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DEFINITION OF TERMS

Allele: Gene occupying a particular location on a chrom@som

Anemia: A reduction in hemoglobin concentration to beltw tower unit of normal for a
specified age, sex and geographical area.

Complaint: Symptom or distress about which a patient seekBaaleassistance.
Complication: Disease or disorder arising as a consequenaaottier disease.

Crisis: Sudden paroxysmal intensification of symptomth&course of a disease.
Event: Sudden change in the course of a disease towapdsvement or deterioration.
Genotype: Actual alleles present in an individual.

Haplotype: Set of closely linked alleles (genes or DNA polyptusms) inherited as a unit.
Hemolysis: Destruction of red blood cells with release ahleglobin in the circulation.
Kinetic method: Analytical method in which the rate of a reactmra related quantity is
measured and utilized to determine concentrations.

Sickle cell anemia (SCA): Inherited form of anemia that occurs in individuaith
homozygous inheritance of HbS.

Sickle cell disease (SCD)Genetic disorder that results from the presefeenoutated

hemoglobin (Hb S) can be homo or heterozygous.



ABSTRACT

Background

Sickle Cell Disease (SCD) an inherited conditionsel by a point mutation in the globin
gene of hemoglobin. The laboratory diagnosis of SEXenyatta national hospital (KNH) is
through hemoglobin electrophoresis. At KNH, thddal up of patients with Sickle SCD aims at
preventing malaria, pneumococcal infections andatéoldeficiency. Hydroxyurea is also
prescribed to reduce the occurrence of certain $Q@Mplications. Low socio-economic status
coupled with lack of awareness about the diseas®mmy of SCD patients is a hindrance to early
diagnosis and contributes to poor adherence tanesd, shortened life expectancy, frequent
sickle cell crises and early occurrence of comgibees. This has stimulated studies looking into
the use of already existing, less expensive, effeclaboratory tests for the detection of
complications with possibilities of recommendingithuse in the routine follow up of SCD
patients. This study was undertaken to look atredactate dehydrogenase (LDH) in SCD to
find out if as a marker of hemolysis, its elevatiwould correlate with the clinical manifestations

of the disease and the occurrence of complications.
Objective

To characterize the patterns of serum LDH levelsragnchildren with SCD aged 1-13 years
attending Kenyatta National Hospital (KNH).

Study designand setting

Descriptive cross-sectional study conducted atpidiatric hematology clinic, pediatric filter
clinic and the pediatric wards of KNH. The biocheatilaboratory tests were done at the KNH-
clinical chemistry laboratory and the hematologstdewere done at the University of Nairobi

(UON) hematology laboratory.



Methods:

A total of 145 children with SCD aged 1 to 13 yeamre recruited into the study after an
informed consent was signed by their parents ordjames. A questionnaire to collect data on age
gender, presenting complaint, current medicatieduwsnd recent medical history in the last one
year was filled. Blood samples were collected fog total blood cell count, peripheral blood

film, reticulocyte count and the total serum LDHéé
Data handling

The generated data from the questionnaire, theaakekxamination and the laboratory tests was
entered into a computer data base, cleaned angzadahrough statistical software for analysis:
SPSS (version 17.0). The results were expressedraphs and tables and presented in
mean/median and percentages.

Results

A total of 145 children were recruited into the dstuMales were 57.2% while females were
42.8% and the median age was 5years (IQR: 3.0)- Bh@ disease duration had a median of 36
months (IQR: 13 - 36 months). Hydroxyurea therapgswdocumented in 43.4% of the
participants. The complications diagnosed at thee tof presentation were thrombotic events
accounting for 47.4% and these were representegduyful crises in 31.6%, neurological
complications in 10.5% and skin ulcers in 5.3%;mbbtic complications were documented in

5.2% of participants while the presence of infatsiwas documented in 47.4% patients.

Serum LDH levels were measured in all the partitipaand a mean of 628 IU/L (reference
range: 180- 360 IU/L) recorded. Majority of panbants (93.8%) had serum LDH levels values
above the reference range. Anemia was present % @articipants and leukocytosis in 59%
patients. Platelets counts within reference rangeewecorded in 80 % of the participants. No
significant correlation was demonstrated betweersgrum LDH levels with the disease severity
or the presence of complications. The study fingliregtablished a significant relationship
between the elevation of serum LDH level and gendbereby male participants were

predominant in the group with high serum LDH levéhere was a significant correlation

between the elevated serum LDH levels and preseh@memia. No statistically significant
2



correlation was found between the serum LDH letleé white blood cells, platelet or the
reticulocyte count.

Conclusion:

This study established a mean serum LDH level &&2U/L in children with SCD attending

KNH. The most commonly diagnosed complicationsrasentation were thrombotic events and
infections each documented in 47.4% patients. Thesglications showed no correlation with
serum LDH level. Although a significant correlatibetween elevated serum LDH with gender
and presence of anemia was seen, no significarglabon was found between the serum LDH
levels, the WBC count, platelets count or the tdticyte count. This study demonstrated that in
children with SCD at KNH the serum LDH level is rotmarker for severity of the clinical

manifestation or predictor of complications of thisease.
Study recommendations:

From this study findings, serum LDH level may bediso predict for the presence of severe
anemia in children with SCD at KNH. It however cahbe used as a marker of severity or to
predict for disease severity and occurrence of dicatpons.



1. INTRODUCTION

SCD, the most common monogenetic disorder worldwaféects an estimated 30 million
persons and represents a major public health comegrause of its association with a significant
morbidity and mortality (1). Despite extensive sésddone about this disease, the sufferers
continue to experience a heavy psychological, playsind financial burden in the control of the
disease and the prevention of its complicationsD $@s declared a public health priority by

WHO with emphasis on neonatal diagnosis of SCD (2)

In the developing world, the medical facilities @amadequately equipped and this translates into
a reduced life expectancy amongst SCD patients théhmajority of them dying before the age
of 15 years. Most of the disease complications Hmseen described to occur in early childhood

hence the need for early diagnosis (3).

The disease severity is related to two major eyeardso-occlusion and hemolysis which are
clinically interlinked (4). There are several ladory markers of hemolysis but none of them is
specific and these are used in combinations of dwenore with correlation with the clinical

picture (5). Serum LDH level was used in this stadyone of the markers of hemolysis and its

choice was related to its availability and low ot

This study was undertaken to look at serum LDH lleaed see if its elevation can be used to
determine the likelihood of complications amondadian with SCD attending Kenyatta National
Hospital.

2. LITERATURE REVIEW

2.1. SCD definition:

Sickle cell disease is an inherited condition, itasy from a point mutation in th@- globin

gene of hemoglobin. This leads to substitution b§rfiine for Adenine in the"6codon of the

globin gene. The result of this mutation is thenfation of abnormal hemoglobin "Sickle

hemoglobin or hemoglobin S (HbS)”. The HbS has d¢hpacity to polymerize under certain

conditions in particular, hypoxia and dehydrati@i. (The disease occurs in both homozygous
4



(commonly referred to as sickle cell anaemia: S@#AJ heterozygous forms (Sickle cell disease:
SCD) (8).

2.2. History of Sickle Cell Disease:

Symptoms of SCD were known in Africa by various meanwell before it was scientifically
documented and this can be traced back to 167&enGhanaian family (9)n 1910, the first
scientific description was made by James Herriclo whserved “Peculiar elongated sickle shaped red
blood cells” in an anemic black medical students eport led to the recognition of hundreds of

hemoglobin synthesis abnormalities and advanceslimiology, physiology and geneti(3, 10)

In 1917, Emmel described the sickling phenomenevitio, among members of one family and
suggested the genetic basis for sickling. In lastedies, sickling was proven to be due to oxygen
deprivation (11). Huck and Sydenstricker in theittier detailed analysis concluded the disease

to be inherited in a Mendelian autosomal recessiang (12).

2.3. Prevalence and geographical distribution:
In Africa, 230,000 children are born each year VA and a high mortality is reported due to

malaria, bacterial infections and anemia. Thereaarestimated 200 million carriers of the sickle
cell trait worldwide. Currently, in USA 6-10% ofdlchildren born of African American parents
have the Sickle cell trait (10).

In Kenya, although studies to evaluate the prevaesf the sickle cell trait have been done in
the past, no recent study on the country-wide peeea of SCD is available. It has been
estimated that the sickle cell trait prevalenceasable from one ethnic group to another, from
0% in the northeastern Kenyan population to thédst) prevalence of 40% found among the
Bantus of the southeastern coast (11).

Majority of SCD patients in Africa die before thgeaof 15 years while in the developed world
SCD patients are living beyond 40 years (10). Oiespmited resources in most African
countries, life- expectancy is improving with tirtfeugh mortality remains high (13). This has
been attributed to a better understanding of teeadie management, early diagnosis and timely
application of therapeutic measures.



2.4. Pathophysiology of the sickle cell diseasecacomplications:

Under conditions such as hypoxia or dehydration$ igblymerizes but this is reversible in the
early stages upon reoxygenation or rehydratiothémnabsence of these corrective measures or in
cases of repeated sickling, the RBCs change ineshapomes irreversible and this results in the

sickled RBCs acquiring pathogenic properties (3).

The risk factors for the development of sickle agbo-occlusion include HbS polymerization,

sickle cells deformability, blood viscosity, thedtion of the dense cells, sickle cells endothelial
cell adherence, endothelial cells activation, hastat activation, vascular tone and

contributions from white blood cells and plateléfkis is through a multistep process involving

the sickle erythrocytes, the leukocytes and thethadial cells (14).

The other major pathological phenomenon in SCD emdlysis with both intra and extra
vascular hemolysis occurring concurrently, with ther accounting for two thirds of the total
hemolysis (4). The polymerization of HbS leads B0 membrane defect, shortened life span
and manifests itself as hemolytic anemia. SickleBCR through their damaged cellular
membrane express abnormal adherence moleculesetwatcular endothelium, monocytes,
macrophages and are hence earmarked for phagacytosiugh complement fixation (3).
Okpala et al. in their study on the role of leukesyin the SCD pathophysiology demonstrated
that the recurrent inflammation and vasculopathgsent in SCD leads to leukocytes and
endothelial cell activation with increase in adbasmolecules expression. Thus, leukocytes

specifically neutrophils, contribute to the vasalasion in SCD (15).

2.5. Clinical features:

The disease is present from infancy with a mild dlgtic anemia apparent by 10-12 weeks of
age. This lack of clinical manifestations in edifyg is related to the high level of HbF in post-

natal life preventing the sickling of HbS contagiRBCs (10). The symptoms are not usually
apparent until the second half of the first yealifef Splenomegaly is first noted after the age of
6 months and the first vaso-occlusive episode pee&nced before the age of 6 years (16). In

early infancy, the hand and foot syndrome is comntire first sign of SCD. This often occurs



early at the age of 6 to 8 months and resolvestapenusly in 1 to 4 weeks. The hand and foot

syndrome is rare in SCD patients above 4yearsioy (

At steady state, SCD patients have a persistenollyim anemia, interspersed with acute
episodes of crises. These crises result from séatiea of blood cells in the lung, liver, spleen
and cerebral vessels with subsequent stroke itatee The severity of symptoms in SCD varies
from one patient to another depending on the SCplohgpe. SCD patients are prone to
infections affecting different organs and systerssoaiated with the hyposplenism or asplenia
accompanying the disease. The responsible micrarsms are mostly the encapsulated
bacteria such aBlaemophilus influenzand Staphylococcus Pneumoniathese patients also
suffer from osteomyellitis caused Wyalmonellaspecies,Staphylococcus aureusr gram

negative enterococci (18, 19).

2.6. Complications of SCD:

In SCD, the acute complications occur mainly asexithat are divided into two main groups,
painful and hematological crises. There are 4 typefiematological crises, which are the

aplastic crises, hemolytic crises, megaloblasigesrand splenic sequestration (3, 8).

SCD patients are prone to infections due to thegmee of hyposplenism and asplenia caused by
repeated splenic infarctions resulting in loss @chanical function of the splenic vasculature
and defective activation of the alternate pathwiagoonplement. SCD patients need multiple and
often emergency blood transfusions putting thera aigh risk of HIV and other transfusion-

transmissible infections (20, 21).

The long term complications are chronic organ damadfecting various tissues and systems
such as growth and developmenmbnes and joints, central nervous system (delagedulage,
cognitive development and otherd)eart (cardiomegaly), therespiratory system (chronic
pulmonary disease, pulmonary artery hypertensiod)the hepato- biliary and gastro intestinal
system (cholelithiasis and others). The other mggaffected are the kidneys (nephritic
syndrome, renal failure and others), eyes (vastusine disease of the retina), skin (leg ulcers)

and the male genital organgriapism (22). SCD patients who are pregnant aee lagher risk



for small for age babies and exposed to a high afiyrtrate of 20-30% for mother and infant

without medical supervision (8, 23).

Odero A. found the prevalence of pulmonary arteygeitension among children with SCD at
KNH to be 49.4% (CI: 95%) where 86% had mild puhl@ag hypertension (24). Another
chronic complication of SCD is Iron overload reggtfrom frequent transfusions used in the

long term management of SCD patients and excesdating iron from severe hemolysis (25).

The determinants of severity in SCD are the leviefetal hemoglobin, the presence of
thalassemia, thg-globin gene cluster haplotype where the Bantudigpé has been particularly
associated with a severe disease expression aderg@6). Female SCD patients have a higher
number of F-cells or RBCs containing hemoglobinhBnt males making them less prone to

sickling events than their male counterparts (27).

Variants of SCD:

I.  Sickle cell trait (HbAS), has no hematological niesiations; it affects 8 - 10% of
African - Americans and up to 25-30% of the popaolatin West Africa (3). Its
prevalence in some ethnic groups of Kenya is uf0é6 (11).

IIl.  HbSC disease, accounts for 25-50% of patients 8@D of African origin. The HbC is
found in West Africa and its prevalence in Easti&sdris thought to be less than 1%. The
vaso - occlusive complications seen in SCD patiaritis Hb-SC resemble those of Hb
SS but are less severe (6, 28).

ll.  HbSP*-thalassemia has a preponderance of HbS while t@pPithalassemia has an
elevated HbA These forms are mostly found in eastern Meditexan region and India
(28).

IV. SCD with coexisten&-Thalassemia has a clinical severity similar to dhe seen in Hb-
SS. The carrier frequency faf thalassaemia in Kenya is 40- 50% (29).

V. Sickle Cell-HPFH has elevated Hb-F levels of 20-38#f46l this makes vaso-occlusive

complications rare (3, 30).



In Africa the major forms of SCD observed are dedirby the nature of abnormal hemoglobin
and these are the hemoglobin SS, SC, Bibthalassemia and Hb& thalassaemia (10, 29). In

Kenya, Ojwang et al. (1985) confirmed a high inacke of HbS heterozygocity in the than
district of Kisumu (31).

2.7. Diagnosis of SCD:
The diagnosis of SCD begins with a detailed clintwatory taking followed by a complete

physical examination. Suspicion for the presenceSGD is than confirmed by laboratory
investigations.

In patients with SCD, Hb electrophoresis showsgmes of HbS with low or absent HbA and in
some cases increased HbF. This is the diagnosticoshef choice used at KNH. Isolation and
guantification of hemoglobin variants can be dogelromatography; which has the advantage
of accurately diagnosing both the homozygous aadhéterozygous forms of the disease (30).
For antenatal screening, the method of choice Herdiagnosis of SCD or sickle cell carrier
status is the DNA analysis through PCR using fetiabd or cord blood (32).

The sickling test is positive for HbS solubility h& principle of this test is based on the
polymerization of HbS resulting in change of RBOsae (sickled RBCs) under certain
conditions. This test is easily available, but @ nsed for diagnosis as it does not discriminate
between the SCA ( HbSS) and the sickle cell castatus and it may not be reliable in early
infancy due to the high level of HbF that can gavialse negative result (33, 34).

2.8. Laboratory features:

The total blood count (TBC/ FBC/ CBC) reveals aremvhich is apparent from the age of 3
months and persists throughout life with hemoglatfiess or equal 80 g/l. The RBCs indices
may show a variable MCV and MCHC that may be lomrmal or high as it depends on

several interacting factors including reticulocysogresence of other hemoglobin variants(r

B thalassemia), folate deficiency, hydroxyurea thgrand others that tend to increase the MCV.
Leukocytosis is also frequently present.

On the peripheral blood film (PBF), the RBCs shavkplocytosis with sickle cells and target

cells as well as polychromasia and nucleated RBIOgell-Jolly bodies (RBCs inclusions) are

9



present as a sign of hyposplenism or asplenia.ciletytosis is present accompanying the

hemolysis (3).

Though bone marrow examination is not necessarydi@gnosis of SCD, it shows erythroid
hyperplasia with presence of sickle cells and iaseel macrophages that may contain sickle
cells. Foamy macrophages and sea- blue histiooyégsbe increased. On Bone Marrow biopsy,
the sickle cells are seen inside macrophages witliod vessels (30). In hypoplastic or aplastic
crises, the examination of the bone marrow aspirsh®ws extensive necrosis with

erythroblastemia that is usually related to parmevB19 infection (3).

Red cell hemolysis is clinically diagnosed by a bamation of elevated serum bilirubin, (total
and unconjugated, the latter being predominant, | Bdpartate transferase (AST), reticulocytes
count and a marked reduction or absence of hagimgia serum. Previous studies done have
established that the occurrence of the complicatisndirectly proportionate to the level of
hemolysis and suggested the use of hemolysis nsaakea way to predict the occurrence of
complications and disease severity (33, 34,35)udi8s done by O’Driscoll (2007), Makani
(2009) and Kato (2006) have demonstrated a coioaléietween the elevation of serum lactate
dehydrogenase levels, reticulocyte count, reduadioabsence of haptoglobin in blood , blood
flow velocity (trans-cranial Doppler ultrasound)danitric oxide resistance with the occurrence
of SCD complications such as pulmonary hypertengmwiapism, leg ulcers and stroke (6, 12,
36).

LACTATE DEHYDROGENASE

Lactate dehydrogenase (LDH) is an enzyme thatyzslthe conversion of pyruvate to lactic
acid as a final product of glycolysis when oxygsrabsent or in short supply and catalyzes the
reverse reaction in the liver when oxygen is predenng the Krebs cycle (36). LDH is present
in all the body cells and is found in high concatitm in muscle cells, kidneys, erythrocytes,
leucocytes, lungs, lymph nodes, spleen and braif). (3his makes serum total lactate
dehydrogenase a nonspecific marker which has totbpreted in a context of other markers of

disease.

10



LDH has 5 iso-enzymes found in different organsH-D in the heart, LDH-2 in the red blood
cells, LDH-3 in the lungs, LDH-4 in the kidneys alidH-5 in the liver and striated muscles (38).
The electrophoretic separation of LDH iso-enzymas lbeen overtaken by other diagnostic tests

that are more organs specific and more efficient.

The reference range for serum LDH is 180-360 U/Lchmldren as recommended by the
International Federation of Clinical Chemists ( B)Cand 125- 220 IU/L in adults with no
gender differences (38). Among the factors affectire serum LDH levels are physical exercise
that leads to temporary increase and blood traimsfushich causes a transient increase in the
first 24 hours after transfusion. There is a daglag variation of serum LDH of between 5-10%
(38).

Serum LDH level is elevated above the referencgean hemolytic states and this has been
demonstrated in studies done on SCD patients. Téteskes have demonstrated a correlation
between the serum LDH level and other markers ofdigsis such as bilirubin, reticulocytosis,
aspartate amino transferase (AST), haptoglobinahdrs (6, 36). Similarly, studies done by
Steinberg (2005), Kato (2006) and Miller (2000) dademonstrated the existence of a
correlation between the serum LDH level with nemsk for SCD severity, HbS level,
leukocytosis, hemoglobin concentration and plasrgaase activity level (35, 36, 37). In 2004,
Stuart (et al) found the mean serum LDH levelsdaaignificantly higher in children with HbSS
compared with those with HbSC and established gkabtype is an important determinant of
LDH serum level. In the same study, the level afuse LDH level in children with SCD
(HbSS) was found to correlate with presence of ameraticulocyte count, AST and creatinine
level (39).

A low serum LDH level has been reported in SCDgrds on chronic transfusions and in those
on continuous hydroxyurea therapy. This is attebuto the effect that hydroxyurea has on

prevention of RBCs sickling through increase in Hiéel (6, 38).
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2.9. Management of SCD:

Approach to management of SCD is through compretenmedical care focusing on
prophylaxic measures aimed at preventing SCD mklatemplications, parental education,
psychosocial support, periodic medical assessmigntmonitoring of chronic organ damage and
treatment of acute illness (40). Supportive treatnoé SCD is directed at preventing the triggers
of vaso-occlusive crises such as infections, fedehydration, acidosis, hypoxemia, exposure to
cold, strenuous physical exercises and others. Smfitke measures used are prevention of
pneumococcal infections through penicillin propkyga malaria prophylaxis (in endemic areas
for malaria), vaccination against encapsulateddsecsuch as pneumococcal vaccine as well as
vaccination against transfusion transmissible imd@s such as hepatitis B and hepatitis A.
Dietary advice and supplements such as folate, el6 ag physiotherapy, psychotherapy,
orthopedic care, drug dependency counseling ange@adw use of family planning methods in
women with SCD are part of a comprehensive cbrecenters with advanced laboratory
equipment, genetic counseling is offered to thasemts at risk of producing children with SCD
(1, 3). SCD patients on follow up in various lod=alth institutions are on standardized
treatment of hydroxyurea therapy, for preventior8GD complications, folate supplementation

and malaria prophylaxis in keeping with the epidgdogy of malaria.

There are three major therapeutic options curremibilable for the treatment of SCD namely

blood transfusion, hydroxyurea therapy and boneematransplantation.

Blood transfusions are used to top up hemoglobmexchange transfusion, hyper transfusion or
prior to surgery. A review done by Amrolia (et ah) his study on children with SCD in
Philadelphia (2003), found that 50% of SCD patied received at least one red cell transfusion
in their lifetime while 5% of them will be on chrigntransfusions (41). Sumba in his M. Med
dissertation (2004) reported that 53% of childrethvE6CD attending KNH had at least one

transfusion in their lifetime (42).

Hydroxyurea was first synthesized in Germany in9.86 an anticancer drug and has been used
to treat myeloproliferative disorders, leukemialanema and ovarian carcinoma (43). In SCD it

exerts its benefits via a number of mechanisms asdictivation of Hb F synthesis and arrest in
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erythroid precursor cell development. The lattexdke to the recruitment of earlier erythroid
progenitors with a greater capacity for hemoglobymthesis thus stimulating increase in
macrocytic red blood cells less likely to sickleydfioxyurea has also an effect on correction of
red blood cells density, improvement of blood vty with inhibition of HbS polymerization

in erythrocytes and myelosuppression especiallynefitrophils. In the intravascular space,
Hydroxyurea mobilizes the nitric oxide which ac¢saanatural vaso-dilator resulting in improved
blood flow. The most commonly observed toxicityhygdroxyurea is transient myelosuppression.
At the recommended dose of 25mg/kg so far, no seadverse effects or effects on growth in
children have been reported. The factors prediatasponse to hydroxyurea are baseline Hb F
level, baseline Hb level, compliance, maximum talde dose and absence of Bantu haplotype
(41, 44). In SCD patient care at KNH, the presaipof hydroxyurea is limited to those patients
who have had vaso-occlusive episodes requiring sgiom more than twice in a year. These
criteria vary from centre to centre with some centeeadily putting patients on hydroxyurea
therapy (45).

Although bone marrow transplantation or stem celhs$plantation remain the only curative
therapy for SCD, stringent selection criteria alléswer than 10% of children with SCD to
undergo the procedure. The major barrier is thahdtose selected under such criteria have to

get a matched sibling donor preferably with an tobah human leukocyte antigen (HLA) (41).

The other treatments on trial are short chain fatigs, for the modulation of Hb F level, gene
therapy and administration of modifiers of oxygdfindy, membrane active drugs and drugs
interfering with adherence of RBCs to the endottelells (44).

3. RESEARCH QUESTION

Can the level of serum lactate dehydrogenase be asea marker for disease severity and
complications in children with sickle cell disease?

13



4. RATIONALE

Every year in Africa 230,000 children are born hwisickle cell disease to already
financially burdened families. In Kenya the diseasendemic with a high prevalence in some
communities. Majority of children with SCD die befothe age of 15 years due to its
complications. Complications are related to the digsis and vaso-occlusions that characterize
the disease. Despite this, few local studies haenldone on SCD and this is expressed by a
paucity of data on SCD in Kenya.

This study will use the measurement of serum LDl in children with SCD aged between 1
and 13 years and attending KNH, as a marker of heisoto assess whether its elevation
correlates with the disease severity and occurreh@mplications. The obtained results will
serve as a basis for recommendation on the useromsLDH levels as a routine test in the
follow up of children with SCD.

The expected outcome in the appropriate use of EFESCD monitoring will be a reduction in
the occurrence of complications and improvementhin life expectancy of the children with
SCD attending KNH. In addition, the data collectatl be used to establish the reference ranges
of serum LDH level in children with SCD at KNH.

5. OBJECTIVES

5.1. Broad Obijective:

To characterize the patterns of serum LDH levelsragrchildren with SCD aged 1-13 years
and attending KNH.

5.2. Specific Objectives:

Measure the total Serum LDH levels in children v8@&D aged 1 to 13 years.
Document SCD complications in SCD patients.

Correlate the serum LDH levels with occurrence @DScomplications.

e

Relate serum LDH levels with Hydroxyurea therapy.
14



5. Correlate the total serum LDH levels with: hemoghdievel, WBC count, platelets counts
and the reticulocyte count.

6. METHODOLOGY

6.1. Study design:

This was a Descriptive Cross- sectionalstud

6.2. Study area:

KNH departments where children with SCD are attdrtde hematology clinic, pediatric
filter clinic and pediatric wards.

6.3. Study population:

Childrenwith SCD aged 1 to 13 years and attending KNH asgpatients or admitted in the
pediatric wards.

6.4. Sample size:

Calculated using the Fisher’s formula;

n=_%/2xP (1-P)
d
n=139

Where:

n = minimum number of childreitwSCD recruited.
Z,»= standard of normal deviate at 5% level of sigaifice (95% CI) is 1.96.

P = known prevalence of high LI2del in patients with SCD at 90%.
D = margin of error precision (5%)
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6.5. Inclusion criteria:

1. Children between the age of 1 and 13 years diagntsehave SCD on Hb
electrophoresis.

2. Children with SCD attending the hematology clinilce pediatric filter clinic or
admitted in the pediatric wards at KNH.

3. Children whose parents/guardians have consenti tenrollment into the study.

6.6. Exclusion criteria:

All Children with SCD were enrolled into theidy except those whose parents/ guardians

declined consent for their enrollment.

6.7. Sampling methods:

SCD patients attending KNH were sequentially ermbihto the study until a study size of
145 was achieved. The higher number was to ¢atethose who may have insufficient

samples or may not meet the criteria.

6.8. Participants recruitment:

1. Children with SCD were consecutively enrolledlasytattended KNH hematology
clinic, the pediatric filter clinic or were admittén the pediatric wards.

2. A written consent was obtained from parents/ g@ensliy the principal investigator
(Appendix I).

3. SCD diagnosis was confirmed from the Hb electropbisrresults present in the
children’s medical records.

4. Data on presenting complaint, expressed by themadr the guardian; recent medical
history (in the last 1year) and current medicatisad (hydroxyurea) was collected and
entered into the study data collection form as aglthe findings on physical examination

and newly diagnosed complications (Appendix I).
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6.9. Blood specimen collection:

1. From each participant a sample of four milliteof venous blood was obtained and

divided into 2 aliquots of 2ml in an EDTA contairfer full blood count, reticulocyte count

and peripheral blood film while the other 2ml cotled in a plain blood container was used

for measurement of serum LDH level.

2. Transport to the Hematology and the clinicalnois#ry laboratories was done within 4

hours of sample collection to reduce the changas dkcur in anticoagulated blood at

ambient temperature. These changes are especialligeth in leukocytes, platelets and

reticulocytes.

6.10. Laboratory procedures:

1.

In the Clinical Chemistry laboratory, the clottdddd in a plain container was promptly
separated and the aliquots of serum obtained weredsat room temperature and serum
LDH measurement performed within 24 hours.

Serum LDH measurement was done by a kinetic metisoty a two part liquid reagent
supplied by the manufacturer. The LDH activity wasasured utilizing Pyruvate as a
substrate. The activity was determir®dthe rate of increase in absorbance at 340 nm
using the “Olympus-640" (Chema Diagnostica) and tbsults obtained expressed in
international Units per Liter (IU/L). The referencange in pediatric populations is 180-
360 IU/L as recommended by the IFCC (38).

In the Hematology laboratory, preparations for bidiéms and reticulocytes counts were
done, than the blood cell counts were done withiodrs. The remaining samples were
stored under refrigeration af 46°C for up to 7 days. The hemogram was done by
automation using” CELL DYN 1300” (Abbot). This is multiparameter automated
hematology analyzer (Appendix IV).
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6.11. Quality assurance:

. The personnel involved in this study were phlebastenexperienced in dealing with
pediatric patients, laboratory technologists andhgagists already working in the
Hematology and Blood Transfusion unit.

. Proper archiving was done.

Quality control material was used in all the tgssformed.

4. Prompt separation of the plain blood sample wasedwaith consideration that LDH
measurement results can be affected by presentemblysis, use of plasma instead of
serum, delayed separation of red blood cells beybuddys at room temperature or 4€4
due to the leakage of LDH from the platelets.

Storage of the samples and reagents was at toemneended temperatures and charts were
utilized to record the daily temperatures of theigerator.

All the tests were done in clinical chemistry aneimatology laboratories that have an
internal quality control programs and participatexternal quality assessment schemes.
Peripheral blood films were examined by the ppatiinvestigator and checked by a
supervisor before the recording of the results.

. Each 18 reticulocyte preparation was counterchecked bplmded” qualified third party
(senior technologist).

. The assay procedures were done as per standamtioggsrocedures (SOPs) established in
both the hematology and the clinical chemistry tabaries respectively and observing

guality assurance measures.

6.12. Ethical considerations:

1. Approval from the Kenyatta National Hospital- ilarsity of Nairobi Ethics and Research
Committee (KNH-UON ERC) was first obtained to penficthe study (Appendix V).
2. Prior to the recruitment of participants, anomfed consent was obtained from the

parent/guardian. (Appendix Ill).
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3. Confidentiality was observed.

4. Participants whose parents/guardians refusgivéothe consent were not denied their usual
care.

5. Results were made available to the attendirygipians.

6. All care was taken to ensure patients safetycamfort.

6.13. Data management:

The data collected in the data collection form watered into the data sheet using EXCEL,
cleaned and transferred to an SPSS sheet whess iamalyzed using the statistical package for
social sciences (SPSS) version 17.0.

The study population was described using propaostidor categorical variables and
means/medians for continuous data. Chi squarewast used to find out the associations
between serum LDH level categories and the presehcevere disease, complications and
hydroxyurea therapy. Odds ratios as estimatess&f wiere reported alongside the chi square
tests. Total blood cell counts were compared betwke two levels of total serum LDH using
tests to compare the means and tests to comparemee@ann Whitney U-test). Spearman
correlation was performed to correlate the totabdicell counts and the LDH levels.

All statistical tests were performed at 5% levels@hificance. (Confidence interval=95% with
P-value 0<0.05 considered statistically significant). Thelfimys were presented in percentages,

tables and graphs.
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7. RESULTS

A total of 145 children aged between 1 and 13yeame recruited into the study from July to
April 2010. Of these participants, 128 were re@difrom the hematology clinic (Clinic no: 23),
11 were admitted in various pediatric wards ancbénfthe pediatric filter clinic. The median age
was 5 years with an inter-quartile ratio (IQR) d?-8.0. The disease duration had a median of 36
months with IQR of 13-36 months while the mean agediagnosis was 12 months. The
genotype of 25 participants was HbSF while 12@d HbSS.

Gender distribution of the study participants.

Of the 145 recruited participants 83 (57.2%) weraemwhile 62 (42.8%) were female. The

female to male ratio was 0.7:1. In all the age gspuhe males were more than the females.
Distribution of the participants by age-groups.

The study participants were divided in 4 age grompsle up of both males and females. There
were a total of 44 (30.4%) participants in the ggrip of 1- 3 years which was the highest. The
lowest number of participants was in the age graiup-9 years: 28 (19.3%) as demonstrated in
the figure 1.

Figure 1. Distribution of participants by age and gender.
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Total serum LDH values

Total serum LDH level was measured in all the paréints (n=145). The mean serum LDH level
was 628.8 IU/L. The lowest serum LDH value measw@d 192 IU/L while the highest was

1583 IU/L. The total serum LDH reference rangedusethis study was the IFCC recommended
for pediatric age: 180- 360 IU/L (37). Out of 14arjicipants 93.8 % had elevated serum LDH.
The highest number of participants, 51.7% (n=7%) $erum LDH levels between 361-729 IU/L

while the lowest number of participants, 2.8% (nkd)l serum LDH levels between 1441-1800
IU/L. This is illustrated in the table below.

Figure 2: Total serum LDH levels (n=145).
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Complications dagnosed at time of presentatio

At the time of presentatiowariouscomplications were diagnosed amdigparticipants (39%).
The diagnoses were made using data the clinical presentationphysical examinatio
relevant laboratory tests and excluding any-existing SCD complication. The predomin
complications werethrombotic events in 47.4% tl were represented bpainful crises,
neurological complication and leg ulc. In equal prevalence, the infectic were diagnosed in
47.3% of participants whilehe hemolytic complications were documented in 5(h=3) who
had severe anemia (hemoglobi<5g/dl with or without signs of cardiac functi
decompensation) which was found only one age group, 8-years. Te infections were
documented imall age groups with a peak age- group 1-3yearshe figure 3 shows the
distribution of complication®y age groups and frequency of occurreasehey are commonly

described in the area of study (KM

Figure 3: Complications, frequency by age groups.
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Distribution of total serum LDH level by age groups

Out of the 145 recruited participants, the lowestiimn serum LDH was: 561 IU/L. The highest
serum LDH value was recorded in age group 7-9 yestts a median of 698 IU/L while the

lowest was in the age group 1-3 years: 561 1U/lis Tillustrated in the figure 4 below.

Figure 4. Serum LDH levels by age groups.
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The next graph shows individual distribution of #eum LDH levels by age. (r = 0.149 and a
P-value of 0.075.) There was trend in the distrdubf serum LDH by age as shown in the
graph below.
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Figure5: Individual serum LDH values by age.
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Complaints at the time of presentation:

The presenting complaints were reported by therqdeticipants themselves or their parents or
guardians in 39.4% (57) cases. The major complagpsrted were cough and fever. These were
categorized into 3 groups according to severityild Mvhere treatment may not be needed and
the participant, parent or guardian was reassunddirecluded cases such as running nose, dry
cough without fever. Moderate, where the conditicas more severe but could be managed at
home with treatment; and severe, where urgent ailmnior in-patient care was needed.

The serum LDH median amongst the children who mitesewith complaints was 600 1U/L
(IQR: 256.1) while those who did not report any @damt had a median of 659 IU/L (IQR:
261.4). The P-value was: 0.183 (statistically ngiiéicant).

The table 1 shows the various complaints reported.

Correlation between the complaints severity andstieim LDH level: the median of serum
LDH was 591 IU/L in children who presented with qaaint of mild severity, 610 IU/L in those

with moderate severity complaints and 524 in theke reported severe complaints.

Table 1: Complaints at time of presentation

Complaints Nature of complaints N: Serum LDH
level (IU/L)
Attributed to SCD. -Pain: joints and bones. 16 725
-Body weakness and malaise. 8 563
-Convulsions. 2 587
Related to infections.| -Cough and fever. 19 549
-Abdominal discomfort: nausea, diarrhea and7 572
vomiting.
-Dysuria. 2 460
Others. -Skin lesions. 2 599
-Injuries. 1 509
Total. 57
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Admission in the last 1 year and transfusion status

In the last 1 year, 70 (48.2%) out of the 145 pgoéints have been admitted with various
diagnoses. These were SCD related conditions dmsohot related to SCD. The most common
diagnosis was severe anemia diagnosed in 20 childi®7%), followed by painful crises and
others as shown in the table 2 below.

Of the admitted children (n=70), 36 (24.6%) wemlnsfused with the majority of them (n=33,
22.7%) receiving 1 unit of packed red blood celisle while the rest received each 2, 3 and 4

units respectively.

Table 2: Reasonsfor admission in thelast 1 year.

Related to the SCD crises: N: Serum LDH
level: IU/L
-Severe anemia. 20 570
-Painful crises. 16 624
-Hemolytic crises. 2 761
-Cerebro- vascular accidents. 2 530
-Hemiparesis. 1 357
-Acute chest syndrome. 1 615
Not related to SCD crises:
-Respiratory tract infections. 6 549
-Trauma. 6 536
-Gastro-enteritis. 4 689
-Febrile illness. 4 725
-Malaria. 4 621
-Urinary tract infections. 4 587
Total: 70

26



Reticulocyte counts in participants.

The reticulocyte count was done in 142 participast 3 samples were rejected due to inadequacy
for evaluation. The counts were expressed in bbgolate counts (xffL) and percentage. The
median was 285.5 x 10L. (IQR= 196-419 x 1YL). 10 participants (7%) had counts within the
reference range by age as published by Dacie andsL@&0-100x18L) (46). The rest of the
participants 130 (93%) had elevated reticulocytents.

Blood cell counts.

The most commonly encountered abnormalities werekdcytosis recorded among 59% of
participants with a mean of 15.3 x’lqSD: 4.8) and low hemoglobin level among 97%hwat
mean Hb of 7.7g/l (SD: 1.6). These values are suizedhin the table 3.

Table 3: Blood cdllscountsin children with SCD.

Parameters Mean(SD)/ Low Within reference | High

Median(IQR) fanges

N (%) N (%) N (%)

WBC (x10 /) 15.3 (4.8) 2 (1) 57 (40) 85 (59)
Hemoglobin (g/dl) 7.7 (2.4- 3.3) 140 (97) 4 (3) 0
Platelets 347 (112) 8 (6) 112 (80) 20 (14)
Differential WBC ( x10)
Neutrophils 6.2 (2.7) 4 (3) 103 (73) 34 (24)
Lymphocytes 7.5(5) 0 106 (75) 35 (25)
Monocytes 0.6 (0.3-1.1) 8 (6) 94 (66) 39 (28)
Eosinophils 0.3 (0.1-0.5) 19 (14) 114 (80) 8 (6)
Basophils 0 0 134 (95) 7 (5)
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Status of hydroxyurea therapy.

Sixty eight (47%) of the recruited participants e@en hydroxyurea therapy at different doses.
Out of these, 50 (73%) were on a dose of 500mgl@mnate days while 18 (27%) were on
500mg once a day. From the findings in this stuggroxyurea therapy was initiated from the
age of 4-6 years at a dose of 500 mg on alterreate though smaller number of participants in
this age group was on 500 mg once a day. A sirtgladlency is noted in the next age-group of 7-
9 years. In the older age-group of 10-13 yearstethe a similar number of children on
hydroxyurea 500mg on alternate days and on 500mg arday. This is illustrated in the figure
6.

Figure 6: Hyydroxyurea doses by age groups.
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Correlation of LDH level with the presence of comptations.

Correlation of serum LDH by gender shows that npalgicipants were more than female likely
to have a high serum LDH, on correlation by presesiccomplications, the serum LDH level
was high among the participants with complicatiaasvell as those where no complication was
diagnosed. Similarly, on comparison of serum LD¥Els by genotypes, those participants with
HbSS and HbFS had elevated serum LDH values. Gevalean important factor in serum LDH
elevation as males participants were more likelyhtwe a high serum LDH level with a

statistically significant P-value of 0.025.

Table 4: Correlation between the total LDH levels with gender and presence of complications.

Serum LDH levels Females Males P-value
with gender

Serum LDH levels 577.7 (194.5) 667.5 (258.0) 0.025
Mean(SD)

Serum LDH levels Yes No P-value
with complications

Serum LDH levels 600.0 (256.1) 647.7 (221.9) 0.238
Mean (SD)
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Correlation between the serum total LDH level and kidroxyurea therapy.

Table 5 shows a summary of the correlations ofradntal LDH levels compared in groups on
different doses which had a P-value of 0.466. A ganson was done between the groups with a
high serum total LDH levels at different doseshgtiroxyurea and the obtained P-value was

0.597 ( both P-values were not statistically sigatifit).

The participants who were on a dose of 500mg ofdyydirea on alternate days had a mean
serum LDH level of 695 U/l (+ 242: SD), while tlomes who were on hydroxyurea 500mg once
a day had a mean serum LDH level of 669 IU/L (£:25B). On comparing the two groups, the
P-value was 0.720.

The table below demonstrates the correlation betwd#ee groups on various doses of

hydroxyurea among the participants who had elevedeaim LDH levels.

Table 5: Correlation between the serum LDH levels with hydroxyurea therapy.

500 mg on 500 mg once a| P-value

alternate days. day.
Mean(SD) 672 (256) IU/L| 618 (280) IU/j 0.466
High LDH 46 (93.9%) 15 (88.2%) | 0.597
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Correlation between the Serum LDH levels and reticlocytes count.

Absolute reticulocyte counts were recorded irfedént age groups. In the age group of 1-3
years, all participants had reticulocytosis (>10Q0% : APPENDIX ) with a group mean of
334.1 x 18/ while in the age group of 7-9 there were moretipipants with reticulocytosis
compared to the ones who had counts within refereacge. The group mean in this age group
was 265.2 x 1%l. In the other age groups (4-6 and 10-13 yeans)e participants had counts
within the reference range.

The correlation between the reticulocyte counts thedotal serum LDH levels is demonstrated
in figure 7 below. The Pearson correlation coefiitiwas: - 0.048 while the P-value was 0.611.

Both were not statistically significant.

Figure 7: Reticulocyte counts correlated with serum LDH levels.

2000 o
o
1500 o
=
=
= ©
An [e]
[ o =
a
o o
1000 o
o o°g & o o
3 § © _°"°§ o © 5
2 £ ° B So ©
[ 1]
o & °g°8p & g o ©
o % @O Qo e o
=00 o § (o] o o
o % ~ © 2
O @ (=] o [»] o o (=] o o
o & ® 5 J o
o = o
o
T T T T T T
0 200 400 600 800 1000

Reticulocyte counts

31



Correlation between the total serum LDH levels withblood cell counts.

The table 6 summarizes the correlation betweerblihed cell counts and the total serum LDH
levels. This was done using the Spearman corralafisignificant correlation between the high
total serum LDH levels and the low hemoglobin Isvelas demonstrated with a P-value of
0.014.

Table 6: Correlation between laboratory results with the serum LDH levels.

Parameters Spearman correlation P-value
WBC 0.70 0.402
Hemoglobin -0.204 0.014
Platelets -0.133 0.118
Neutrophils 0.135 0.110
Lymphocytes 0.017 0.840
Monocytes 0.077 0.366
Eosinophils 0.097 0.254
Basophils 0.070 0.410
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8. DISCUSSION

The diagnosis of SCD in Africa is usually madehe first year of life. This corresponds to the
occurrence of the first SCD complication (10). lhiststudy, the mean age at diagnosis was 12
months and in most children it coincided with tHest admission. The lack of awareness about
the SCD in both the general population and the grynmedical care providers plays a role in the
late disease diagnosis. There are no screeninggmsgin most developing countries and SCD
diagnosis at birth remains rare. Children with S&Brt experiencing symptoms in their first
year of life, but even the presence of these symgfails to raise the index of suspicion among
the primary medical providers whose attention israndirected towards infectious diseases
rather than hemoglobinopathies. This is due to re¢\factors like the non-specificity of SCD
symptoms, lack of diagnostic facilities combinedhapoor evaluation of blood picture in most
of the health facilities, long distance betweerséh&cilities and the population settlements and

the poor socio-economic status of the majorityhef population.

In this study, 145 participants were recruited. wére homozygous for SCD and aged 1 to 13
years. The mean age at diagnosis was 12 months.fifding compares to that of Diallo et al.
who found that in Africa, SCD is diagnosed in tirstfyear of life and this coincides with the
occurrence of the first SCD crisis (10). Particizahad a median age of 5years with a ratio of
male to female: 0.7:1. On distribution by age gsyuihere were two peaks: in age group 1-
3years (30.4%) and age 10-13 years (23.4%). A teo@op in number of participants in age
group of 4-9 years may not be related to SCD. Wiccde related to other causes of mortality in
children in that age group that prevail in thissaand population that has long been documented
to be associated with diseases such as bacteiial, and parasitic infections as well as

malnutrition (10).
In the last one year, 70 (48.3%) participants heehbadmitted with various diagnoses. The most

common diagnosis directly related to the sicklé ceses was severe anemia which was defined

as hemoglobin below 5g/l with or without signs ddraiac function decompensation and
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necessitating urgent medical intervention; this wegnosed in 13.7% of participants (n=20)

while those admitted due to various infections WiE3e% (n=28).

On the status of transfusion, in the last 1 ye@r(23.8%) participants had been transfused at
least one unit of blood. This high figure for fremey of transfusions is related to the fact the
major indication for transfusion in SCD is severemia and in some cases hyper transfusion

therapy is used for prevention of sickle cell coicgiions such as stroke. (3, 8, 44).

The mean serum LDH level in this study was 628.8 IUFCC reference range for children:
180- 360 IU/L) (38). This value correlates with thedings of O’Driscoll who compared the
serum LDH levels between children with Hb SS and % and found the mean serum LDH
levels to be 581 IU/L among the children with themwozygous form of SCD (Hb SS) (6). In a
Nigerian study, by Aliyu et al, the mean serum LI2Mel was 441 IU/L (47). In this study, the
serum LDH levels was predominantly high in the ggaup of 7 to 9 years with a median LDH
level value of 698 IU/L, no reason was found tolakpthis high value of serum LDH at this
particular age. The serum LDH levels were furthixssified for ease of comparison, using
doubling values with a baseline as the referenegaaecommended by the IFCC. Only 6.2% of
the participants had serum LDH values within rarvgéh the rest having elevated serum LDH
levels where there was a peak of 51.7% children kdwoh serum LDH values between 361-720
IU/L.

At the time of presentation, various complaints evegported in 57 (39.4%) participants. The
most common complaint reported was cough and fievg&® (13%) participants. By the intensity
of these complaints participants were divided gr@ups. The %group had mild complaints; the
2" group had moderately severe complaints while tfegBup was made up of those
participants with severe complaints. The mean sdrDid level was high in all these 3 groups
and no trend was found between the elevation ains&DH levels with the presence or absence
of complaints. The correlation between the serunHUBvels among the participants without

complaints and those with complaints was not dtedilty significant (P=0.183).
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SCD related complications were documented in 39%57h participants at the time of
presentation. Infections were the most commonlgmidsed complications in 47.3%while the
least encountered complication was skin ulcers.8%bof participants. This predominance of
infections has already been reported in other studone in Africa by Diallo et al (10). In SCD
the immune system is compromised by a defectiverradte pathway of the complement system
and the presence of hyposplenism or aspleniar{3ddlition, the “Bantu haplotype” is the most
prevalent in this region and is characterized bg\gere expression of SCD due to low expression
of Hb F by the patients and this could explain tigh prevalence of thrombotic events (3, 10,
48). The presence of complications did not seenotcelate with the high serum LDH level and
the P-value was 0.931.

Hydroxyurea therapy has revolutionalized the mamesge of SCD since its introduction but this
is not without barriers as it is associated witteseffects such as myelosuppression which can
have devastating consequences, hence the resassabtiout its use. In this study 66 participants
(43.4%) were on various doses of hydroxyurea. Fthia study findings, the hydroxyurea
treatment was initiated at age 4-6 years. As tleeatyanced there was a notable increase of
participants on hydroxyurea, though the increasgose prescribed did not seem to be adjusted
as per guidelines. Of note was a tendency of pdberence mostly due to unavailability of the
drug or socioeconomic reasons, thus no concluseesidn can be made on correlation between
the total serum LDH levels and hydroxyurea therapy.

Other markers of hemolysis that were measuredisnstludy were the reticulocyte count which
had a mean value of 11.2% or 312 X/lLrhis correlated with the findings of other sesldone

in Nigeria (2008), where a mean reticulocyte cambng SCD patients was found to be 11.1%
(44), in Kilifi (2009), Makani et al. published ae@n reticulocyte count of 11.5% (12) while at
KNH (2009), Odero in his M.Med dissertation foundn@an count of 11.1% (24). Similarly,
O'Driscoll et al. found an average reticulocyte ebof 305 x 181 (6). The serum LDH level
was elevated in 136 (90.3% with n=145) participamisle the high reticulocytes was found in
130 (92.8% with n=140). There was no linear cotieta the Pearson coefficient correlation

was: -0.048 with a P-value of: 0.611. Both, theiset.DH and the reticulocyte count were used

35



in this study as markers of hemolysis and were dotm be elevated in the majority of

participants. This can partly be explained by thet fthat both markers are not specific for
hemolysis: reticulocytosis acts as a marker of bmaerow response to hemolysis, while the
total serum LDH that was used in this study caelbeated in diseases affecting various organs.
These are organs like the heart, lungs, kidneysy hnd striated muscles. Already in SCD these

organs variably affected by the disease manifestair complications (8, 24, 36)

The other findings demonstrated on blood cell couvere leukocytosis in 85 participants (59%)
and anemia in 140 participants (97%). These firgliogrrelate with the findings of the studies
done in Nigeria that found a mean WBC of 13.2 ¥I1dnd a mean hemoglobin level of 8.5 g/l
(44). In Kilifi, Makani et al. reported a mean WBGunt of 19.2 x 1¥l and mean hemoglobin
level of 7.3 g/l (12). At KHH, the mean WBC coumés 15.6 x 191 with mean hemoglobin of
8.0 g/l (24). These values are comparable withahes of O’Driscoll et al. who found mean
hemoglobin of 7.8 g/l (6). All these studies repdrplatelets counts within reference range: 150-
450 x 1/l in this study the mean platelet count was 34I0%I. On correlation with the serum
LDH level, a significant correlation was found withe hemoglobin. This was an inverse
correlation that translated into a P-value of 0,athds demonstrating that the elevation of serum
LDH in SCD is likely to be associated with a lowd¢ of hemoglobin (anemia). These findings
were similar to the ones documented by Burns €B4).

Another interesting finding was the relationshipween gender and high serum LDH level
where male participants were more likely to haveel@vated serum LDH level than the female
participants. This correlation was demonstratechBB~value of 0.025. This could be related to
the findings of Dover et al. who reported that fé&r&CD patients have a higher number of RBC
with HbF and their RBCs less likely to sickle comgzhto their male counterparts and were less
likely to get sickling of RBCs that is the basisvafso-occlusion and hemolysis. This makes the
female SCD less likely prone to SCD complicati@iig).

Serum LDH levels as a marker of hemolysis in SCileces a combinational impact of at least
ten components: intravascular hemolysis, ineffecékythropoiesis and extra vascular hemolysis
among others observed in SCD. These componentsclaeacterized by inter-individual
variability that has not been defined for SCD. Frtims observation, Hebbel in his study
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recommended the use of serum LDH level in SCD lam@itudinal marker for a single patient
rather than as a discriminator between patient$. (A8e design and size of this study is a

limitation as some parameters cannot be discussadusively.

Serum LDH level is a reliable marker of hemolydrsthis study, it did not correlate with the
reticulocyte count that was used as a surrogat&enaf hemolysis. From the findings of this
study, the use of serum LDH levels in predicting 8CD severity or occurrence of
complications is not recommended. This could bdamed by the presence of co morbidities
affecting various organs and tissues among SC@matleading to an elevated total serum LDH
level not necessary of a hematological origin. Hesvea high serum LDH was found to be a

predictor of severe anemia.

9. CONCLUSIONS

1. The mean serum LDH level among children with SCierating KNH and aged 1- 13
years is 628.8 IU/L.

2. Thrombotic events as well as infections were thestmcommon SCD related
complications diagnosed in the course of this stadg these were documented in 24
participants (47.4%).

3. A significant correlation between the elevated seruDH level and the low
hemoglobin level was demonstrated by the findirfghis study.

4. No relationship was established between the elmvaif serum LDH levels with the
presence of complaints or complications excepase®f severe anemia.

5. Elevated serum total LDH levels significantly cdate with gender with higher values
found in males than in females.

6. There was no statistically significant correlatimetween the serum LDH levels and the
leukocyte count, the platelets count or the reticule count.

7. This study did not establish a correlation betweetal serum LDH levels and

hydroxyurea therapy.
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10. STUDY RECOMMENDATIONS

1. From the findings of this study, it is recommendeat future studies should use the
LDH iso-enzymes instead of the totalset.DH level as this will confirm that the serum
LDH level elevation in children witlC® is of hematological origin.

2. Further studies to look into the role of gendeelgvation of serum LDH levels in the

studied population are encouraged.

11. STUDY LIMITATIONS

1. Locally generated data on reference ranges of tedmggcal parameters are not available
for comparison due to limited resources

2. Some of the required data on past laboratsylts and blood transfusions could not

be authenticated as it was missing from #iespts records at KNH.
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13. APPENDICES

APPENDIX I: DATA SHEET AND QUESTIONNAIRE.

SERUM LACTATE DEHYDROGENASE LEVEL IN CHILDREN WITH SICKLE CELL

DISEASE AT K.N.H.

Date:

BIODATA:

- Study number:

-IP number:

-Name:

-Age (years):

-Sex: 1. F
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MEDICAL HISTORY:

1-Presenting complaint:

Complaint:

Intensity:

Mild

Moderate

Severe

-Pain:

-Fever:

-Cough:

-Others (specify):

2-Admission in the last 1 year:

Yes

No

Diagnosis:

Number of admissions:

3-Transfusion in last 1 vyear:

Number:

4-Hydroxyurea treatment:

Yes

Yes

No

(Continuous use for 6ntins) Dose (mQ):

5-Duration of SCD since diagnosis: <1 year

6-Diagnosis:

7-Complications (Newly diagnosed):

Mba

No

>1 year (number of years)

Years
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LABORATORY RESULTS:

1-Haemogram:

Parameters: Participants results: Units: | Referenceanges*:
1. Hemoglobinlevel | ... all 110 - 155
2. Redbloodcells | .viiiiieiiiiiiiieeeee, X101 | 4.0-5.2
3. White blood cells | .oooovvvviiiiiiiieiiiceeee, X101 |5 -15

(Total count)

Differential count (WBC) :

-Neutrophils: | e X181 [1.5-8

-Lymphocytes: | e, X109 [1-9

-Monocytes: | e X1 | 0.2-1

-Eosinophils: | e X1 [0.1- 1

-Basophils: | e X191 [0.02-0.1
4. Platelets X101 | 170 - 490

*Reference ranges established by Dacie and LeWwis (4




2-Reticulocytes:

Participant results: Units | Reference range:
................................. % 0.5-25
................................. x10”1 | 30- 100

3-PBF (peripheral blood film):
Erythrocyte:
Leucocytes:
Platelets:
Others:

4-Serum total LDH level (IU/L):
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APPENDIX II: CONSENT FORM

INTRODUCTION TO THE STUDY:

SERUM LACTATE DEHYDROGENASE LEVEL IN CHILDREN WITH  SICKLE CELL
DISEASE AT KENYATTA NATIONAL HOSPITAL.

Introduction

| am DR Germaine Serubuga Makory, currently a Masstudent in Human Pathology at the
University of Nairobi and conducting a study on ogserum lactate dehydrogenase (LDH) level
in Children with Sickle Cell disease at Kenyattdibiaal hospital (0-13 years).

Purpose

In the current study, a research will be done oheoito determine the correlation of the serum

LDH level with the severity of the disease and ocence of the complications in SCD.

Description of the study

A dully signed informed consent from the parentafdians to the enrollment of their

dependents will be first obtained by the princijpalestigator. These will be until a study size of
139 children with SCD attending KNH and aged 1- yiars will be achieved. A short

guestionnaire will be administered by the invesbgand any other necessary information shall
be drawn from the participant’s medical record@nfrreach participant, samples for the tests of
serum LDH level as well as the total blood courd agticulocyte count shall be obtained. The
results of these tests shall be used to establsirralation between the serum LDH level, the

disease severity and the occurrence of SCD contiolitsa
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Procedures

Using a sterile needle and syringe, a total ofllditers of blood shall be collected from one bktveins

of the arms through venous puncture.
Potential risks

During blood sample collection, some discomforpected but this will not worsen the conditiorthaf
participant or cause any other illness. All carallshe taken to minimize the risk that may arisenfra

VEeNous puncture.
Benefits

The participation of your child in this study wiielp in demonstrating that the elevation of seruptL
level in children with SCD correlates with the oaemce of complications and the disease severity.
Multiple laboratory parameters will be used for garison and the study outcomes will serve as &basi
of recommendation on use of serum LDH level inrthéine follow up of children with SCD. This study

aims at achieving a reduction in SCD related cocafibbns.

Confidentiality

All collected information shall be kept confidemtimnly abnormal results will be disclosed to the

attending clinician for treatment purposes.
You are free to ask any question related to thaysat any time.

| humbly request you to give your consent for dnmeht of your dependant into the study.

Dr. G. S. Makory, tel. no: 0723868660.
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CONSENT FORM

SERUM LACATE DEHYDROGENASE LEVEL IN CHILDREN WITH  SICKLE CELL
DISEASE AT KENYATTA NATIONAL HOSPITAL.

L declare that | have read as well asderstood the study being
conducted by DR G. S. Makory and do hereby give isiormed consent for my

dependant.............cooiiiiiiiii i to be enrolled.

| am aware that | can withdraw from this study ay @ime without compromise to his/her

medical care.

Signed: ...

Thumb print: ... Date: ............

Signature of questionnaire administrator (DR. M&kor...................

WINESS: i e e e, Date: .............
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APPENDIX Ill: LDH METHODOLOGY

For the serum LDH measurement a two parts liquadyeat was used in a kinetic method. For
enzyme activity pyruvate will was used as a substra

The kit used in this study was the "LDH SCE Olymipusquid reagent “ from Audit
Diagnostics. This is an in Vitro Diagnostic reaggack made up of 2reagents for the
quantitative determination of LDH in serum and plason Olympu8 automated analyzers.

The principle of the test involves the conversidnpgruvate to lactate with the subsequent
oxidation of NADH to NAD.

The reaction is shown in the next equation:
LDH

Pyruvate + NADH +H------------ - L- Lactate + NAD

LDH catalyses the oxidation of the lactate to pwtevreducing the nicotinamide adenine
dinucleotide (NAD) to NADH. As NADH is producedd activity of LDH is determined by the
rate of increase in absorbance at 340 nm.

The reagents for this test are delivered readyuB® and must be stored at a recommended
temperature of 2 —°8 until expiry date indicated on the bottles.

Factors affecting the serum LDH level: haemolyd$ithe sample gives an erroneous high result
due to the leakage of LDH from the RBC’s. The sdamppens if Plasma is used instead of
Serum as Platelets contain high amount of LDH. Jémaples will be examined using a clinical
chemistry analyzer at a constant temperature %37

On performance characteristic, the assay is limatrnin a range of 2779 IU/L as the lowest

detectable level has been estimated at 2.1 I1U/L.
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The results were calculated automatically by tistériment as follow:

Activitgi U/L = A Abs/min x Factor
SVx6.3xP

With:

Factor =TV x 1000
SVx6.3xP

Where: TV= Total reaction volume in ml.
SV= Sample volume in ml.
6.3= Millimolar absorption coefficieof NADH at 340 nm.
P= Cuvette path length in sm.
A serum LDH level above 360U/L was considered high
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APPENDIX IV: HEMATOLOGY LABORATORY TECHNIQUES

Phlebotomy Procedure:

. This started by confirmation the patient particslaname, age, hospital number and
department that must appear on both the requestdad the specimen containers.

. The skin at the site of phlebotomy was disinféatsing 70% Spirit or Chlorohexidine
0, 5% and allowed to dry spontaneously.

. Using a sterile needle and a sterile syringe witlveg hands for safety measures, blood
was drawn from the antecubital vein, other visisdén in the forearm or dorsal aspect of the
hand in children below 4 years in the amount ofililiters.

. The blood drawn was distributed into two tubes: with EDTA (ethylenediaminetetra-
acetic acid: anti-coagulant) and the other witteuainticoagulant (plain).

. The plain sample was left at room temperature lerlilood to clot and separation was

done to collect the serum for LDH Assay.

Blood film preparation:

Using fresh blood or EDTA anticoagulated blood, dnep of blood was put in the middle of a
clean slide and using a clean glass spreader widlpid movement a thin spread of the blood
was done and the films were left to dry in the Bor evaluation, the blood films were stained

with a standardized Romanovsky stain: Leishmamstai

Romanovsky stain:

Fixative: One volume of Stock solution of azure &i@ Y was mixed with 14 volumes of
methanol.

Staining solution: Was done using a dilute Stogkiition: 1 unit to 14 volumes of HEPES (N-
2-hydroxyethylpiperazine-N’- 2-ethane-sulfonic gduffer at pH 6.6.
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The dried films were left for 3 minutes in the fix& than in the diluted staining solution for 15
minutes, rinsed in phosphate buffer solution, p8 fér 1 minute, rinsed with water, air dried

and mounted.

Reticulocyte stain:

Staining solution: Was done by dissolving 1.0 gnefv methylene blue or azure B in 100ml of
Iso-osmotic phosphate buffer pH 6.5.

Method: Two or 3 drops of the dye solution wereiadgkd into a 75-x10mm plastic tube by
means of a plastic Pasteur pipette. Two - 4 voluofigbe patient’'s EDTA anticoagulated blood
were added to the dye solution and mixed. The mexiwas kept at 3T for 15-20 minutes. The
red cells were resuspended by gentle mixing anasfivere made on glass slides. Once dried,

the films were examined without fixing or countaistng under the microscope.

Complete blood count:

This was be done by automation using an anticossfilslood sample with EDTA. The machine
that was used is the “CELL DYN 3200". This is a tipdrameter hematology analyzer whose

principle is based on 2 independent measuremermoast

1. Impedance method Determines the counts of WBC, RBC and platelBt® blood sample is
suspended in a highly conductive diluents soluéind made to pass through an aperture between
2 electrodes. This causes a change in the impedimtaeen the electrodes corresponding to the
value and the number of the cells in the blood. Géiés are determined by the number of the
pulses produced as the impedance changes andieeis estimated by the height of the pulses.

2. Modified cyanmethemoglobin method For determination of Hb concentration, the “CELL
DYN 3200” has a hemolysate amongst its reagentswdrah it is added to the blood, it leases
the red blood cells and the hemoglobin is relea3&é@. cyan in the reagent reacts with the
released Hb to form cyanhemoglobin. This cyanheoioglabsorbs green light well at 540 nm.
The Hb concentration is determined from the abgsblight by photometry.

The machine is fitted with a software to calcultte RBC indices: Hct, MCV, MCH and

MCHC.
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APPENDIX V: ETHICAL CLEARANCE

KENYATTA NATIONAL HOSPITAL
Hospital Rd. along, Ngong Rd.

P.O. Box 20723, Nairobi.

Tel: 726300-9

Fax: 725272

Telegrams: MEDSUP”, Nairobi.
Email: KNHplan@Ken.Healthnet.org
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Ref: KNH-ERC/ A/404 18! February 2010

Dr. Germaine S. Makory
Dept.of Human Pathology
School of Medicine
University of Nairobi

Dear Dr. Makory

RESEARCH PROPOSAL: “SERUM LACTATE DEHYDROGENASE LEVEL IN CHILDREN WITH
SICKLE CELL DISEASE AT KENYATTA NATIONAL HOSPITAL” (P363/12/2009)

This is to inform you that the KNH/UON-Ethics & Research Committee has reviewed
and approved your above revised research proposal for the period 18t February 2010 —
17t February 2011.

You will be required to request for a renewal of the approval if you intend to continue with the study
beyond the deadiine given. Ciearance for expoit of bioiogical specimens must also be obtained
from KNH/UON-Ethics & Research Committee for each batch.

On behalf of the Committee, | wish you a fruitful research and look forward to receiving a summary
of the research findings upon completion of the study.

This information will form part of the data base that will be consulted in future when processing
related research study so as to minimize chances of study duplication.

Yours sincerely

DR. L. W. MUCHIRI
AG. SECRETARY, KNH/UON-ERC
c.c.  Prof. K. M. Bhatt, Chairperson, KNH/UON-ERC
The Deputy Director CS, KNH
The Dean, School of Medicine, UON
The Chairman, Dept. of Human Pathology, UON
The HOD, Records, KNH
Supervisors:  Dr. Githang’a J. N.
Dr. Ritesh Pamnani
Prof. Were F. N.
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