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ABSTRACT KEYWORDS
Objective Sicklecell disease;
The fact that leucocytes contribute to the disease process in SCD requires to be Hemolytic anemia;
proven through various studies. In this study, it is hypothesized that in the mildly White blood cell count;
anemic SCD, the unfavorable effects dueto either high or low levelsof hemoglobin Inflammation:
have been minimized, so how elevated levels of leucocytes affect the sickling

Urinary tract dysfunction.
pathobiology could be shown. y Y

Patients and method

From across-sectional full blood count of SCD subjects, the mildly anemic group
was sel ected, and this sub-group further stratified into two, based on WBC counts,
a leucocytatic group, and the other with normal WBC count. Furthermore, the
clinical and urinary features of the two groups were compared.

Results

Out of 241 mildly anemics, 150 of them; 79 males and 71 femal es were selected.
Sixty six (66) of the selected mildly anemic showed leucocytosis. The SS male
patientsin crisis predominated the leucocytotic group (18/66 or 27.27%), and the
mean leucocyte count of this group was 16.81 x10%L. Clinically, apart from the
vaso-occlusive pain, other features shown were fever, cough, splenomegaly, and
respiratory tract infections. Additionally, the spot urine analysis showed the pa-
tientswith leucocytosis had higher incidence of hematuria, proteinuria, bacteriuria
and significant pyuria.

Conclusion

Despite the fact that the mildly anemic condition offers a less stressful hemody-
namic condition in terms of hemoglobin levels, patients with elevated white cells,
had poorer clinical and urinary features, an indication that probably, theinflamma-
tory response dicited in these patients, might have gone berserk due to the high
levels of the white cdlls.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION the HbS unstabl e, and polymerising deoxyHbS,; the

extent of polymerisation being the primary determinant

The primary defect in SCD isthereplacement of  of the severity of SCD. Leucocytescontributeto the
glutamicacid by vaineinthep-globinchain, rendering  disease process, asleucocytosisisarisk factor for early
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SCD-related death?. The major |aboratory risk fac-
torsfor vaso-occlusive crisesand acute chest syndrome
are high steady stateleucocyte countsand high hemo-
globinlevelg%3, Highwhitecell count isalso associ-
ated with development of nephropathyt. Themicrovas-
cular entrapment of red cellsand leucocytes obstruct
blood flow and bringsabout organ ischemia. Cyclesof
ischemiaand reperfusion, cause oxidant stress, inwhich
thereisactivation of vascular oxidases®, characterized
by inflammatory cytokinesand leucocytosis®.

Polymorphonuclear neutrophil srel easelarge quan-
tities of reactive oxygen speciesinresponseto various
stimuli inrespiratory burst™. Thisprocessiscritical for
bacterid killing and a so potentiatesinflammatory reac-
tions, sometimesinducing severehost tissueinjury when
activation isexcessiveor inappropriate®.

High hemoglobinlevelsin SCD will create hyper-
viscosity, whilelow hemoglobin, caused by intravascu-
lar hemolys's, would unleash the vasul opathic potentia
of cell-freehemoglobint® 1%, Based on hemoglobinlev-
els, personscan be categorized asnon-anemic, mildly
anemic, moderately anemicand severdy anemic. Given
thepathophysiology of SCD, itisassumedthat themildly
anemic state (Hb morethan 7.0 g/dl but lessthan 11.0g/
dl) should providetherange of hemoglobin concentra-
tionsthat would not betoo highto present unfavorable
rheological visco-elastic propertiesthat could promote
polymerization. Neither would thehemoglobinlevel be
too low astoimpair itsoxygen-carrying function, or
reducethebioavailability of nitric oxide, for theunleash-
ing of vascul opathic tendencies.

Having thusminimized theeffectsattributableto he-
moglobinleves, inthemildly anemic sate, how thelev-
elsof leucocytesaffected theclinicd state, aswell as
theurinary features of SCD patientswasthe objective
of thisstudy.

Accordingto Coller!, leucocytesareemerging as
amajor, yet understudied contributor totheoverall pa-
thol ogy of ischemic vascular diseases, like SCD. Stud-
iesusingamouse model of SCD?2, showed that both
thered blood cdllsand leucocytesinteract directly with
each other inthe vaso-occlusive blockagein blood ves-
sels. A flow adhesion assay by Finnegan et all®, re-
ved ed that monocytes, neutrophilsand lymphocytescan
bind red blood cells, and thisbindingisreduced in pa-
tientson hydroxyurea.
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Thisstudy, across-sectiond, onelooksat how two
categorica levesof whiteblood cdlsaffect theclinica
and urinary markersof SCD patientswith ‘apparently
uniformand optimal rangeof hemoglobinlevels’

METHOD

Sudy design
Thiswasacross-sectiona study.
Subjectsand setting

The subjectsweresickle cell patientsreportingto
the Sickle Cell Clinic (SCC) at the Komfo Anokye
TeachingHospital (KATH), Kumas.

Samplingand analysis

Theattending dlinicians, after thephysica and clini-
ca examination of thesubjectsidentified thoseincrises
and steady state, and referred them to an interviewer
and phlebotomist. Blood samplefrom each patient was
then taken fromthe antecubita veininto asampletube.
Thecollected blood sampleswere kept inanice chest
and takento the Hematol ogy Department of the KATH
for thedetermination of full blood count, including he-
moglobin, total white blood cell count, and the differ-
ential countsfor thelevelsof neutrophilsand mono-
cytes.

Spot urine samples were collected between 2-5
pmfromthepatients, into clean plastic bottles, and kept
oniceinanicechest, andtheanalysiswasdonewithin
three hoursafter the collection.

A visual observation of theurinewasmadefor the
colour and cloudiness, followed by microscopic exami-
nation of spun urine samples. Then adipstick test was
carried out on the unspun urine specimen, using
Cybow™ reagent stripsfor urindysis (manufactured by
DFI CoLtd., 542-1, Daman-Ri, Republic of Korea).

Cell Dynn 1800 electronic automated counter
(Abbott Diagnostic Division, USA) wasused to deter-
minethefull blood count, and based onthe WHO clas-
sification of anemia, themildly anemic patientswere
identified. Thissub-groupwasfurther Sratifiedintotwo,
based on their leucocyte counts; level sabove and be-
low 10x10°%L. The neutrophil and monocyte counts
werea so noted. Theclinical and urinary festuresof the
leukocytotic were then compared with the non-leuco-
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cytotic counterparts.
Ethical approval and informed consent

Ethical approval for thisstudy wasgranted by the
Committeefor Research into Human Subjectsof the
School of Medical Science and KATH, Kumasi. A
writteninformed consent was a S0 obtained from either
the parents/caretakersor the subjectsthemselves.

Satistical analysis

Data on quantitative variableswere statistically
andysed using Statsgraphics 2006 (StatPoint Inc, USA),
to obtain mean vauesand standard deviations.

RESULTS

Of the 330 SCD patients, 214 weremildly anemic,
but after excluding patientswith confounding factors of
maariaparasitemia, HBsAg, thrombocytopenia(plate-
let count <150x10°%L) and thrombocytosis (platel et
count >600x10%L), 150 of the subjects (71 malesand
79 females) were selected. Of this number, the 19
whose genotype had not been determined were also
excluded. Thus, themildly anemic under consderation
were made up of 80 SSand 51 SC subjects. Based on
the leucocyte cut-off level of = 10x10%L, TABLE 1
shows the grouping of the patients between the two
categorica levelsof leucocytes, according to sex, geno-
typeand clinica states(steady or crisis).

Theagerangefor the subjectswas between 5 and
20 years. The mean age of the 3 SC femalesin the
steady state, who were leucocytotic, was 7.5 years,
and of the SC leucocytoticfemaesincrigs, 9.75 years.
Thegroupswith samplesizesof uptofour (n=4)is
too small and so areignored inthe statistical analysis
for significance. All the other groups (withn>4) had
mean ages between 11.75 and 15.22 years, with no
statigtically sgnificant differences. Thusagewasnot a
confounding factor.

Thenumber of patientswith leucocytosi swas 66,
constituting 50.4% of the sub-group of mildly anemics
under investigation. Therewere 35 males(53.0%) with
leucocytosis, and the females were 31. The patients
showed moreleucocytossinthecrissstate, 42 of them
(63.6%), compared to the 24, who had elevated
leucocytes, eveninthe steady state.

—== Regular Paper

TABLE 1: Mildly anemic SSand SC patientsshowing nor-
mal and elevated levelsof leucocytes

SSMalescrisis SS males steady state
WBCs WBCs WBCs WBCs
<10x >10x <10x >10x
100 10°%L 10°/L 10°/L
n 9 18 4 9
Min 5.0 10.2 53 10.4
Max 9.9 35.7 9.9 18.7
Mean 8.189 16.81 7.4 13.97
SSmalescrisis SS males steady state
WBCs WBCs WBCs WBCs
<10x% >10x <10x >10x
100 1091 10°/L 10°/L
n 5 14 11 10
Min 6.6 11.0 4.6 10.2
Max 9.8 30.2 9.6 27.6
Mean 8.48 18.72 7.44 16.20
SSMalescrisis SS males steady state
WBCs WBCs WBCs WBCs
<10x% >10x <10x >10x
100 1091 10°/L 10°/L
n 8 6 11 2
Min 4.8 10.2 31 10.1
Max 9.4 13.8 9.2 10.5
Mean 7.38 11.68 6.15 10.30
SSmalescriss SS males steady state
WBCs WBCs WBCs WBCs
<10x% >10x <10x >10x
100 1091 10°/L 10°/L
n 9 4 8 3
Min 3.0 12.50 51 10.0
Max 9.6 16.50 9.7 18.6
Mean 6.94 14.15 7.54 14.87

Mean% Neutrophils by genotypes
and sex
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Figurel: Mean percentage neutr ophilsby genotypesand
sex. <10 standsfor WBC countslessthan 10 x 109L, while
>10 denotesmorethan 10 x 10%L.
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Of the 66 leucocytotic, 51 (77.3%) were SS and
15(22.7%), SC. Themae SSgroup in crisisformed
themagjority (18/66) of the patientswith elevated white
blood cdlls, but thegreatest e evation of thewhite blood
cellsoccurred inthefemale SSpatientsincrisis, who
had amean level of 18.72x10%L. Onthe contrary, the
SC malein steady state had thelowest mean leucocyte
count of 6.15x10%/L.

From the pattern of distribution of the neutrophils
(Figure 1), thethree highest neutrophil counts (levels
above 50%) werefound inthecrisisstate of SSmales
andfemales, and SC femaes. Inthe SS, these highest
neutrophil countswerefound intheleucocytotic group,
whereasin the SC, the highest wasin the non-leucocy-
totic group. The SC maesstable(n=2) and femaes(n
= 3) recorded lowest va ues of neutrophils(15.5 and
28.5%). Because of thesmall samplesizes, theseare
ignored.

Themajority (89/131 or about 68%) of the sub-
jectshad no monocytesin their periphera count, and
for those who had these cells, the level s ranged be-
tween 1-7%. Theproportion of the subjectswith mono-
cyteswereasfollows, SSmdesstable(2/13), SSmaes
crisis(8/27), SSfemaesstable (6/21), SSfemaescri-
Sis(11/19), SC mdesstable (4/12), SCmdescrisis(3/
14), SC females stable (4/12) and SC femalescrisis
(4/13). Inthe SS, for both malesand females, the pro-
portion with monocytes doubled from steady to crisis
(15.410 29.6% and 28.6 to 57.9% respectively). On
the other hand, in the SC, the proportion with mono-
cytes decreased from steady to crisisinmales, but in
femal es, there was no difference between the steady
and crissstates.

Theurinary parametersidentified as markers of
somedisorder, ether inthekidney, or systemiccircula
tionwereasfollows, according to their decreasing or-
der of occurrence; puscells, cloudiness, yeast, blood,
protein, red blood cellsand epithelia cells. The others
werenitrite, urobilinogen, bacteria, ketones, bilirubin
and coke-likecolor of urine.

From TABLE 2, atotal of 23 (35.4%) of the pa-
tientswho had their leucocyte countswithin thenorma
range had someform of abnormality intheurine. On
theother hand, for those withleucocytos s, the number
with abnorma urinary featureswas 33, forming 50% of
thissub-group.

BIOCHEMISTRY (mm—

TABLE 2: Therelation between level of leucocytesand the
proportion of subjectsin thedifferent genotypeswho showed
someabnormality intheurinary features.

9 L eucocytes

L eucocytes<10x10°/L >10x10%/L
SS male steady
Sate 1/4 (25.0) 3/9(33.3)
SSmalecrisis 2/9 (22.2) 6/18 (33.3)
SSfemale
steady state 5/11 (45.5) 7/10 (70.0)
SSfemale crisis 2/5 (40.0) 10/14 (71.4)
SC male steady
Sate 2/11 (18.2) Y% (50.0)
SC male crisis 1/8 (12.5) 0/6 (0)
SC female
steady state 4/8 (50.0) 3/3 (100.0)
SC female 619 (66.7) % (75)
crisis
Overall 23/65 (35.4) 33/66 (50.0)

Percentages in parentheses

For the SSmalesin steady state, only one patient
out of four with normal leucocyte count had an abnor-
mal urinefeature, compared to the 3 out of nineleuco-
cytotic who showed cloudinessintheurine.

Inthecrisisstate, 2 out of the 9 patientswith nor-
mal WBC count showed urinecloudinessor puscells
or both, whereasfor the leucocytotic group, 6 out of
18, showed some markersof kidney lesion, including
blood, protein, inaddition to cloudiness.

Inthe case of the SSfemalesin the steady state, 5
of the 11 within the normal range of WBCs showed
somemarkersof abnormality, compared to the 7 out of
10 leucocytotics. Apart from the cloudiness, proteins
and puscells, thefemal esal so showed yeasts, nitrite,
bacteriaand urobilinogen. Theintensity of thepuscells
was a so higher, recording levels ashigh as 100-150
puscdls.

Theurinary pictureof the SSfemaesin crisswas
worsethan thosein the steady state. Two out five sub-
jectswith norma WBC count, showed protein, RBCs
and blood. Thevaso-occlusive crisisof athird patient
was so seriousthat shewasreferred to the Paediatric
Emergency Unit. Of the 14 who had elevated
leucocytes, 10 of them showed varied markersfrom
cloudiness, yeasts, puscells, proteins, nitriteand red
blood cells.

The SC ma espresented the best picture of theuri-
nary features. Inthe steady state, 11 of them had nor-
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mal WBC counts, and of thisnumber, 2 showed uri-
nary cloudinessand puscells. Only two had leucocyto-
sis, with one of them havingadight pyruria. For the5
leucocytotic male SC patientsin crisis, no marker of
systemic or kidney dysfunction wasshown, andfor the
8 withinnormal-range of WBC count, only oneshowed
ketonuria

Vaso-occlusive pain or crisiswasthe most com-
mon diagnosis, irrespective of the leucocyte count
(TABLE 1). However, the patientswith el evated white
cdl countswere morefrequently associated with other
complicationssuch asrespiratory tract infections, sple-
nomegdy, osteomyeditisand leg ulceration.

DISCUSSION

Thehigher proportion of leucocytosisinthecrisis
state, 63.6% atteststo the greater degree of inflamma:
tionin this state, than in the steady state. Of thetwo
genotypes, the SS showed relatively higher degree of
leucocytosisthan the SC: the SSmalesin crisispre-
dominated the leucocytotic (77.3%), and the highest
mean WBC count was seen in SSfemalesin crisis
(TABLE 1).

It had been observed by Platt et al.[@, likewise
Benkorrou et al.[¥, that the major |aboratory factors
for vaso-occlusive crisesand acute chest syndrome,
two acute eventsof SCD, are high steady stateleuko-
cyte counts and high hemoglobin levels. White cell
countsare significantly elevated and are highly corre-
lated with strokein children with sickle cell anemia?.
Highwhitecell count isal so associated with devel op-
ment of nephropathy!®. Thebase-lineleucocyte count
has al so been shown to beastrong predictor of which
infantswith sicklecell anemiawill devdopdinicalyse-
vere diseasd®¥. In another study by Litos et al.l*Z,
pregnant women who devel oped SCD-related com-
plications had significantly higher total WBC count,
compared to asymptomatic subjects. Clinical studies
have suggested alink between devation of WBC counts
and poor outcome of SCD®l,

Inthe presence of the elevated WBCs, there could
be the entrapment of these cells, red cellsand other
blood factors, to obstruct blood flow, causingischemia
and cyclesof ischemiareperfusion canlead to oxidant
stress, activating vascular oxidases®, andinflammatory

= Regular Paper

stress, marked by inflammatory cytokinesand leuco-
cytosig® 13, Rother et al.[* had also observed that the
rel ease of hemoglobin by lysed erythrocytesinto the
blood plasma, unveilsitsvascul otoxic potentia by di-
rectly impairing endothelia function and generatingin-
flammatory and oxidative stress.

Thecrisis stateswere associated with the greater
elevationsof neutrophils(Figure 1), and toalessextent
monocytes. Whiteblood cells, particularly, neutrophils
and monocytesareregarded as markersof inflamma
tion?9. A large number of neutrophilsarerapidly re-
cruitedto theste(s) of infection wherethey functionto
destroy invading pathogens, using an array of oxygen-
depedent and oxygen-independent microbicidal weap-
onsto destroy infectious agents*®. Oxygen-dependent
mechanismsinvolvethe production of reective oxygen
species, which can be microbicidal™, and oxygen-in-
dependent mechani smsinclude most other neutrophil
functions, likechemotaxis, phagocytos's, degranulaion
and release of bactericidal peptided®®. Brittainet a4
had shown that interactions of monocyteswith reticu-
locytes can potentially activate the monocytesfor the
release of inflammatory factorsfrom monocytes, apart
from inducing the adhesivity of sameto the endothe-
lium.

Thisstudy further looked at thelink between the
extent of increaseof WBC count to theclinica presen-
tationsand thefrequency of occurrenceof markersin-
dicativeof rend damage, usngaspot urineandysis. As
shownin TABLE 1, vaso-occlusive crisiswas com-
mon to both theleucocytotic and the non-leucocytotic.
However theleucocytotic had more crisesand compli-
cations; and greater severity of their conditions, evi-
denced by presence of such complicationsasrespiratoy
tract infections, splenomegdy, osteomyeditisand leg ul-
ceration, andtheadmission of patientsinthe Paediatric
Emergency Unit of thehospitd.

Whereas 35.4% of patientswith normal levels of
WBC showed some markersof kidney lesion, 50.0%
of theleucocytotic showed such lesions (TABLE 2).
Thus, therewas greater likelihood of encountering a
kidney disorder in those with leucocytosis. These
disoderswerea so most commoninfemaeSSin cri-
ss, whilethemale SC showed theleast. Asto whether
thekidney disorder was asaresult of theleucocytosis
or aurinary tract infection could not be determined,
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except to say that thetwo possibilitiesexist.

SCD may present with avariety of renal dysfunc-
tion asaresult of several structural and functiona ab-
normdlitiesthat occur dong theentirelength of the neph-
ront¢, According to Allon*”, SCD causesdefectsin
thetubulomedullary function, leading to proteinuria, pro-
gressiverend insufficiency and end stagerend disease.

Urinary tract infection (UTI) isfrequently caused
by organismswhich arenorma commensdsinthedis
tal urethraand adjacent Stes*®. Themost commonroute
of infectionisby ascension. Becausethefemaeurethra
is shorter than that of male, there tends to be higher
UTI prevalenceinfema esthan males. Thissexud di-
morphismin UTI prevaence has al so been attributed
to arelative deficiency of secretory IgA antibody re-
sponsefromthemucosa surfaceintheurogenitd tract
of females, compared to males*?.

The possiblerolesof neutrophilsand monocytes
have been shown, though circumstantially. The obser-
vation that the neutrophilsformed more than 50% of
theWBC inthecrisisstate of both malesand females
of SSgenotype, and that these high percentageswere
foundintheleucocytotic, issupportive of thedel eteri-
ousrolethey could play. For themonocytes, thisstudy
has shown that their numbers doubl ed from the steady
to crisisstatesof male and female SS subjects. Mono-
cytesactivatethe endothelium by secreting theinflam-
matory cytokines, tumour necrosis factor-a and
interleukin-1f and such activated endothelial cells in-
creasether expresson of ligandsfor adhesion molecules
onleuocytesand erythrocytes. In thisway, monocytes
fecilitate adherence of blood cellsto vessel walls, and
promote vaso-occl usion'® 2,

LIMITATIONSOFSTUDY

The cross-sectiond design of the study wasalimi-
tation, asthereproducibility of the observationswas
not proven. Even though attemptsweremadeto €limi-
nate confounding factorslikethrombocytos's, thromb-
ocytopenia, malaria parasitemia and hepatitis B
antigenemia, there could be severa other factorsthat
could haveaffected theresults, for example, the effect
dueto adhesivity from reticul ocytes. Thefact that spot
urine sampleswere used for theurinalysisis another
limitation.
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