health care system. It supports diagnosis
(to rule in or rule out a diagnosis), monitoring of response to treatment, epidemiological
surveillance, prevention as well as Research (to understand the pathophysiology of a particular
disease process). Especially there is lack of local reference interval for indigenous population.
Therefore, the purpose of this proposed study is to determine hematological parameters RlIs
among apparently healthy pregnant and non-pregnant women of south wollo zone, Amhara

region, Northeast Ethiopia.

You have been chosen for this study as well your guardian/family has been asked and gave
consent for your participation in the study. Therefore, we invite you to take part in this study and
contribute to the establishment of indigenous Rls. It is needed for providing quality laboratory
service. Thus, result from this study is anticipated to improve the health status of the pregnant

and non-pregnant women in south wollo zone.
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Procedures:

After agreeing that you can take part, one or more of our research staff will visit your home on a
certain day and ask you/your parents some questions that will take up to 15 minutes. Your
weight, height and vital signs will be measured. You will be asked to provide urine and fresh
stool on a particular container we provide. We will also collect 4 ml venous blood from you by
sterile-disposable Vacutainer tube and needle in tube containing EDTA. We will conduct
laboratory examination to determine different serological, parasitological and hematological

parameters. Leftover specimens will be stored for further analysis.
Confidentiality:

The information obtained during the study will remain confidential. Disclosure of any of the data
to third parties other than those allowed in the informed consent form will not be permitted. The
results of the research study may be published, but participants’ names or identities will not be
revealed. To maintain confidentiality, the investigator will keep records in locked cabinets in a
locked room at the office and the results of the tests will be coded to prevent identification of the
volunteers. Access to data entered into computerized files will be permitted only for authorized
personnel directly involved with the study and will be password protected. Individual-specific
information may be provided to responsible local medical personnel only with your permission.
Urine, stool and blood collected will not be used for other purposes. The left over specimens will
be stored at the department of Medical Laboratory Sciences of AAU in a secure place for
additional tests as needed. Finally, all the biological wastes, after analysis will be safely disposed

in an environmentally friendly manner.
Risks and Discomfort:

There will be minimal discomfort in giving urine and stool specimens. However, there might be
some minimal risk and discomfort when we take venous blood. Nevertheless, we will try to
minimize the discomfort as much as possible, as the blood specimens will be taken by

experienced laboratory professionals.
Safety:

The venous blood specimen will be collected using sterile Vacutainer tube/syringe and needle by

experienced health professional after disinfecting the site of puncture by 70% ethanol. Moreover,
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leftover stool, urine and blood specimen (that is not stored) will be discarded following the

guideline of bio-safety.
Benefits:

By participating in the study, you will directly benefit by being investigated for any pathogenic
organisms and other clinical and hematological abnormalities. In the future, the established
reference interval will help to improve the health status of pregnant and non-pregnant women in

the community.
Incentives:

Any positive finding in your stool/urine/blood will be taken care of by referring you to the
nearby health institution; you will get all the laboratory investigation results for free. However,
we will not pay you for taking part in this study as well as your treatment costs. Nevertheless, we

will thank you for your participation.
Right to refuse or withdraw:

We assure you that our best care will be taken if you agree to take part in the study. You should
also know that you are free to withdraw from the study at any time and that you will not be

discriminated in any form of service like health.
Whom to contact:

If you have any questions, you may ask the person whom you are giving your urine, stool and
blood or the PI of the study or the investigators/focal persons using the following addresses:

1. Mesfin Fiseha, PI: 09 12 997130

2. Dr Aster Tsegaye, Focal person 09 11 696085

IRB address: Addis Ababa University, College of Health Science +251 -11-896-13 96
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Annex-11: 15—17 Gaot( 1GAMC LAV (BT ) AP 000LF $o

eTCEhE Con: “NeNN @ HY AC A“LTF 1$0AMC ATHT AT 190M-C LA BT AT PG99 AD- L9°
OQAT PTLTT PBIPACE, ANLPS FPCaPE-PT aoMT 64.4710 A HCAN aohet’

CTCEhEPGTaPLT94: 0007 &0Y (LAOAZNVNIPT ANGF6 ALTIN)
2Pt G NOLIDOLES MG X/0 TN Dhe HT MG 9P9°8L hG A91¢- VNN MG +PI° LAPCTRSG
an°)(1.9:

ms LATAT! (7Y 10 (A0 AN RLACAEIMS 4270 hAS UhIPS ANG-F4 4L
FIVCTE NEA LPmuld havt PUNTE €914 +914 T N8N O HY AC ATLTE 19AMC AGHT AG
190M-C LA AT PMGoT AD- £I° DT LTULTT PRTIPACE, ANGRE TPCaL-PT avmT 44.470 A rHCAA
AaPALA OHE OHALE ANONLPT PG APNLEN: 10+

PIPCIC TG AATT:

PUNICG ANCPS NMSD+ ATANT O-AT hG+T TG LBMIA: :9°CaPLT ATILIT1TPIVAPTT Aav&Y 1T
AT aOMFFO7 DA AT NAFPTFT Ac T ATIPSHFNGF Agvhahd AT AANTLFPTF Iorp
PCIC ATILL AFPOP LLCIA::NTALI® NA1LTT PMSGTT AD« PANLHS Dyt TIDSLLL 44.L70
APEFCAA PAC::AAPI® PHY TST %ATT (20N Ofe HY AC ATLTT 190MC AP AT 19AMC PAU-
AT PMGTT A0+ £I° DT PTLTF PLIIRACE, AL TPCaPL-PT avmy 44.470 K.rHCAA AaPhi-t APEIP
(LY TGF A&FATe AeONHT OALTFA 2.PSFO<7 1AOPA::AAHY (LY TG+ Nevate OHGTFY @-OT
ATLALD- MG D £I° D-OT PTLTT PRIIRNCE, ANCRE PPCaPe-PTF M-t TIDELEL 44.670 WrHCAA
ATPALA AOATPOP W28 F LT TINHAN: : QUIP Tévt LAD- PANLHS ATNINT ATPAMT ANLAT 10+ :AAHY
PHY TG @Mt OHE OO ATLTT 190M-C AGPT AG 1GAMC PAPE (T mG7 ATTATAA 8454 ::

ePetAnZL:

07PSt Aovate nFAT970 PTG E AQNANAT 15 LP PTLOAL TR LMBEAN: :N-N& i RavTi0a0-pt A
PRI Adrt At LOASAN::TITTS ARIICLC NI°I0OM@* AP A TOBT WImBFPAT: 10 169 4 TLA.

AFC 076V Aheb2IC NAPTIOPCE, AG LI° AT8LL4D 91.LRCA 1Tl TIC AT el £9° LOASA::
PLIPRACE. I LCAPE, AS T (LPORE, PCave-P T ATNL8AY::

ATC hdeemP:

OHY TF 2900000 9228 g+t NTLATC 2m0PA::aP28 (HY PO Po N PLD- <¢h, AOOTT D77
TANE ALATI?::RHY TG @t AJHI° EFAN TIC U7 PTGk HAFAPT O9°F T175 @0 av\ P hLINGI::
TNPEPRrET AP PHY TG ANAT aolGPTT (FSAL hed 1 TPAd NLET 00T LOPIPMNIPLPLT
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TAFLPTT 7T ANTINOP O AT Ane: eharAn::NNIPTRHC OO AtPaPme 4LAT ATTER
ta T PTF AF PTLPES NTLATC BAE PULmOE LUPGA: AT DMt AVNIPS QAP AFANG
PILFAD NFAF LD &L AF 10-::0HANAND- TFHFIGRITPRCT LI° AMA ATNNT ALD-AI: : 09+t
Gav-GPT (A% ANO LLACHE VPG ANCPS UG hed LUs 0 +PPPmd- Atenls IPCavl-PT
ATCANCALIFD- PPI° AL L-AN::(1PRLLAT HACPVFD- Ohidd 0914 Gav-GPTF AT N77LNhA
aht 0779 L0180 ::

Tk PLLANTAT @ ST ICTT hATPavFt:

Arhs 9219°8C (ramt P7LLCA aPmiT ANGPavFt AFC STFAN:PTI® L9° N1PS0T 1LH a°mis
a8 TG eHOOT AATPaTF T \SC &TAN: QU7 W78, (FFA aom? AL PAD- PANC-E4 QAL (19PmPbg®
ANTPaDFETy AdPi WTPhENT

LVTrt:

PL9° Gav-¢ (@AL' LH 76~V PLI° aodF (lavMmPI® P99 8@ (13 170% AADA 17985 AL NAD-
0A9PP LNSOGA:: (M FenT149° TPI® AL NPA (A ATINPIPT LTI P14 PARIPLCINTT AG LJ°
FeePT PANG4 LU avavs @ avrtd D18 ¢::

PPTYPPIOTF:

OHY TSF Oeedte ANGT A9%h, TUPALTILIPS N7t I°Cove- 199841 P 1t U T10P L FAN::(HY
OOT AYLTT 1FAMC AGTPT AT 190AMC LAV (T PMG9T D+ LI° M-OT PTLTT L291PAR8, ANG-Fé
JOCaDLPTF avoM7 64.L70 A rFCAN aP(i-E PHET PuS U373 ATTAAA L84 ::

0PEAPATETITLE:

NaeIgeC: Ort AS L9° I°Cavs MG 1 PAPT Omt 0T NAPLNO L TU7T% MG +R9° TANLAT:
PANLS Oy EY N19 FTLLAN::2U<7 A78. (YU TG AGPATEI® (P1 AarLYyt h& P ALATI: :ANTATEN
U7 hGIPATT0 T

P0G av-)t:

(LY TG FATER PFAID7 vt A7THN0 ATRCIAT 0915 D-9° A% PGk @D KILTLFAG LUI°
OPFTTO/ LD A1t AL (ATPAN PG ATNNT) TOUI° ALY ARTT ARLLATO::

P& hA A7101C:

gog° G0t pPE A P94LILCIATT AT PLI° GavG PAMNM-T (@ aomPP LFAN ®LI® eTCeht: PG
+av4.99477 RI° +mé NTLNTHAD- h8:2-a aomPP FAA::
1. aoO(&7 07 avs +avl.oq 09 1299 7130
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2. &/C hOvBC 80% Tmé 09 11 696085

&40 ANA LZ0CHE PmS 427 DAE PIPCIPC M19°10C (LC dh:+251-11-896-13 96

Code number

Annex-III: Assent form for Non-pregnant women aged 15-17 years

I have read the information above, or it has been read to me. I have been given the opportunity to
ask questions and my questions have been answered to my satisfaction. I voluntarily assent that I

would participate in this study provided my parents/guardians give their consent.

To give my stool [ ]

To give my urine [ ]

To collect my blood [ ] and be a participant in this study and understand that I have the
right to withdraw from the study at any time [_|.

Print name of participant, date and signature or thumb impression of participant

/ / (dd/mm/yy)

If illiterate;
Print name of independent literate witness, date and signature of witness (if possible, this person

should be selected by the participant and should have no connection to the research team)

/) (dd/mm/yy)

Phone number (parents/guardians)

Print name of researcher, date and signature of researcher

/ / (dd/mm/yy)
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Annex-1V: 15—17 4 oo 1&0m-C LAV T POI°I°1T Po

hAL eH10007 aol8 ATLAAY- /ORI HINATA::PEE AomeP 0&A TOATHT med No1.ech avhh
FAOAOAGTA::OATE AANEPS L4 (Y TG AdPAH +OATIOFAD-::

PaL19°8:C Gav-G Aot |

PO Gav¢ Aaoamt] ]

L9 aavp8t ]

AS (Y T HAFE APPINTTE D90 A% DTG AaPD- N a1 WI8ATI +LLeFAv .

PHAFd AT°IPT AT LCTT (ORI° hic-) hiv 3T 294

/ / (FHOC/ 90+ LT)

20195 WP
eI WNAFE ATTT A@< (9°F PG 4CTT (HFA U A0+ (1 HAFELD- (ool TS havdald WAt IrTrE

PAAD- (LUPT)
/| (#OC/3a0 1900 F)
AAN ETC (POAS: ORI® AAST)
P havs.asm- NIPI PG 4.COT
/ (#OC/3a0 1oV F)
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Annex-V: Information sheet for pregnant and non-pregnant women (=18 years)

Project Title: Determination of hematological parameters RIs among apparently healthy

pregnant and non-pregnant women of south wollo zone, Amhara region, Northeast Ethiopia.
Project PI: Mesfin Fiseha (Bsc, Department of Medical Laboratory Science)

Organization: Health centers, Woreda health office, South wollo health department, Amhara
public health institute Dessie branch.

Introduction:

Hello! My name is and I am a final year master student in Addis Ababa

University, college of health science, Department of medical laboratory science in hematology
and immunohematology Track. I am conducting a study to determine the hematological
parameters RIs among apparently healthy pregnant and non-pregnant women of south wollo

zone, Amhara region, Northeast Ethiopia.
Purpose of the research:

The health laboratory plays an indispensable role in the health care system. It supports diagnosis
(to rule in or rule out a diagnosis), monitoring of response to treatment, epidemiological
surveillance, prevention as well as research (to understand the pathophysiology of a particular
disease process). Especially there is lack of local reference interval for indigenous population.
Therefore, the purpose of this proposed study is to determine the hematological parameters Rls
among apparently healthy pregnant and non-pregnant women of south wollo zone, Amhara

region, Northeast Ethiopia.

You have been chosen for this study. Therefore, we invite you to take part in this study and
contribute to the establishment of indigenous reference values. It is needed for providing quality
laboratory service. Thus, result from this study is anticipated to improve the health status of the

pregnant and non-pregnant women at large in south wollo zone.
Procedures:

After agreeing that you can take part, one or more of our research staff will ask you some
questions that will take up to 15 minutes. Your weight, height and vital signs will be measured.

You will be asked to provide urine and fresh stool on a particular container we provide. We will
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also collect 4 ml venous blood from you by sterile-disposable Vacutainer tube and needle in tube
containing EDTA. We will conduct laboratory examination to determine different serological,

parasitological and hematological parameters.
Confidentiality:

The information obtained during the study will remain confidential. Disclosure of any of the data
to third parties other than those allowed in the informed consent form will not be permitted. The
results of the research study may be published, but participants’ names or identities will not be
revealed. To maintain confidentiality, the investigator will keep records in locked cabinets in a
locked room at the office and the results of the tests will be coded to prevent identification of the
volunteers. Access to data entered into computerized files will be permitted only for authorized
personnel directly involved with the study and will be password protected. Individual-specific
information may be provided to responsible local medical personnel only with your permission.
Urine, stool and blood collected will not be used for other purposes. The left over specimens will
be stored at the department of Medical Laboratory Sciences of AAU in a secure place for
additional tests as needed. Finally, all the biological wastes, after analysis will be safely disposed

in an environmentally friendly manner.
Risks and Discomfort:

There will be minimal discomfort in giving urine and stool specimens. However, there might be
some minimal risk and discomfort when we take venous blood. Nevertheless, we will try to
minimize the discomfort as much as possible, as the blood specimens will be taken by

experienced laboratory professionals.
Safety:

The venous blood specimen will be collected using sterile Vacutainer tube/syringe and needle by
experienced health professional after disinfecting the site of puncture by 70% ethanol. Moreover,
leftover stool, urine and blood specimen (that is not stored) will be discarded following the

guideline of bio-safety.
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Benefits:

By participating in the study, you will directly benefit by being investigated for any pathogenic
organisms and other clinical and hematological abnormalities. In the future, the established
reference interval will help to improve the general health status of pregnant and non-pregnant

women in the community.
Incentives:

Any positive finding in your stool/urine/blood will be taken care of by referring you to the
nearby health institution; you will get all the laboratory investigation results for free. However,
we will not pay you for taking part in this study as well as your treatment costs. But, we will

thank you for your participation.
Right to refuse or withdraw:

We assure you that our best care will be taken if you agree to take part in the study. You should
also know that you are free to withdraw from the study at any time and that you will not be

discriminated in any form of service like health.
Whom to contact:

If you have any questions, you may ask the person whom you are giving your urine, stool and
blood or the principal investigator (PI) of the study or the investigators/focal persons using the
following addresses:

1. Mesfin Fiseha, PI: 09 12 997130

2. Dr Aster Tsegaye, Focal person 09 11 696085

IRB address: Addis Ababa University, College of Health Science +251 -11-896-13 96
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Annex-VI: 18-990+4 hH.? NAL AP 1FAMC ASEF AT 19AMC AAPE (BT 9008 Pb

eTCEhE CoN: “NLN-0 D HY AC ATLTF 1FAMC ATHTF AT 19AMC PAPT (T BT Pm597 a@- L9°
@OQT PILTT P2IVPOCE, ANGFS FPCaPL-PTF adMy 64.4730 K. rHFCAA avadt’

eTCeht: PG +avl994: av(&7 &Y (L& O (F QYhIPT ANG-PS AL70)
+ Rt .G ML W24 MG &/LTFLNN Ohe HY MG a4 hT e YN MG TPI° Lo, PCTRG::
ao9)() f:

MmS SATAT! 09D 10-::0A%0 ANO RZACOHEIMS 4270 DAL vhI°e ANg-Fé 487N

TUCT NEA POoRLA Aot CUAEE &914 914 Th:: “0LN-N @i HY OC ATLTT 19AM-C AGPT A
19AMC POV BT AT PMGTT A0+ £I° O-AT PTUTT PRIIRNCE, ANGRE IPCaPe-PT aomT 44.4710
ArHCAA aost OHE OHALE ANANPT TG+ APNEL D 10-::

PIPCI°C TGk AATT:

PURTCS ANCRS MNSD AT O-OT NGTE T1G LROFA:: JPCaET ATILIITE Yav-9T7 Aav LY AT
AT AN FOT A AT18:40E TP TFT ACHT AP NTF AcPhahd AS AANTPT o7
PCIC AT AOATPeP PLCIA:: (AR NA1L-TT PMGT] A< PANGFSE DMyt TIaP8LLL 44.L7N
APFCAA PAP:: AAUPIYR PHY TST GAT) (120N @ HY AC ATLTT 190MC AGHT AT 19AMC PAU-
AT T PmGT A0« £I° O-AT PTUTTE PLIPRNE, ANGRE JPCaPe-PTF aomy 44.4770 WrHCAN avhit

ACAPI® ARV TGT FarCmi) A AAHY ALY TG Nevate (HGTFT @A ATLACD: 1GAMC ATRT hG
19AMC PO AT PMGTT Q@< LI° @AT PILTT PLIIRNE, ANLHS IPCAPLPT @yt T1av8LLP
68L70 WHCAN AP AOTPEP WILFLCL TIOHAN:: LU Tt PAD fANLAS AIAINCT
AgPAM T ANGAT, 10<:: AAHY PHYU TG+ Omot (HE OO ATLTE 190MC ASPT AG 1GAMC AP (Pt
M7 ATTAAN LA

PTG AL

OPGE APATE NFATITTA PTG R AQNANAT 15 L&P PT.00L TP LMEEAA:: DL : kavt: Pav-prt
AG 2290 “rt At LOARA:: TIPFG ARIPLC N INM®D- AP WILFAMYRT AImSPAY::F (HenT14°
4 T, AC 070V A-ERIC NAPTIAPCE, WG LI° WT8LLD 710807 1T T1C AANT 42 L9° Sbak::
PELIPRNCE T LCACE, WG TGRS, JPCoaPe-PFT hGNLANT::

ATC AATPMNP:

OHY TG 27LA00N 9228 Qoo NTLATC SO PA:: avl8 (IHY APt Po NHePLd M-, AONTS
O77 TAANE ALATI?:: PHY TG @t AJH° &TAN TIC U7 PTGk HAFLPT Q9T T D90 avh @
ARINGIC:: TLATERTET AP PHU TG AOAT aolEPFT FeAd hed OFeAd Mzt @-aT
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Padgnn: 0PLE AHAFLPTFT VT ANTIAOP O-mATI (g epavdpe:: (NIPTRAC @-AT
Atbaome 20T ATGER +avsTLPT NF P1LPSE NTLATC AT P7lnNE LPGA:: e+Add @t
AURIPS QAP AFANE PULTFAD- (FAF4D- 498 NF 103 eHANAND: TrE: Ge19°8CS L9° AdA
AT ALD-AIC:: 09N A4ChT GarGPF (ALA AN RZACHT V9P ANC-P4 TPUCT hed Lus N
TP A6 PPCaPEPT K18 ANGALIFD PPI° AL LD-AN:: 9PRLAIC HACROVFD Otindd
07,84 Gav-GPT ANO(L7 (1978004 Al N T7PE SO

Tk ULLONFATD: 0G FIACTT hAaPavTF;

Arhe GgI°&C (eamt P7.8C0 aPmis hAgvavFt ASC STAh:: PSP L9° (7L+80F LH aomis
a8 TG OHDAT AAGPaDFF ASC 2TAN:: U7 ATE, (FFFA aom7 ATPL: PAD- PANC-RS OATPE (1aPm$b9®
ANTPADFETy ATPPIN WTPNENT

LVTrt:

PLI° Gav-q NTLOAL (T LH 076V PLI° avPl Navmdd® o1 P8D<7 (13- 170% AADA N7164F AIPL AAD-

QAP LNGOGTA:: (e T8I TPI° AL NPA (71.A A“IOPaPT PTICP 90,84 PALITOLCE TrE AT L9°
Tl PT PANCGFS LU avavs P oot L0180 ::

PPIY PPIOT:

OHY TGt Novdte ANGF AT°h. TUPALT: £9°G O7F I°CavL- N91L:4° STt Uz TI0P LFAN :(HY
OOT A“LTF 1RAMC ATHFT AS 190MC PAPT T AT PmS9l A0+ L9° AT PTLTT P%99FN8,
ANGF6 FPCaPEPT aoMmT 84.8750 WrFCAA avact: PHEY 0muG U3 ATTAAN .48 ::

N7PGk Arate 9110

naeIgeec: A7k AS L9° 9°Covs- mS91 PLAPT Omt DFTY NAPLNED ®L 997% MS +E9°
FANAYSFANLATE PANGPS O meET (19GAV/FTLILAT:: U7 W78 OHYU TSF APATEI® Py
ALY NG ALATIP:: ANFATEN 17 ASIPACITATY::

P0aoA TG ao(t:

(LY TeF haren eFANI07 v A7h000 ASRCOAT:: (9159 A% PGk o@-AF KWIRTLFAS
LU (P°FTLE AININT AL (ATPAN PG ATNINT) TO79° ARTT ARYT ARLLAIO::

7% hA AT71,0C:

goyg0 G PPE A P94RI9°eCT U7 AS © L9° GavG PAMNO-7/PAMAD7 QD+ apmPP L FAN ®LI°
PTEEhE PS +avla18T ORI° +00SPFG NPEav 099 7T +0neF7 NTLNTAD- AL-A apmPP LFAA::
1. oPa&7 QY avé +avsa94: 09 1299 7130
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2. &/C hOvBC 80% Tmé 09 11 696085

&40 ANQ 2ZACHE PmS 4270 DA PI°CIPC M19°10C (LE hdh: +251 -11-896-13 96

Code number

Annex-VII: Consent form for pregnant and non-pregnant women (=18 years)

I have read the information above, or it has been read to me. I have been given the opportunity to
ask questions and my questions have been answered to my satisfaction. I voluntarily consent that

I would participate in this study.

To give my stool [ ]

To give my urine [ ]

To collect my blood [ ] and be a participant in this study and understand that I have the
right to withdraw from the study at any time[_|.

Print name of participant, date and signature or thumb impression of participant

/ / (dd/mm/yy)

If illiterate;
Print name of independent literate witness, date and signature of witness (if possible, this person

should be selected by the participant and should have no connection to the research team)

', (dd/mm/yy)

Phone number

Print name of researcher, date and signature of researcher

. (dd/mm/yy)
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Annex-VIII: 18 9ao AG DL (AL AVF 1FAMC ATPT AT 1€AMC LAV AT 00O PO

nAL PH100@<7 aoZB8 RrlLAAU- /@LI° HINATA:: TP AdomeP OLA TATFT med N99.040 aoAh
FaAMATA:: (Y TG ARG (.PL7YT AT FAD-::

PaL19°8:C Gav-G AavAmt_|

PATF Gav-g Aaoam]

Lgo aavp8t [ |aS HY Pt tadd AP (TEOP A%F reE Ao-Mt ao(
AT AL Fau [ ].

PHAZd AP $7 AT &CTT (ORI WiC) hiLY OF-T 294

/ | (@Yac/aaot et

Lot NP
P AT AT A@- a9°F PG 40T (HFA 8V A« OFAF40+ (.02 TS hrtardols AOAT 15T
PAND- (LIP7Y)

. (dd/mm/yy)

adh €17C

P rav-Tem- AP PG 4.CT

/ / (dd/mm/yy)
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Annex-IX: Information sheet for Parents/ Guardians

Project Title: Determination of hematological parameters RIs among apparently healthy

pregnant and non-pregnant women of south wollo zone, Amhara region, Northeast Ethiopia.
Project PI: Mesfin Fiseha (Bsc, Department of Medical Laboratory Science)

Organization: Health centers, Woreda health office, South wollo health department, Amhara

public health institute Dessie branch.

Introduction:

Hello! My name is and I am a final year master student in Addis Ababa
University, college of health science, Department of medical laboratory science in hematology
and immunohematology Track. I am conducting a study to determine the hematological
parameters RIs among apparently healthy pregnant and non-pregnant women of south wollo

zone, Amhara region, Northeast Ethiopia.
Purpose of the research:

The health laboratory plays an indispensable role in the health care system. It supports diagnosis
(to rule in or rule out a diagnosis), monitoring of response to treatment, epidemiological
surveillance, prevention as well as Research (to understand the pathophysiology of a particular
disease process). Especially there is lack of local reference interval for indigenous population.
Therefore, the purpose of this proposed study is to determine the hematological parameters Rls
among apparently healthy pregnant and non-pregnant women of south wollo zone, Amhara
region, Northeast Ethiopia. Your child has been chosen for this study. Therefore, we invite you
and your child to take part in this study and contribute to the establishment of indigenous
reference values. It is needed for providing quality laboratory service. Thus, result from this
study is anticipated to improve the health status pregnant women and non-pregnant women at

large in south wollo zone.
Procedures:

After agreeing that your child can take part, one or more of our research staff will ask you some
questions that will take up to 15 minutes. Your child’s weight, temperature, height and vital signs
will be measured. Your child will be asked to provide urine and fresh stool on a particular

container we provide. We will also collect 4 ml venous blood from your children by sterile-
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disposable Vacutainer tube and needle in tube containing EDTA. We will conduct laboratory

examination to determine different serological, parasitological and hematological parameters.
Confidentiality:

The information obtained during the study will remain confidential. Disclosure of any of the data
to third parties other than those allowed in the informed consent form will not be permitted. The
results of the research study may be published, but participants’ names or identities will not be
revealed. To maintain confidentiality, the investigator will keep records in locked cabinets in a
locked room at the office and the results of the tests will be coded to prevent identification of the
volunteers. Access to data entered into computerized files will be permitted only for authorized
personnel directly involved with the study and will be password protected. Individual-specific
information may be provided to responsible local medical personnel only with your permission.
Urine, stool and blood collected will not be used for other purposes. The left over specimens will
be stored at the department of Medical Laboratory Sciences of AAU in a secure place for
additional tests as needed. Finally, all the biological wastes, after analysis will be safely disposed

in an environmentally friendly manner.
Risks and Discomfort:

There will be minimal discomfort in giving urine and stool specimens. However, there might be
some minimal risk and discomfort when we take venous blood. Nevertheless, we will try to
minimize the discomfort as much as possible, as the blood specimens will be taken by

experienced laboratory professionals.
Safety:

The venous blood specimen will be collected using sterile Vacutainer tube/syringe and needle by
experienced health professional after disinfecting the site of puncture by 70% ethanol. Moreover,
leftover stool, urine and blood specimen (that is not stored) will be discarded following the

guideline of bio-safety.
Benefits:

By participating in the study, your child will directly benefit by being investigated for any
pathogenic organisms and other clinical and hematological abnormalities. To determine the

hematological parameters RIs among apparently healthy pregnant and non-pregnant women of

Page | 87



south wollo zone will be used in the future to improve the general health status of the pregnant

and non-pregnant women in the zone.
Incentives:

Any positive finding in your child’s stool/urine/blood will be taken care of by referring him/her
to the nearby health institution; you will get all the laboratory investigation results for free.
However, we will not pay you/your child for taking part in this study as well as for your child’s

treatment costs. Nevertheless, we will thank you for your participation.
Right to refuse or withdraw:

We assure you that our best care will be taken if you agree to take part in the study. You should
also know that you/your child are free to withdraw from the study at any time and that you/your

child will not be discriminated in any form of service like health.
Whom to contact:

If you have any questions, you may ask the person whom you are giving your urine, stool and
blood or the principal investigator (PI) of the study or the investigators/focal persons using the

following addresses:
1. Mesfin Fiseha, PI: 09 12 997130
2. Dr Aster Tsegaye, Focal person 09 11 696085

IRB address: Addis Ababa University, College of Health Science +251 -11-896-13 96
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Annex-X: AOAZT/hAO81LPT avlB

eTCEhE CoN: “NLN-0 D HY AC ATLTF 1FAMC ATHTF AT 19AMC PAPT (T BT Pm597 a@- L9°
@OQT PILTT P2IVPOCE, ANGFS FPCaPL-PTF adMy 64.4730 K. rHFCAA avadt’

eTCENE PT Ta0T14: P(&7 €07 ((Lh O (L7 (WDIPT ANC-FS AR7N)

+R2at: MG AL OL8 MmS K/NFLNHN Ofe HY MG av9°sP AS A9 V0400 mS TP Lo
PCTBG

ao9](1.0:

MmS SOTAT 093 10 (AN ANA RLACHEIMS 4270 hASIUNIPS ANg-RS a0 FIPVCT
NGA Paon.LA havt QU-ATS 8914 +974 Th:: N0 @A HY AC ATLTT 190MC AGPT AG 190M-C AU
AT T MG A< £9° O-AT PTULTF PLIMRACE, ANLS JPCaLPT aPMT 444710 WrHCAA Aarht
OHr HALE ANALLT TG+ APNLET 10+

PIPCIC 7GR AATT:

PUNTCS ANCRS MNSD AT O-OT NGTE T1G LROFA:: JPCaPET ATILIITE Yav-9T7 a1 AT
AT aPAMIFOT WA AT1840E NFPTFT ACHT AP NTF Achahd AT AANTPT o7
PCIC AT AT PeP PLCIA:: (AR NA1LTT PMGT] AD< PANGFSE Dyt TIaP8LLL 44.L7I0
APECAN PA°:: AAPII® PHY TST GATT (1L0-0 @ HY AC ATLTT 1$AMC AGHT AT 1§AMC PO
AT AT MG AD- £I° O-OT LTLTF PLIPRNCE, ANCT4 IPCaPe-PT aomT 44710 K.rHCAN Aavhi-t

1@-::

ASP AHY TGt teeCANT:: AAHY OHY TG Needtq  (HGT? 00T ATLACD P19AMC AT AG
19AMC PAPE PMGTT A< LI° MAT PTITT PLIPRACE, ANGPS JPCavLPT DMt TIav8LLL 4E.L7IN
ATHCAN AaPOgt AOTPEP WILFLCL HINHAA:: QUI° Tit PAD: PANCFS AIANCT APt
ANGAT 1@< AAHY PHY TG Ot OHF O-OT ATLTF 190M-CAGTT AG 19AMC PAPF MG ATTAAA
£0A0::

PTGk AL

0Pt AP ArAate  ntaTiee ek AQNKAAT 15 L& PM.00L TPE LmeePIN:: hLF !
av-pitiavi PNIL AT PRI° At At LOASA:: TTHS ALIPLC N°TOM@: AP WiLTAT7
AImSPATE P 16 4 TLA AFC 0760V AeERIC NP TIOPCE, AT LI° h780LD PILLLCA 1Tl
71C QAN 18 £I° LPGA:RETPRACEE BCAE, AG TEORNE, PCaPLPTT hTNL 40T
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TATC haeemNP:

(HY TGF P9LANAN aPZ8 Navte NTLATC SmOPA:: avZ8 (HY POIPPrE o e bLm- Men, AOATE
O77 FANE ALATIP:: PHY TG Ot A SFAN TIC 17 P76k TAFELPT A9°G T17Fm-g° av\P
ALINOP:: TILATLPIET APmOP PHY TGF ANAT o EPFT (teAL hed OFAd et @(P
LaPTNN: 0LPLE AAFAPTT TIVET ANTINOP O-mATIC AnE epard:i: NPT @-AT
Atbaome 20T ATGER 0Pl TP T NF P1LPSG NTLATC AT P7lnNE LPGA:: e+Add Ot
AURIPS QAP AFAAE PULTFAD- (FAFAD- 4.9 F 103 SHANAND- TPF: G219°8CS 29° AdA
RNt ALD-ATC:: 0N ACht GaGPF (AN AN RZACAT V9P ANPS TIPUCT hed LUs 0
tPPPM@* A6 PPCaPEPT K18 ANGALIFD PP AL LD-AN:: (9PRLATC HACRVFD Ol d
P984 Gav-GPT ANO(LT (1978004 Al N T7PE SO

TR PLLANTATD emG TICTT hAaPavFt:

Arhe GgI°&C Nramt P7.8C0 aPmis hAgvavFt ASC &TAN:: PSP L9° (71+80F LH aomis
a8 G PTOAT AATPIVFT ASC &TAN::: QU7 KT8, (FFFA a°m7 APL PAD- PANG-P4 QAP (19PMm$I®
ANGPavFETy AaoPi ATPNEN T

LVTrt:

PLI° Gav-q (1T.OAL(F LH 076V PLI° avPE (1a°M$I® PTLP{D-T (1 F 170%hADA (19164 AIPL AAD-

QAP LNGOGTA:: (e TI8I° TPI° AL NPA N71.A A“IOPaPT PTICP 90,84 PALITOLCE TrE AT LI°
e PT PANGHS LU avavs P oot L0180 ::

PP pPqOF:

OHY TG Qevate ANGT AT%h, TUPOLT: £9°G Tt I°Cavs- 1918491 P71t Ui d T910P S FAA::(HY
OOT A“LTF 1RAMC ATPFT AS 190MC PAPT T QT PmSal A0 L9° AT PTLTT P%99FN8,
ANGF6 FPCaPEPT a7 44.8750 WrFCAA avact: PHEY 0muG U3 ATTAAN L84 ::

O7rsE APATE TP

naeIgeec: A7k A L9° 9°Covs- mS91 PLAPT Omt DFTY NAPLND ®L 997% MS +Ee9°
FANAY/TANLATE PANGPS @ MAE? N19FTLOAT:: LU~7 W78, (HY TG APAFEI® P1 ALYt hef
ALOTI:: ANTATEN 17 AGaPACIGAY::

POaA-1§. ao()t;

(LY TF htahed eFAIO7 vt A7Th000 ASRCOAT:: (9159 A%F WGk @0 ATIRTLFAG
LU (P°FTTO /LD AT AL (ATPAA ST ATNINCT) I°79° AT AT ARRLATC::
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TE hA A7101C:

o9° 9Lt TEE A PAL2I9°CE ATT AT © L9° GovG LAMTNO7/PAMADT AD+ aPomPP LFAN DLI°
PTCEE PG +a018T ORI +HANSPTS (L PTUTTF +ONSTT NTUNTAD AL aomPP LFAN::
1. aPQ&7 &07 a4 +avs T4t 091299 7130
2. &/C hOvBC 80% Tmé 09 11 696085

&40 A0Q 2ZACHE PmS 4270 DA PI°CIPC M19°0C (LE Gdh:+251-11-896-13 96

Code No.

Annex-XI: Consent form for parents/guardians

I have read the information above, or it has been read to me. I have been given the opportunity to
ask questions and my questions have been answered to my satisfaction. I voluntarily consent that

my child participates in this study (provided he/she gives assent for children 15-17 years).

To give his/her stool [ ]

To give his/her urine [ ]

To collect her/his blood [_] and be a participant in this study and understand that I have
the right to withdraw my child from the study at any time [_].

Print name of participant, date and signature or thumb impression of participant

/ / (dd/mm/yy)

If illiterate;
Print name of independent literate witness, date and signature of witness (if possible, this person

should be selected by the participant and should have no connection to the research team)

', (dd/mm/yy)

Print name of researcher, date and signature of researcher

. (dd/mm/yy)
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Annex-XII: AOAZTF/Aa81LPTF 20991 P

nAL PH100@<7 aoZB8 RrlLAAU- /@LI° HINATA:: TP AdomeP OLA TATFT med N99.040 aoAh
FaAOATA:: AL AITATE HATIPPFAv-:: h 15-17 qoot AFF APr AL hhao19%F OHY 76+
WIS ATE A IRATE &.PLHIET M0TAY-::

PaL19°8:C Gav-G AavAmt_|

PATF Gavg Aot [ ]

LI° AL [ a8 OHY $GF +add Aerr: (917500 A% AL hPet AT+
ao(Vt WNTEATIIC L& FAv- [,

PHAF4 O9°F 7 AT 4CT (DRI WiZ) iy (T 294
/ / (¢7/0C/9a0t FoUET)

PAT9% NPk
P AT ATTT A@- a9°F PG 47T (HFA 8V AD« OFAF40+ (L.a24TS hrtardols AOAT 15T
PAND- (LUP7Y)

. ($YOC/9a0 PULT)

adh &7C

P rav-T1em- AP PG 4.CT

/) (dd/mm/yy)
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Annex-XIII: Questionnaire

Questionnaires to be filled by health professionals

INSTRUCTION:

First, I would like to express my appreciation for your time and cooperation to fill this

questionnaire. The aim of this questionnaire is to gather information for Determination of

hematological parameters RIs among apparently healthy pregnant and non-pregnant women of

south wollo zone, Amhara region, Northeast Ethiopia. The idea of this research generated by

principal investigator Mesfin Fiseha and it is under the guidance of Addis Ababa University,

college of health science, department of medical laboratory science. Therefore, the success of

this research relies on you by providing timely and accurate information upon request. Finally

you are kindly requested to answer the questionnaire honestly and responsibly.

Part I. General information

Code Number Region Zone
Woreda / city /_sub city Kebel
Part II. Personal information
1. Age (in years)
2 Sex
3. Place of Birth
4.  How long do you live in this specific area?  years
No. Questions Responses

Part I11. SOCIO-DEMOGRAPHIC INFORMATION

Educational status

—

w»ok »w N

[literate

Read and write
Primary (1-8)
Secondary (9-12)

College diploma/degree and above
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6 Occupation 1. Student
2. House wife
3. Government employee
4. Private employee
5. Farmer
6. Others (specify)
7 Marital status 1. Single
2. Married
3. Divorced
4. Widowed
5. Not applicable (children)
8 Religion 1. Orthodox Christian
2. Muslim
3. Protestant
4. Catholic
5. Others (Specity)
9 Ethnicity If mixed, specify_
10 Residence 1. Rural 2. Urban
11 Family monthly income (in birr collected
from salary, rent, and other income) ETB
Part IV. Clinical information
Questions 12-17 for female participant who are pregnant specify
12 Gestation ( weeks)
13 Parity
14 Iron supplementation: 1. Yes 2. No
15 Folate supplementation 1. Yes 2. No
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16 Iron and folate combined supplementation 1. Yes 2. No
17 Is there any vaginal bleeding? 1. Yes 2.No
18 Are you a lactating mother? 1. Yes 2.No
Medication related questions
19 Did you take any type of drug for any illness for the 1. Yes 2. No
last three month?
20 If yes to Q19, what type of drug? (more than one 1. Anti-protozoa
answer possible) 2. Anti-helminthic

3. Anti-allergy

4. Birth control pills

5. Anti-bacterial

6. Anti-TB

7. Other (specify)

History of common diseases
21 History of diabetes 1. Yes 2. No
22 History of Hypertension 1. Yes 2. No
23 History of Blood transfusion for the last 1 year 1. Yes 2. No
24 History of blood donation within the last 3 month 1. Yes 2. No
25 History of Hospital Admission for the last 1 year 1. Yes 2. No
26 History of Surgical procedure for the last three 1. Yes 2. No
years

27 History of chronic gastritis 1. Yes 2. No
28 History of Malaria for the last 6 month 1. Yes 2. No
29 History of TB for the last two years 1. Yes 2. No
30 History of Cancer 1. Yes 2. No
31 History of Cardiac illness 1. Yes 2. No
32 History of Bleeding disorders 1. Yes 2. No
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33 History of allergy 1. Yes 2. No
34 History of Wheezing 1. Yes 2.No
35 History of kidney problem 1. Yes 2. No
36 History of anemia 1. Yes 2. No
37 History of liver disease 1. Yes 2. No
38 History of thyroid disease 1. Yes 2. No
39 History of chronic diseases in the family 1. Yes 2. No
Sign and symptom
40 Do you feel any sign of pain? 1. Yes 2. No
41 If yes for Q 40, what type of pain you feel?
42 Are you in menstrual period? (For non-pregnant 1. Yes 2. No
women only)

Filled by examination of clinicians’
43 What type of finding you observe? 1. Fever

2. Sign of dehydration

3. Stress

4. Mental illness

5. Others

specify

Part V. Nutritional habit and your life style

How often do you eat the following food? (put a “y “ mark)

No. | Food type A B C D E Remar
Once/da | More 2-3 Occasionally | Never | ks
y than times/wee | (e.g holidays,
Once/ day | k special
ceremonies)
44 | Roots and Tuber
(Potato,  sweet
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potato, Enset,

Cassava)

45

Legumes (Beans,
peas, chicken

pea, etc)

46

Cereals

Teff,

(Corn,
Wheat,

sorghum, etc)

47

Vegetables
(Tomato,

cabbage, etc)

48

Fruits (Orange,

banana, etc)

49

Meat (including
poultry, fish, etc)

50

Milk and Milk
products (Butter,
yoghurt, cheese,
etc)

51

Egg

52

Tea and/or

coffee

How frequent do you consume/use the following (put a \ mark)

Once/day
(Regular)

More
than

once/da

y

2-3
times/wee

k

Once a

week

Occasio | Never
nally
(holiday
, special
ceremo

ny)

53

Alcohol
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54 Khat
55 Cigarettes
Part V. Life style/Habit Continued...
56 Do you have Fasting habit? I. Yes 2. No
57 Do you have the habit of physical Exercise? 1. Never 2. Sometimes 3. Always
58 Do have a frequent contact with chemicals and I. Yes 2.No
Benzene
Part VI. Anthropometric measurement
59 Height (in cm)
60 Weight (in kg)
61 Blood pressure (mm Hg)
62 Body temperature (°c)

+ We thank you for your cooperation!

Interview Date:

Interviewer’s Name Signature
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Annex-XIV: Questionnaire Amharic version ($A-22me¥)

M5 AAPLLTF eo19°A Pharm P
avav/,Q:
NPLTe LUTT PAPMEP AdPaAT AAMT LHG PONC ALGHET AAIAU-::PHY PATPMLP AATT
“N80-N @f HY AC ATLTT 1FAM-C ATPT AT 1§9AMC PO AT AT emGo7 A+ £9° -0 L7I.TT
PLIPRNCE, ANGRE PPCaPe-PTF avmy 444710 WHCAN AaPOe-t avlB AaPOA 10<::PHY TS VAT
Paomet PTG E PG tav TP T aN€T &0Y AS T4V avYav®: (LIPF TGE® NASO AN RLOCHEIMS
Ae70 hAB VNG ANG-PS AL70 FPUCT hed OC (PPT &06 LLLANFA::PTSHEY Meh, PHLID-
FPOVCE TLLVEC 10 :AAPIC PACAP P77 FhNAT @vAh A%k aeamt PHYUT TOF At LOAGA::
QAT QUTT PATPMEPYPTIES VALY OHPAD- a1 AP0 (VTS AT e PAY::
ATPAIG AU~
hed 1.AmPAL aolE
he haa HY .4
nter/heantoy PO
hed 2.9 av /8
1. ATy
2. 23
Pro-AL N
4. A7 SO0t 0F AT PUA LH TLPA? Gav
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13

AOTTE LH, 10+ R0'10T?

14 +en16 0T T TIC LDOSN? 1. AP 2. PA®
15 +en16 AT T TIC LOOMEN? 1. AP 2. LA
16 +en996 S0t TT TICS AT LDOSN? 1. AP 2. PA9°
17 | 0928 ANAP av&at FoC AANPT 1. h®P7 2. PA9°
18 | A28 havt NJF P10 et 291mO A AAPT? 1. AP 2. PAYP
hev @77+ OC O+ 2T eRPT
19 | QA¢T ot O ATTITO9° 4L rF Yarg® TG D90 1. AP 2. PA9°
G0t av@Yt MALIAN?
20 | Até RTC-19 AP OASAU- O PHT@T et 1. 04-TCTHA
ey 10 A8 (NATL 1AL aPAN LFAQ) 2. 04O

3. 04-A0CE,

4. POAL avhAng N7

5. 04-00ESf

6. 0Z-TA.

7. QUL av Yyt

8. MA hA 2946

ettt QUaege G PT AP LO-FA?
21 eaC vard® AANPA? 1. APT  2.PA9°
22 PRI® %14t Yarg® AA-(PH? 1. K97 2. PAY®

23 | MA@+ 1 9avt LI° +ATHP PO Phe? 1. AP 2. PA9°
24 | MA@ 3 OC OOT LI° ANND~ PO F(y? 1. APT  2.049°
25 | NAL®@- 1 90T POTHA b0 P02 1. K97 2. PAP
26 | 0A%~T 3 GoodT PP& VDIPT HLCINP PO Pk? 1. K97 2. PAY®
27 | 089 PemAd- VIPI° AA(PT? 1. K97 2. PAY®
28 | O¢<T 6 MiT POO YaOI° A TP PO P(v? 1. K7 2. PA9®
29 | OA¢<t 2 Gavd~t Ok, Yyaod° Fav@-Pm-Ph-? 1. AP7 2. 009°
30 | h70C varg® AA-NPT? 1. K97 2. PAY®
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31 | P4 Yargd® AA-OPH? 1. AP 2. PA9°
32 | eao@at FoAC/vard® AANLT? 1. AP 2. PA9°
33 | AACE, (PO@-1T ao@Mt) AANPT? 1. AP 2. PA9°
34 | Pao %0 TOC (AHIF0 ACAC PTLA LI°8) AANPF? 1. K97 2. PAP
35 | PrAAT varg® AANPF? 1. APT  2.049°
36 | £9° 9710 FIC AANPH? L. APT  2.00P°
37 | PHOF vard AANPF? 1. APT 2.4
38 | PATPCT YOI ANNPT? 1. APT 2. 049°
39 | QLA OAT AC PALL U@ (ARCIPLP 2T 1. AP7 2. AP
PFavav A\ ?
Puarg® (9%+S PAht
40 | PUaPI® A9t AOPT? 1. AP7T 2. P49°
4 | OteRTC 1 AP AP Wt T ARYE 0%t
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Annex-XV: Standard operating procedure for specimen collection, handling,

transportation and storage

1. Purpose
To ensure consistent procedural approach for specimen collection, handling, transportation and

storage from research participant.

2. Principle
The specimen must be appropriate, collected at the right time, collected in a way that minimizes
contamination, collected in a way that reduces health and safety risk to all staff handling the
specimen (including laboratory staff), collected using the correct equipment, and documented
clearly using appropriate forms, stored/transported appropriately.
3. Type of specimen/Sample

o Venous blood(whole blood and plasma) , Random urine and Stool specimen
4. Type of container and additives

o Purple top EDTA test tube- for venous blood collection

o Nunc tube-for plasma

o Leak-proof screw cap container- for stool and urine

5. Required material, equipment and reagents

Venous blood (whole | Cotton wool, tourniquet, vacutainer tube and | 70% alcohol
blood and plasma) needle, Purple top EDTA test tube, marker,
safety box, vaccine carrier, refrigerator, Nunc

tube, micropipette tip and micropipette

Stool Leak-proof screw cap container, vaccine | 10% formalin

carrier, marker

Urine Leak-proof screw cap container, marker

6. Storage conditions

Type of specimen Storage condition

Whole blood o 8 hrs. at room temperature
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Plasma o 2-8% for one weeks or store at -20°c more
than a week.

Stool o Store it in fridge but not more than 24

hours.
o With 10% formalin for long period

Urine o Stored at 2-8°c for up to 48 hours prior to
testing. For prolonged storage, specimen
may be frozen and stored below -20°c.

7. Safety

Apply standard precautions during collection, handling, transporting and disposing of all

biological specimens.

8. Calibration- Non-applicable (N/A)

9. Proc

edure

Vacutainer venous blood collection

1
2
3.
4

. Identify the participant’s and avail the necessary material and supplies

The participant is seated comfortably in the phlebotomy chair, which has arm rests.

The sample collector look for a suitable vein in front of the elbow

. A tourniquet is applied to the upper arm on the chosen side. The tourniquet should not be

in place for longer long period of time.

If veins are not very visible, the sample collector taps the skin lightly over the vein, and
instructs the participant to clench and unclench their fist

Apply 70% alcohol cotton swab and allow to dry for least 30 seconds, since alcohol may
cause pain on venipuncture and/or contaminate the blood sample.

Inserts the needle through skin into the vein in which needle along the line of the vein at
an approximately 30-45 degree angle to skin

Release the tourniquet when the blood starts to enter in to the test tube.
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10.
11.

12.

13.

14.

15.

16.

Once enough amount of blood draw, clean dry gauze or cotton wool will be placed on the
venipuncture site and the needle will be removed in a swift backward motion

The tube must be properly mixed immediately after each drawn by inverting the tube.

The sample collector will press down on the gauze/cotton wool once the needle has been
drawn out of the vein applying adequate pressure to avoid formation of a hematoma.

The research participant's arm will not be placed in a bent position at any time following
venipuncture.

The research participants arm will be inspected to ensure bleeding has stopped.

All contaminated materials/supplies will be disposed of in the designated containers.

All blood collection tubes will be labelled immediately following collection the sample
label with three digit identification number, and date and time of collection.

Finally, the blood sample will be placed in the vaccine carrier and transported to analysis

within 3 hour of collection at room temperature.

Stool sample collection

@)

@)

@)

Identify the participant
Avail the necessary materials and supplies
The participants are given a screw capped collection container and instructed to collect a
stool specimen in the container.

v" Use the scoop inside the lid of the container to transfer the sample in to the container

and then screw the lid and wash his/her hands.

v" Tell them not to contaminate with urine.
When the sample comes to the data collection site, the data collector labels the container
with a three-digit unique identification number, and time and date of collection.

Deliver the sample as soon as possible for direct stool examination

Random/routine Urine sample collection

©)

@)

O

Identify the participant

Avail the necessary materials and supplies

The participants are given a non-sterile collection container and instructed to collect a
midstream specimen in the container. This type of specimen is routinely used for

urinalysis and may not be used for a culture and sensitivity.
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o When the sample comes to the data collection site, the data collector labels the container
with a three-digit unique identification number, and time and date of collection.
o Immediately perform the urine pregnancy test.
10. Quality control: Strictly follow this SOP
11. Calculation- Non-applicable (N/A)
12. Interference- Non-applicable (N/A)
13. Biological reference range-Non-applicable (N/A)
14. Critical value-Non-applicable (N/A)
15. Interpretation- Non-applicable (N/A)
Annex-XVI: Standard operating procedure for HIV 1/2Ab STAT-PACK

1. Purpose
To ensure consistent procedural approach and for qualitative detection of antibodies to Human
Immunodeficiency Viruses (HIV) type 1 and 2 in the human plasma specimens.
2. Principle
The chembio HIV 1/2 stat-pack employs a unique combination of a specific antibody binding
protein, which is conjugated to colloidal gold dye particles, and HIV 1/2 antigens, which bound
to the membrane solid phase. The sample is applied to the sample (S) well followed by the
addition of running buffer. The buffer facilitates the lateral flow of the released products and
promotes the binding of antibodies to the antigens. If present, the antibodies bind to the gold
conjugated antibody binding protein. In a reactive sample, the dye conjugated-immune complex
migrates on the nitrocellulose membrane and is captured by the antigens immobilized in the test
(T) area producing a pink/purple line in. in the absence of HIV antibodies, there is no pink/purple
line in the test (T) area. The sample continues to migrate along the membrane and produces a
pink/purple line in the control (C) area containing immunoglobulin G antigens. This procedural
control serves to demonstrate that specimen and reagents have been properly applied and have
migrated through the device.
3. Type of specimen/Sample

o Plasma
4. Type of container and additives

o Nunc Tube and EDTA test tube

5. Required material, equipment and reagents
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Material and equipment required

Disposable glove, Stat pack individually
pouched test device, micropipette tip,
micropipette, Timer and biohazard disposal

container

Reagents required

HIV running buffer

6. Storage conditions

o For the test device and running buffer

o For sample

v Should be stored in unopened pouches at 8 -30°C and don’t freeze.

v' Stable until the expiration date marked on the pouch, when stored as indicated

v Store the specimens at 2-8°c and can be used up to 3 days after collection. If

testing within 3 days is not possible, specimens should be frozen at -20°C.

7. Safety

Follow standard safety precautions while handling, analyzing and disposing the plasma

specimens.
8. Calibration- Non-applicable (N/A)

9. Procedure

A. Collect test items and other necessary lab supplies

Q=R g OF

Read and record the results

10. Quality control: The inbuilt control also serves as quality control checker.

11. Calculation-Non-applicable (N/A)

12. Interference- Recent flu vaccination, syphilis infection and elevated albumin

Remove device from package and label device with client identification number
Collect approximately 5 ul of specimen using a new disposable loop or pipette

Dispense the sample in the center of SAMPLE well
Add 3 drop of buffer, holding vial vertically over the SAMPLE well

Wait for 15 minutes before reading the results. Do not read the result after 20 minutes.
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13. Biological reference range-Non-applicable (N/A)
14. Critical value-Non-applicable (N/A)
15. Interpretation
o Reactive: Two lines of any intensity appear in both the control and test areas.
o Non-reactive: One line appears in the control area and no line in the test area.
o Invalid: No line appears in the control area. Do not report the result rather repeats the test
with a new test device even if a line appears in the test area.
Annex-XVII: Standard operating procedure for SD *'°“™F HIV-1/2
1. Purpose
To ensure consistent procedural approach and for qualitative detection of antibodies specific to
HIV-1 including subtype-O and HIV-2 simultaneously in the human plasma specimens.
2. Principle
The SD BIOLINE HIV 1/2 contains a membrane strip, which is coated with recombinant HIV-1
capture antigen (gp41, p24) on the test band 1 region and with recombinant HIV-2 capture
antigen (gp36) on test band 2 region, respectively. The recombinant HIV-1/2 antigen (gp41, p24
and gp36)-colloid gold conjugate and the specimen sample move along the membrane
chromatographically to the test region (T) and form a visible line as the antigen-antibody-antigen
gold particle complex forms with high degree of sensitivity and specificity. This test device has a
letter of 1, 2 and C as test line 1(HIV-1), test line 2 (hiv-2) and control line on the surface of the
device. Both the test lines and control line in result window are not visible before applying any
sample. The control line is used for procedural control. Control line should always appear if the
test procedure is performed properly and the test reagents of control line are working.
3. Type of specimen/Sample
o Plasma
4. Type of container and additives
o Nunc Tube and EDTA test tube

5. Required material, equipment and reagents

Material and equipment required Reagents required

Disposable glove, SD BIOLINE HIV 1/2 individually | Assay diluent

pouched test device, micropipette tip, micropipette, Timer and
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‘ biohazard disposal container ‘

6. Storage conditions

o For the test device and running buffer
v Should be stored in unopened pouches at 1-30°C and don’t freeze.
v' Stable until the expiration date marked on the pouch, when stored as indicated
v’ The test device is sensitive for humidity

o For sample

v Store the specimens at 2-8’c and can be used up to 3 days after collection. If

testing within 3 days is not possible, specimens should be frozen at -20°C

7. Safety

Follow standard safety precautions while handling, analyzing and disposing the plasma

specimens.
8. Calibration- Non-applicable (N/A)
9. Procedure
A. Collect test items and other necessary lab supplies
B. Remove device from package and label device with client identification number
C. Add 10 ul of plasma in to the sample well (S) using micropipette
D. Add 4 drops of assay diluents into the sample well (S) vertically
E. Read the result after 10 minutes but not more than 20 minutes.
10. Quality control: The inbuilt control also serves as quality control checker.
11. Calculation-Non-applicable (N/A)
12. Interference- Non-applicable (N/A)
13. Biological reference range-Non-applicable (N/A)
14. Critical value-Non-applicable (N/A)
15. Interpretation

o Reactive:

v' The presence of two lines as control line (C) and test line 1 (1) within the result

window indicate reactive result for HIV-1
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v" The presence of two lines as control line (C) and test line 2 (2) within the result
window indicate reactive result for HIV-2
v" The presence of two lines as control line (C) test line 1 (1) and test line 2 (2) within the
result window indicate reactive result for HIV-1 and HIV-2
v 1If the color intensity of the test line 1 is darker than one of the test line 2 in the result
window, you can interpret the result as a reactive for HIV-1
v' If the color intensity of the test line 2 is darker than one of the test line 1 in the result
window, you can interpret the result as a reactive for HIV-2
o Non-reactive: The presence of only control line (C) within the result window
o Invalid: No presence of control line in the result window. Do not report the result rather

repeats the test with a new test device even if a line appears in the test area.

Annex-XVIII: Standard operating procedure for ABON HIV-1/2

1. Purpose
To ensure consistent procedural approach and for qualitative detection of antibodies to HIV-1,
including subtype-O and HIV-2 in the human plasma specimens.

2. Principle
A rapid test device strip is pre-coated with HIV-1 and subtype O antigens on T1 test line and
HIV-2 antigen on T2 test line. Firstly, specimen and then buffer is added to the specimen well,
thus starting the migration of the specimen/buffer. The specimen/buffer passes the conjugate pad,
which contains a mixture of HIV-1 envelope and core antigens and HIV-2 envelope antigen.
These detection antigens are conjugated to latex particles. If present, the HIV-1 of HIV-2
antibodies reacts and binds to the detection antigen-conjugate. The antibody/antigen-conjugate
mixture then migrates further and binds to antigens present on the test lines. If the specimen
contains antibodies to HIV-1, the specimen will bind to the T1 test line and produce a line, if
specimen contains antibodies to HIV-2, the specimen will bind to the T2 test line. As liquid
continues to migrate down the test strip, the control line will appear. If the control line is present,
in addition to either or both test lines, then the test lines region indicating a non-reactive result.

3. Type of specimen/Sample

o Plasma

4. Type of container and additives

o Nunc Tube and EDTA test tube
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5. Required material, equipment and reagents

Material and equipment required Reagents required
Disposable glove, ABON HIV 1/2/0 individually pouched | Buffer

test device, micropipette tip, micropipette, Timer and

biohazard disposal container

6. Storage conditions

o For the test device and running buffer
v Should be stored in unopened pouches at 2 -30°C and don’t store in the freezer.
v' Stable until the expiration date marked on the pouch, when stored as indicated
o For sample

v Store the specimens at 2-8°c and can be used up to 3 days after collection. If

testing within 3 days is not possible, specimens should be frozen at -20°C

7. Safety
Follow standard safety precautions while handling, analyzing and disposing the plasma
specimens.
8. Calibration- Non-applicable (N/A)
9. Procedure
A. Collect test items and other necessary lab supplies
B. Open the package and check the content and the expire date
Wear glove
Open the pouch, label with specimen ID use it as soon as possible( within one hour)

Draw the plasma specimen from the specimen tube with dropper

= | o0

Transfer 1 drop of plasma (approximately 25 ul), then add 1 drop of buffer (approximately
40 ul)
G. Start the timer and read results within 10-20 minutes.
10. Quality control: The inbuilt control also serves as quality control checker.
11. Calculation-Non-applicable (N/A)
12. Interference- Non-applicable (N/A)
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13. Biological reference range-Non-applicable (N/A)
14. Critical value-Non-applicable (N/A)
15. Interpretation
o Reactive: Two or three distinct colored lines appear
o Non-reactive: The presence of only one colored line appear in the control region (C)

o Invalid: No line appears in the control line region

Annex-IXX: Standard operating procedure for HBsAg test

1. Purpose
To ensure consistent procedural approach and for qualitative detection of HBsAg in the human

plasma specimens.

2. Principle
The HBsAg rapid test cassette is a lateral flow chromatographic immunoassay based on the

principle of the double antibody-sandwich technique. The membrane is pre-coated with anti-
HBsAg antibodies on the test line region of the test. During testing, Hepatitis B surface Antigen
in the plasma specimen reacts with the particle coated with anti-HBsAg antibody. The mixture
migrates upward on the membrane chromatographically by capillary action to react with anti-
HBsAg antibodies on the membrane and generate a colored line. The presence of this colored
line in the test region indicates a positive result, while its absence indicates a negative result.

3. Type of specimen/Sample
o Plasma

4. Type of container and additives
o Nunc Tube and EDTA test tube

5. Required material, equipment and reagents

Disposable glove, test cassette, disposable | Buffer
specimen dropper, safety box, Nunc tube,

micropipette tip and micropipette, Timer

6. Storage and stability conditions
o The test kit can be stored at room temperature or refrigerated (2-30°C) and stable through

the expiration date printed on the sealed pouch.
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o The plasma specimen may be stored at 2-8°C for up to 3 days but for long period should
be kept at -20°C.
7. Safety
o Standard precautions should be followed when handling, analyzing and disposing the
plasma specimens.
8. Calibration- Non-applicable (N/A)
9. Procedure

A. Remove the test device from the foil pouch and use it as soon as possible.

B. Place the test device on a clean and level surface, then hold the dropper vertically and
transfer 3 drop of plasma ( approximately 90 ul) to the specimen well (S) of the test
device

C. Add 1 drop of buffer (approximately 40 ul) and start the timer

D. Read the result at 15 minutes but do not report result after 20 minutes

10. Quality control: The inbuilt control also serves as quality control checker.
11. Calculation-Non-applicable (N/A)

12. Interference- Heterophile antibodies, Rheumatoid factors

13. Biological reference range-Non-applicable (N/A)

14. Critical value-Non-applicable (N/A)

15. Interpretation

o Negative results: One red line appears in the control region (C). No apparent red or pink
line appears in the test region (T).

o Positive results: Two distinct red lines appear. One line should be in the control region (C)
and another line should be in the test region (T).

o Invalid: Color line fails to appear in control region.

Annex-XX: Standard operating procedure for HCV rapid test strip

1. Purpose

To ensure consistent procedural approach and for qualitative detection of antibodies to hepatitis

C virus (HCV) in the human plasma specimens.
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2. Principle

The HCV rapid test strip is a qualitative, membrane and double antigen based immunoassay for
detection of antibodies to HCV in plasma. The membrane is coated with recombinant HCV
antigen on the test line region of the strip. The conjugated pad is treated with gold particles
which are conjugated with antigen. During testing, the plasma specimen reacts with the
recombinant HCV antigen coated particles. The mixture migrates upward on the membrane
chromatographically by capillary action to react with recombinant HCV antigen on the
membrane and generate a colored line. Presence of this colored line indicates a positive result,

while its absence indicates a negative result.

3. Type of specimen/Sample
o Plasma

4. Type of container and additives
o Nunc Tube and EDTA test tube

5. Required material, equipment and reagents

Disposable glove, test cassette, disposable | Buffer

specimen dropper, safety box, Nunc tube,

micropipette tip and micropipette, Timer

6. Storage and stability conditions
o The test kit can be stored at room temperature or refrigerated (2-30°C) and stable through
the expiration date printed on the sealed pouch.
o The plasma specimen may be stored at 2-8°C for up to 3 days but for long period should
be kept at -20°C.
7. Safety
o Standard precautions should be followed when handling, analyzing and disposing the
plasma specimens.
8. Calibration- Non-applicable (N/A)
9. Procedure

A. Remove the test device from the foil pouch and use it as soon as possible.
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B. Place the test device on a clean and level surface, then hold the dropper vertically and
transfer 2 drop of plasma ( approximately 80 ul) to the specimen well (S) of the test
device and start the timer

C. Read the result at 10 minutes but do not report result after 20 minutes

10. Quality control: The inbuilt control also serves as quality control checker.
11. Calculation-Non-applicable (N/A)

12. Interference- Non-applicable (N/A)

13. Biological reference range-Non-applicable (N/A)

14. Critical value-Non-applicable (N/A)

15. Interpretation

o Negative results: One red line appears in the control region (C). No apparent red or pink
line appears in the test region (T).

o Positive results: Two distinct red lines appear. One line should be in the control region (C)
and another line should be in the test region (T).

o Invalid: Color line fails to appear in control region.

Annex-XXI: Standard operating procedure for Syphilis rapid test cassette
1. Purpose
To ensure consistent procedural approach and for qualitative detection of antibodies to
Treponema Pallidum in the human plasma specimens to aid in the diagnosis of syphilis.
2. Principle
The syphilis rapid test cassette is a qualitative membrane based immunoassay for the detection of
Treponema palladium (TP) antibodies in plasma. In this test procedure, recombinant syphilis
antigen is immobilized in the test line region of the test. After a specimen is added to the
specimen pad it reacts with syphilis antigen coated particles that have been to the specimen pad.
This mixture migrates chromatographically along the length of the test and interacts with the
immobilized syphilis antigen. The double antigen test format can detect both IgG and IgM in
specimens. If the specimen contains TP antibodies, a colored line will appear in the test line
region, indicating a positive result.
3. Type of specimen/Sample

o Plasma
4. Type of container and additives
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o Nunc Tube and EDTA test tube

5. Required material, equipment and reagents

Disposable glove, test cassette, disposable | Buffer

specimen dropper, safety box, Nunc tube,

micropipette tip and micropipette, Timer

6. Storage and stability conditions
o The test kit can be stored at room temperature or refrigerated (2-30°C) and stable through
the expiration date printed on the sealed pouch.
o The plasma specimen may be stored at 2-8°C for up to 3 days but for long period should
be kept at -20°C.
7. Safety
o Standard precautions should be followed when handling, analyzing and disposing the
plasma specimens.
8. Calibration- Non-applicable (N/A)
9. Procedure
A. Remove the test device from the foil pouch and use it as soon as possible.
B. Place the test device on a clean and level surface, then hold the dropper vertically and
transfer 2 drop of plasma (approximately 50 ul) to the specimen well (S) of the test device.
C. Add 1 drop of buffer (approximately 40 ul) and start the timer
D. Read the result at 10 minutes but do not report result after 20 minutes
10. Quality control: The inbuilt control also serves as quality control checker.
11. Calculation-Non-applicable (N/A)
12. Interference- Non-applicable (N/A)
13. Biological reference range-Non-applicable (N/A)
14. Critical value-Non-applicable (N/A)
15. Interpretation
o Negative results: One red line appears in the control region (C). No apparent red or pink

line appears in the test region (T).
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o Positive results: Two distinct red lines appear. One line should be in the control region (C)
and another line should be in the test region (T).

o Invalid: Color line fails to appear in control region.

Annex-XXII: Standard operating procedure for urine pregnancy test

1. Purpose

To ensure consistent procedural approach and for the qualitative detection of HCG in urine.

2. Principle

It is a rapid chromatographic immunoassay for the qualitative detection of human chorionic
gonadotropin (HCG) in urine to aid in the detection of pregnancy. The pregnancy test kit consists
of a sample window including a sample cavity on which the urine sample is placed. A permeable
membrane holds the pad in the cavity. The membrane consists of three antibody areas includes
monoclonal antibodies and color sensitive colloidial gold particles. The stable area that forms the
test line includes anti-HCG antibodies on the membrane. The 3™ area that forms the control line
includes an ant-mouse immunoglobulin. If the sample includes enough HCG in the sensitivity
range of the device, anti-HCG forms a compound with colloidal gold conjugate and moves
towards to the test area that is indicated by the letter ““T’. Once the compound is bound, a line is
formed in the area ‘“T’’. The absence or presence of this line shows a negative or a positive test
result. The colloidal gold particles that are not bound in the test area move towards to the control
line to area to form control line regardless to the presence of HCG. The line that forms in this
area acts as a control device by confirming that there is enough sample in the device and that the
sample followed the correct flow course.

3. Type of specimen/Sample

o Random urine specimen
4. Type of container and additives

o Leak-proof screw cap container
5. Required material, equipment and reagents
o Leak-proof screw cap container, marker, timer, test strip and package insert

6. Storage and stability conditions
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o For the test strip
v Store as packaged in the sealed pouch at 4-30% and stable through the expiration date
printed on the sealed
o For sample

v’ Stored room temperature and used within 24 hours.

7. Safety
o Follow standard precautions for processing and examination of urine pregnancy test.

. Calibration- Non-applicable (N/A)

o0

9. Procedure

o Collect the urine in a clean dry and contaminant free plastic or glass container

o Remove the test from the package just before starting the test.

o Dip the strip until Maximum line region

o Place the test strips on a non-absorbent flat surface, start the timer and wait for the red line(s)
to appear. The result should be read at 3 minutes.

10. Quality control

Internal procedural controls are included. If the control region red line does not appear, don’t

report the result and review the procedure and repeat the test with a new test strip because it may

be due to insufficient sample volume and incorrect procedural techniques.

11. Calculation- Non-applicable (N/A)

12. Interference- Non-applicable (N/A)

13. Biological reference range-Non-applicable (N/A)

14. Critical value-Non-applicable (N/A)

15. Interpretation

Positive- Two distinct red lines appear

Negative- One red line appear in the control region

Invalid — control line fail to appear (insufficient sample volume and incorrect procedural

techniques are most likely reasons for failure. Therefore, review the procedure and repeat the test

with a new test strip)
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Annex-XXIII: Standard operating procedure for direct saline wet mount stool examination

1. Purpose
To ensure consistent procedural approach for direct saline wet mount stool examination to detect

intestinal parasites.

2. Principle

It is made by mixing a small quantity (about 2 mg) of faeces in a drop of saline placed on a clean
glass slide. The smear is then examined under microscope. Saline wet mount is used for the

detection of trophozoites and cysts of protozoa, and eggs and larvae of helminthes.

3. Type of specimen/Sample
o Stool
4. Type of container and additives
o Leak-proof screw cap container with no additives

5. Required material, equipment and reagents

Material and Equipment Reagent
Leak-proof screw cap container, microscope | Normal Saline (0.85% NaCl)
slides, microscope cover slips, Pipettes, pencil

Gloves, Microscopes and applicator stick

6. Storage conditions
o Immediately perform the examination but can be store until 30 min at room temperature
7. Safety
o Apply universal precautions as well as standard microbiological laboratory practices
8. Calibration- Non-applicable (N/A)
9. Procedure

o Apply the participant sample (about 2mg) to a small area on a clean microscope slide.

o Immediately before the specimen dries, add 1 or 2 drops of saline with a pipette. Mix with
applicator stick.

o Cover the specimen with a cover slip. (Note: Avoid air bubbles by drawing one edge of
the cover slip slightly into the suspension and lowering it almost to the slide before letting
it fall. The mount should be just thick enough that newspaper print can be read through the
slide.)
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o Examine the slide with low and high power objectives under microscope.
10. Quality control: Daily Check solutions with each use to be sure they are clear and free of
any bacterial contamination.
11. Calculation- Non-applicable (N/A)
12. Interference- Artifacts, debris etc.
13. Biological reference range-Non-applicable (N/A)
14. Critical value-Non-applicable (N/A)
15. Interpretation- Non-applicable (N/A)

Annex-XXIV: Standard operating procedure for peripheral blood film preparation and
examination
1. Purpose
To ensure consistent procedural approach and for detection of hemoparasite, abnormalities in
blood cells and manual differential WBC count.
2. Principle
Peripheral blood film or blood smear is a thin layer of blood smeared (thin and thick) on a
glass microscope slide which is prepared by using the wedge techniques and then stained with
Giemsa staining solution in such a way as to allow the various blood cells to be examined
microscopically. Blood films are examined in the investigation of hematological (blood)
disorders and are routinely employed to look for blood parasites. It also helps for manual
differential WBC count.
3. Type of specimen/Sample

o Whole blood
4. Type of container and additives

O Vacutainer test tube with EDTA Anti-coagulate

5. Required material, equipment and reagents

Material and Equipment Reagents

Pencil, micropipette, micropipette tip, Single- | Stock Giemsa solution and Absolute
use non-sterile gloves, gauze, timer, | methanol
microscope, microscopic glass slides, Bottle of

1000 ml, Clean water or tap water, Dropper
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bottle, Pasteur pipettes, 10 ml graduated
cylinder, staining rack, drying Rack for slides,
Timer , Microscope (objective 100 x),

Immersion oil, touch counters, Storage box for

slides , Tissue paper and filter paper

6. Storage and stability conditions
o For sample
v' Maximum one hour at room temperature (to avoid morphological deformations of
Plasmodium parasites)
o For reagent
v' Working Giemsa staining solution store at room temperature and stable for 24 hour.
7. Safety
o Apply universal precautions as well as standard microbiological laboratory practices
8. Calibration- Non-applicable (N/A)
9. Procedure

A. Label the slide

B. Prepare thick (placing 6ul of blood on a clean slide and make round by the other slide) and
thin (by placing 2ul of blood on one end of a slide, and using a spreader slide to disperse the
blood over the slide's length to found "feathered edge") blood smear.

C. The slide is left to air dry, after which only the thin blood smear is fixed by methanol.

D. After fixation, the slide is stained by Giemsa working solution (Prepared by mixing one part

Giemsa stock and nine part distilled or clean tap water) to distinguish the cells from each other.
E. After staining, allow to air dry
F. Finally the stained smear is viewed under a microscope using magnification up to 1000x.

Note: During examining stained smear start with the field on the top left part of the film, and
then move the slide to the right, field by field. When the other end of the film is reached, move
the slide downwards, then to the left, field by field, and so forth.
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G. Individual cells are examined and their morphology is characterized and recorded and
differential count would be counted.
Note: Review the area where the red cells are evenly distributed and begin to overlap. Scan for
abnormalities such as platelet clumping, rouleaux, agglutination or abnormally large leukocytes.
Review all abnormally large leukocytes under 100X for appropriate classification and follow up
testing. Select the best area for detailed morphological evaluation and differential count. The
erythrocytes will be evenly distributed and not distorted. The field will also be devoid of broken
areas caused by improper smear preparation.
10. Quality control

o Daily quality control should be performed by known positive and negative slides before the

start of the actual sample analysis.

11. Calculation- Non-applicable (N/A)
12. Interference- Non-applicable (N/A)
13. Biological reference range- Non-applicable (N/A)
14. Critical value- Non-applicable (N/A)
15. Interpretation- Non-applicable (N/A)

Annex-XXV: Standard operating procedure for Mindary BC-3000 plus

1. Purpose

To ensure consistent procedural approach and gives a brief overview of how to run blood
samples on the Mindary BC-3000 plus.

2. Principle
The machine utilized two basic principles for measurement of the parameter: the impedance

method for determining the WBC, RBC, and PLT data and the colorimetric method for
determining the Hgb. WBC, RBC and PLT were counted and sorted by the electrical impedance
method, which were based on the measurement of changes in electrical impedance produced by a
particle passing through an aperture. The Hgb is determined by the colorimetric method in which
the lyse reagent releases Hgb when RBC is broken down and react with Hgb to generate a
mixture for Hgb measurement. The WBC/Hgb dilution was delivered to the WBC bath where it
is bubble mixed with a certain amount of lyse, which converts hemoglobin to a hemoglobin

complex that is measurable at 525 nm. The value of Hgb expressed in g/dl. The machine
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automatically dilutes a whole-blood sample, lyses and counts the cells, and then gives a printout
result.
3. Type of specimen/Sample
o Whole blood specimen collected in K2ZEDTA anticoagulant tube
4. Type of container and additives
o Vacutainer test tube and EDTA additive

5. Required material, equipment and reagents

Material and Equipment Reagents

Disposable glove, Mindary BC-300 plus | M-30D Diluents, M-30CFL Lyse, M-30R
machine, Electrical blood mixer and Electrical | Rinse, M-30E E-Z Cleanser, M-30P Probe

power stabilizer Cleanser, Three level Controls

6. Storage and stability conditions

Storage and stability condition

o For the reagent
v’ The reagents must be stored between 180c¢ and 300¢ and used before the expire date
indicated on the label.
o For sample
v For the whole blood samples to be used for WBC differential or PLT count, you
shall store them at the room temperature and run them within 8 hours after collection
v If you do not need the PLT, MCV and WBC differential results, you can store the
samples in a refrigerator (2-8°c) for 24 hours. You need to warm the refrigerated

samples at room temperature for at least 30 minutes before running them.

7. Safety
o Apply universal precautions as well as standard microbiological laboratory practices
8. Calibration
The purpose of calibration is to maintain system accuracy. Run calibration program if
= Jtis the first time the analyzer has been used;
= (Certain major components (s) of the analyzer has been changed;

= The quality control results indicate there may be a problem.

Page | 125



9. Procedure
A. Check and make sure: the waste container is empty; there are enough reagents; the diluent
rinse and waste tubes properly connected; power cord of the analyzer is properly plugged.
B. Check the printer, keyboard connection, and then place the power switch at the back of the
analyzer in the ON position
B. Prior to running your samples, you must execute a quality control.
C. The Sysmex is now ready to sample. To run your samples:
o Ensure your samples are rapidly and thoroughly mix the blood with the anticoagulant.
o Press [Menu] and select ‘‘Sample Mode’’ screen, then select the whole blood from the
sample mode pull-down list.
o Press [Mean] and select ‘“‘Count’’ to enter Count screen
o Enter sample information at the count screen, press [ID] and an edit window will pop up
o Present the mixed sample to the sample probe and press the aspirate key. The system
status area will display ‘‘Running’’ and the analyzer will start aspirating sample.
o When you hear the beep and the sample probe is out of the tube, remove the sample tube.
The sample probe will retract into the analyzer and the analysis progress will be
displayed on the screen
o When the analysis is finished, the result will be displayed on the screen and the sample
ID will automatically increase by 1 and the sample probe will be repositioned. And if the
auto print function is enabled, the analysis result will be automatically printed out.
D. When you are finished with your sampling, you must complete the daily shut down
procedure. To do this:
o Press [Menu] to enter the system menu and select ‘“ Shutdown’’
o A message box will pop up to ask you to confirm the shutdown and click enter
o Present the E-Z cleanser to the sample probe and press the aspirate key
o When the cleaning is finished, place the switch at the back of the analyzer to OFF to turn
off the analyzer.
NOTE:  Perform daily, weekly and monthly preventive maintenance using maintenance
program.
Every day- E-Z cleanser cleaning and Probe cleanser cleaning every three days ( if the analyzer

work 24 hours)
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Weekly- You need to perform probe cleanser cleaning every week

Monthly- Perform probe cleanser cleaning.

10. Quality control

Daily quality control should be performed by using three level quality control materials to
monitor an instrument’s performance over time and also run after component replacement or
after a service call.

11. Calculation- Non- applicable

12. Interference: Clot and fibrin strands, colder agglutinin, severely hemolyzed sample,
extremely elevated WBC (> 100,000/UL), Giant and clumped platelet, lipemic and icteric
sample etc.

13. Biological reference range

Sex WBC | RBC Hgb |HCT |[MVC |[MCH |MCHC |RDW-|PLAT
(10°l) | (10%ul) | (g/dl) | (%) () (pg) (g/dl) | CW | (10°/ul)
(%)

Female | 4.0-10.0 | 3.5-5.0 | 11.0- 37.0- | 80.0- 27.0- 32.0- 11.0- | 100-
15.0 47.0 100.0 | 34.0 36.0 16.0 300

14. Critical value- Non-applicable (N/A)
15. Interpretation- Non-applicable (N/A)

Annex-XXVI: Standard operating procedure for one step C-reactive protein
1. Purpose

To ensure consistent procedural approach and it is a rapid latex agglutination test kit for the
detection of C-reactive Protein in human serum or plasma.
2. Principle
The AVITEX CRP latex particles are coated with antibodies to human CRP. When the latex
suspension is mixed with the sample containing CRP on a slide, clear agglutination is seen
within 2 minutes.
3. Type of specimen/Sample

o Serum/ plasma

4. Type of container and additives
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o EDTA test tube and Nunc tube

5. Required material, equipment and reagents

Material and equipment required reagents required

Disposable glove, micropipette tip and | Suspension of polystyrene latex
micropipette, Timer, stirrers, plastic slide particles coated with Anti-CRP

antibodies and isotonic saline

6. Storage conditions
o For the reagent
v' Reagents must be stored at temperature between 2°C to 8°C. Do not use the reagent after
expiry date
o For sample
v' Sample may be stored at 2°C to 8°C for 48 hours prior to testing. If longer storage is
required, store at -20°C.
7. Safety
o Apply universal precautions as well as standard microbiological laboratory practices
8. Calibration- Non-applicable (N/A)
9. Procedure
A. Allow kit reagents and patient sample to come to room temperature
B. Transfer one drop (50ul) of patient’s plasma to the test circle on the slide.
C. Shake the latex reagent, then using the dropper provided, add one drop of suspension to the
test circle.
D. Mix the drops using the disposable stirrer ensuring coverage of the test circle with the
mixture.
E. Gently and evenly, rock and rotate the test slide for 2 minutes whilst examining the test slide
for agglutination.
10. Quality control: Run daily quality control using positive and negative control provided by

manufacturer.
11. Calculation-Non-applicable (N/A)

12. Interference- Non-applicable (N/A)
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13. Biological reference range- Non-applicable (N/A)
14. Critical value-Non-applicable (N/A)
15. Interpretation:
Positive result: it is indicated by the obvious agglutination pattern of the latex, in a clear
solution.

Negative result: it is indicated by no change in the latex suspension on the test slide.
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Annex-XXVII: Laboratory result form

Participant code Region

Woreda / city /_sub city Kebel

%+ Stool examination

o Consistency

o Direct

#+ Urine HCG test (for female)

#+ Peripheral Blood film examination

o Hemoparasites

+ Serological Tests
o HIV test
o HBsAg test
o HCV Test (anti-HCV Ab)

o Syphilis screening (anti-TP Ab test)
o CRP test

#+ Hematology (CBC attach print out) Annex-XXVIII: Comparison of Hematological

parameters Rls for pregnant women with trimester from different countries

Page | 130



Annex-XXVIII: Comparison of hematological parameters Rls for pregnant women with gestational age (trimester) form

different countries

Parameters | Trimester | Current Gondar, Addis Sudan Central Northwest | China Text book
study Ethiopia(42 | Ababa, | (51) Uganda morocco (46) (predominantly
) Ethiopia (53) 37 from Europeans
(35) ) (62)
WBC 1* 3.64-13.24 | 8.62-10.30 | 6.5-8 4.36-11.20 | 4.57-8.75 | 4.5-11.6 4.3-12.2 | 5.7-13.6
(x10%/ul) 2nd 4.56-13.59 | 8.67-9.90 | 8-8.7 5.48-12.13 | 4.71-8.85 | 4.6-12.6 5.1-13.8 | 6.2-14.8
31 4.56-13.62 | 8.60-9.61 | 8-8.8 5.00-11.96 | 4.8-9.2 5.3-14.3 4.9-13.4 | 5.9-16.9
Combined | 4.00-13.21 8.90-9.60 | 8.1-8.6 4.51-8.79 | 4.6-13.0
Lymph# 1* 1.1-2.8 2.18-2.53 1.20-2.98 | 1.30-2.58 | 1.2-3.14 1.1-3.5
(x10%/ul) T
2" 1.03-2.6 1.96-2.22 1.28-2.63 | 1.13-245 | 1.2-3.6 0.9-3.9
31 1.13-2.77 2.11-2.33 1.10-2.60 | 0.84-2.02 | 1.1-3.8 1-3.6
Combined | 1.1-2.71 2.13-2.28 1.08-2.38 | 1.2-3.6
MID# 1™ 0.2-0.9 0.30-0.99 | 0.29-0.73
x10*/pl
( KD 2" 0.2-1.08 0.30-0.90 | 0.28-0.76
31 0.2-1.08 0.30-1.00 | 0.31-0.77
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Combined | 0.2-1.0 0.29-0.73
GRAN# 1™ 2.23-8.62 2.56-8.68 | 3.55-5.83 |2.1-8.2 3.6-10.1
(x10%/pl) .
2" 2.42-9.78 3.62-9.80 | 2.59-6.13 |2.2-9.2 3.8-12.3
31 2.61-10.23 3.22-9.30 |2.7-5.68 3-11 3.9-13.1
Combined | 2.2-9.83 2.48-5.86 |2.2-9.7
Lymph (%) | 1% 12.78-45.60 23.4-30 20.91-
39.83
2" 10.96-32.96 21.6- 19.96-36.8
234
31 13.53-45.68 23-25 15.93-
32.89
Combined | 12.9-38.13 23-243 19.53-
36.91
MID (%) 1* 3.94-12.00 7-12 5.72-9.68
2™ 3.74-9.60 8-9 5.11-10.45
31 3.83-12.33 8-10 6.64-10.84
Combined | 3.9-10.9 8.3-9.3 5.78-10.3

Page | 132




GRAN (%) | 1% 45.86-80.42 60-68
2™ 58.62-81.50 68-70
31 60.53-82.55 65.6-68
Combined | 50.45-81.54 67-68.7
HGB I 10.37-13.53 | 12.43— 13.7-15 | 8.92-12.74 | 11.6-13.32 | 10-13.9 10.4- 11.0-14.3
(g/dl) 13.46 14.0
2™ 9.99-12.90 | 12.82— 12.6-16 |9.00-12.10 | 10.71- 9.6-13.6 9.5-13.0 | 10.0-13.7
13.33 12.29
31 10.68-13.71 | 13.11- 12.6-14 | 8.82-12.60 | 10.85- 9.1-13.4 9.6-13..5 | 9.8-13.7
13.67 12.65
Combined | 10.1-13.67 | 12.99— 13.3- 10.79- 9.4-13.7
13.36 14.7 12.79
RBC I 3.58-490 | 4.084.46 |4.6-5 3.69-4.93 |4.04-5.02 |3.49-491 |[3.35- 3.52-4.52
(x10%/l) 4.75
2™ 3.35-4.01 421-443 |44-45 |3.69-493 |[3.77-4.67 |3.26-482 |[3.01- 3.2-4.41
4.31
31 3.76-4.99 | 437455 |4.4-46 |3.44-478 [3.92-47 |[3.19-478 |3.08- 3.1-4.44
4.50
Combined |3.45-4.67 |430-4.44 |4.4-45 3.86-4.84 |3.29-4.85
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HCT (%) | 1% 34.86-47.80 | 37.17- 40-43 [ 30.12- 36.94- 29.8-40.9 |31-41 |31-41
41.19 40.30 453
2™ 33.93-46.19 | 39.63— 38-40 | 30.58- 34.67- 28.6-39.9 [30-39 | 30-38
41.44 38.23 41.35
31 32.33-45.98 | 41.17- 39-40 | 29.66- 32.47- 27.34-39.3 | 30-41 | 28-39
42.75 40.04 44.79
Combined | 33.49-46.52 | 40.19— 39-39.9 34.84- 28.6-40.5
41.49 43.66
MCV 1" 86.67- 92.02— 85-88 | 65.50- 83.06- 744949 | 82.3- 81-96
(1) 103.03 94.34 93.02 98.89 98.2
2™ 86.10- 93.18— 86.7- 71.35- 83.71- 74.7-977 | 84.2- 82-97
103.58 95.20 88.4 94.70 97.09 102.7
34 87.62- 93.09— 88-89 | 73.40- 81.69- 72.8-96.1 | 82.4- 81-99
105.77 95.37 95.68 97.43 103.9
Combined | 84.76- 93.33— 87.4- 82.52- 74-96
103.52 94.63 88.5 97.16
MCH I 26.40-32.94 | 29.82— 29.4- 19.40- 24.96-30 |24.2-32.9 |27.58-
(pg) 31.14 30.5 28.74 33.4
2™ 26.89-33.20 | 29.84— 30-30.6 | 20.83- 24.86- 24.0-333 | 27.6-
31.11 30.15 29.94 34.7
3 27.51-33.99 | 26.73— 30.4-31 | 21.34- 23.95- 23-33.4 27.0-
40.79 30.18 28.81 35.0
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Combined |27.5-33.00 | 28.88— 30-30.7 24.72- 23.7-33.2
34.81 29.78
MCHC 1% 30.30-33.66 | 37.02— 34-35 | 28.54- 29.46- 31.3-36.6 | 32.2-
(g/dl) 33.38 32.30 30.98 35.4
2 30.13-33.2 | 31.24- 34.4- 28.78- 29.49- 31.2-36.6 | 31.3-
35.35 34.8 32.40 31.13 35.3
31 30.31-33.86 | 31.75- 34.5-35 | 28.82- 29.37- 30.8-36.2 | 30.9-
32.41 32.50 30.93 35.1
Combined | 30.30-33.73 |31.91— 34.5- 29.47- 31.2-36.5
33.37 34.8 31.07
RDW-CV | 1¥ 12.44-15.99 12.00-
17.94
2 12.52-17.00 12.40-
18.81
31 12.62-16.20 12.11-
17.50
Combined | 12.5-16.145
RDW-SD 1 40.60-55.50
2 42.28-57.99
3% 41.30-59.84
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Combined | 42.1-58.2
Platelet 15 167.05- 224.53— 212-267 | 182.6- 152.38- 145-374 64-263 | 174-391
(x10%/pl) 390.00 253.21 418.0 267.24
2" 149.58- 213.70- 220-239 | 163.8- 145.41224 | 140-364 63-247 | 171-409
373.32 247.86 381.8 59
31 124.60- 209.50— 216-235 | 150.4- 128.48220 | 139-398 61-238 | 155-429
356.90 237.38 346.2 94
Combined | 131.7- 221.25- 221.6- 148.88249 | 141-377
373.15 240.14 235 12
MPV 1% 6.73-9.80 6.90-9.78 |6.28-7.8 |8.9-13.7
() -
2 7.05-10.25 6.96-9.62 | 6.4-7.66 |8.9-13.5
3% 7.40-10.30 7.00-9.80 | 6.29-7.89 |8.9-13.2
Combined | 7.09-10.12 6.33-7.75 | 8.9-13.5
PDW 1% 15.10-16.36 15.10-
16.29
2 15.22-16.48 15.20-
16.30
31 15.16-16.57 15.40-
16.60
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Combined | 15.2-16.4

PCT 1* 0.152-0.316 0.16-0.32
2 0.110-0.321 0.14-0.29
31 0.118-0.321 0.14-0.27
Combined | 0.121-0.316

Gondar, author : Genetu M et al. year:2017; Addis Ababa, author: Yeshanew AG et al. Year: 2017;Sudan, author: Rayis DA et al. Year:2
Uganda, author: Philip K et al. Year: 2018;Northwest Morocco, author:Bakrim Sef al. Year: 2018; China, author: Shen C ef al. Year: 2010
WBC-white blood cell count, Lymph#- Absolute lymphocyte count, MID#- Absolute mixed cell count, Gran#-Absolute granulocyte count,
Lymph%- lymphocyte percentage, MID%- mixed cell percentage, Gran%- granulocyte percentage, Hgb- hemoglobin, RBC- red blood
cell count, HCT- hematocrit, MCV- mean cell volume, MCH- mean cell hemoglobin, MCHC- mean cell hemoglobin concentration,
RDW-CV- red cell distribution width coefficient of variation, RDW-SD- red cell distribution width standard deviation, MPV- mean
platelet volume, PDW- platelet distribution width, PCT- Plateletcrit
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