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Abstract Background: Protein-

energy malnutrition is a prevalent
public health problem in the de-
veloping countries. It affects body
systems including cell-mediated

immunity.
Objectives: To determine the ef-
fect of PEM on CD4 T-

lymphocyte counts among under -
5 children.

Methods: This was a prospective
cross-sectional study conducted
among HIV-negative children
aged 6 - 59 months with PEM and
the HIV-negative well-nourished
children between November®1
2010 and July 31 2011. The
socio-demographic characteris-
tics, weight and some haemato-
logical indices of the both groups
were documented. The CDZ-
lymphocyte count was determined
using Partec cytoflow machine.
Result: One-hundred children
were recruited for each group
over a 9 month period. The two
study groups were comparable in
age (p= 0.53) and sex (p= 0.65).
The mean CD% T-lymphocyte
count in children with PEM was
1705.5+605.6 cells/uL as com-
pared to 2314.3%491.1 cells/uL
among the controls (p= 0.0001).
A statistically significant differ-
ence was observed in the mean
CD4" T-lymphocyte count of the
different types of PEM with the

highest value observed among
children with kwashiorkor
(2097.7£712.9 cells/uL) and low-
est value observed among those
with marasmus (1449.3+368.2
cells/uL). There were significant
differences in the mean CD4T-
lymphocyte count of the control
(2314.3+£491 cells/pL) when com-
pared to those of marasmus
(1449+368 cells/puL) (p= 0.001),
marasmic-kwashiorkor (1888+762
cells/pL) (p= 0.002), underweight
(15594452 cells/uL) (p= 0.001)
and underweight-kwashiorkor
(1534+402 cells/uL) (p= 0.001),
but it was comparable with that of
kwashiorkor group (2098+713
cells/uL) (p= 0.21). A statistically
significant difference was ob-
served in the mean CDA4T-
lymphocyte count of the different
types of PEM with the highest
value observed among children
with kwashiorkor (2097.7+712.9
cells/uL) and lowest value ob-
served among those with maras-
mus (1449.3+£368.2 cells/uL).
Conclusion: The PEM has delete-
rious effects on the CD4T-
lymphocyte counts among under-5
children with PEM with the lowest
count observed among those pre-
senting with marasmus.

Key words: CD4" T-Lymphocyte,
Count, PEM, Under-5.

Introduction

Protein-energy malnutrition (PEM) applies to a grat
pathological conditions arising from absolute datige
lack of protein and/or calorie in varying proport
occurring commonly in infants and young children

includes a wide range of clinical stages, the exére
forms being Marasmus and Kwashiorkor, while thedmil

and moderate forms express themselves as varying de
grees of growth retardatioit.is a complex situation as
low intake of calories, protein and micronutrients;
poverty, infectious diseases, poor breastfeedind an



weaning practices are implicated factorsHowever, in
addition to these predisposing factors, kwashiotkas
also been ascribed to aflatoXinsack of food and clean
water, poor sanitation, social unrest and politicata-
bility lead to PEMThese factors are prevalent espe-
cially in sub-Saharan Africa; hence the persisteote
the problem in the regidn

PEM is globally the most important risk factor foor-
bidity and mortality, contributing to more than haf
deaths in children worldwid®PEM is responsible, di-
rectly or indirectly, for 54% of the 10.8 millionedths
per year in children under five years of age. $baton-
tributes to every second death associated witlttiofies
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in these countries. The results of these studiesnaon-
sistent. In some studies an increase of lymphopsde
portion has been observed; while other studies show
decrease in lymphocyte proportiofig?These inconsis-
tent results may be probably due to difference &thm
odology applied, types or severity of malnutritistud-
ied, the variables compared or perhaps there wihex o
unknown factors that were not taken into considenat
Hence, this study was carried out to determineptite
tern of CD4 T-lymphocyte count among the under-5
children with PEM.

diseases among children under five years of agiein
veloping countrie®’. In Nigeria, it is associated with
about 30-40% of deaths in preschool childtehildren
with severe PEM are at risk of several life-threatg
problems like hypoglycaemia, hypothermia, seriqus i
fections and severe electrolyte disturbances.

Adequate nutrition is essential for the maintenazcd
integrity of the body systems and structures inclgd
body’s immunity. It has been shown that there liersg

Subjects and methods

The study was a prospective cross-sectional in twhic
subjects were children with protein-energy malriatni

aged 6 months to 59 months and the controls wege ag
and gender matched well-nourished apparently health
children. The study was conducted between Augdst, 1
2010 and July, 31 2011 at the General Paediatric Out-
patient Clinic (GPOC), Immunization clinic, Emerggn

Paediatric Unit (EPU), and Paediatric Medical Ward

association between PEM and infections. The interac(PMW) of Usmanu Danfodiyo University Teaching

tion of PEM and infection results in increase mditlyi
and mortality among under-5 children in developing
countries. In the presence of PEM, ordinary chitstho
diseases result in severe consequences. Thesénmand s
lar observations suggest a defective immune regpions

PEM. PEM is the single most common cause of immu-

nosuppression or immunodeficiency in childten

Severe PEM, patrticularly kwashiorkor, during chddkd
results in extensive atrophy of the thymus, splaed
other lymphoid tissuelt has been related to changes in
cellular immunity, changes in peripheral lymphocyte
subsets (mainly cluster cells of differentiationD)C
CD3", CD4, and CD8) and cytokines elaborated by

Hospital (UDUTH), Sokoto, the Sokoto State capital.

The hospital is a tertiary health facility that\ses as a
referral centre for people of Sokoto, Zamfara, Kebbi
states; and the neighbouring Niger and Benin Reqsibl
in the West African sub-region. Sokoto state isated

at the extreme part of North-western Nigeria betwee
longitude 3and 7° East and between latitude 46d 14
North of the Equator. It shares borders with Niger
Republic to the north, Kebbi State to southwest and
Zamfara State to the ebst

Approval was obtained from the Ethics Committee of
UDUTH, Sokoto, and written consent was also obthine

these cells. This immunodeficiency represents a keyfrom the parents/guardians of the patients. The s&e

factor in susceptibility to infections and has #fere
been termed nutritionally acquired immunodeficiency
syndrome (NAIDSY.

weight of the subjects and the controls; and tlesgmce

of oedema in them were documented. The nutritional
status was classified using Modified Wellcome dfass
cation of PEM® Those with any form of allergic disor-

In patients with severe PEM, both acquired immunity der, haematological disorder and malignancies were

i.e., lymphocyte functions as well as innate host

defense mechanisms i.e., macrophages and granesocyt

are affected. Diminished immune functions render un
dernourished patients more susceptible to infestion
which further worsen the nutritional status of tield,

excluded from the study.
Laboratory Methods

The CD4 T-lymphocyte count was determined using

energy loss, reduce productivity on the community Partec cytoflow machine and HIV infection was con-

level, and perpetuate the alarming spiral of PEMEd-
tion, disease and poverty. This can only be inteed
by prompt and adequate nutritional rehabilitatidn.

With the advent of the human immunodeficiency virus
(HIV) pandemic, there has been a tendency to owkrlo
the role of malnutrition in immunodeficiency, andt i
deed, only a handful of studies have investigatea t
CD4" T-lymphocyte subsets in children with PEM, espe-
cially in the developing countries despite the niagle

of the problem of malnutrition and infection espdlgi

firmed with ELISA for children >18 months and HIV-
DNA PCR for those agedl8 months.

A total of 5mis of whole blood was collected fromce

of patients into two ethylenediamine tetraacetate
(EDTA) vacuette containers, 2 mls in an EDTA vataiet
container for complete blood count and HIV testthat
Haematology laboratory and 3mis in the other coetai
for CD4" count using partec cytoflow machine which
was done by the Investigator under the close sigiernv
of the Laboratory Scientist in charge of the inigsst
tion. The sample collection and assay of CDB&
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lymphocyte count was done between 8am and 12midResults

day at the Immunology laboratory. The reagents and

protocol for CD4 T-lymphocyte count were obtained One-hundred children were recruited each as subject
from Partec (Munster, Germany). A total of g0 of group and control group over a year period. The two
well-mixed whole blood in EDTA was placed in thstte study groups were comparable in age (p= 0.53), sex
tube provided, and 20L of CD4-PE monoclonal anti- (p= 0.65) as depicted in Table 1.

body was added. The contents of the tube was mixed

gently and incubated in the dark at room tempeeafor
15 min. Following incubation, 80@L of non-lyse buffer Table 1: Some demographic characteristics of the subjedts an
was added to the tube. The tube was mixed gentlg fo e control

seconds to re-suspend the cells immediately befor&/ariable PEM Control 2 t p
counting. Calibration of the cytoflow instrument sva n=100 __ n=100

done with standard stained beads of known concentra

tion to obtain the best peak and resolution forntiog Age (month)

N Range 6.0-59.9 6.0-59.9
CDA4'T celis. Meant+S.D. 18.7¢9.4 19.1#9.7 - 063 053
The complete blood count was analyzed at the hadmat gender
ogy laboratory using the Automated (Coulter) methodfFemale 36 (36%) 37(37%)
using Swelab Alfa 3-part haematology analyzer (Boul Male 64 (64%) 63(63%) 0.20 - 0.65

Medical, Stockholm, Sweden, 2006). The 2ml of whole
blood collected earlier was mixed well using a mixe The mean haematocrit value was significantly lower
before analysis using the afore-mentioned machahe f children with PEM (29.4+3.4%) compared to the con-

lowing the manufacturer’s instruction. trols (34.0+£1.9%) (t= -12.0, p= 0.0001). There were
significant differences in the haematocrit (F= 39¢
Data Analysis 0.001), total leucocyte count (F= 8.5, p= 0.00@bso-

lute neutrophil count (F= 4.3 = 0.002) and absolute
The data entry and analysis were done using SRS stlymphocyte count (F=7.8, p= 0.0001) of the controls
tistical package version 17.0. The comparison ems  when compared with those of various clinical tyjpés
was done using Student's t test. The comparisqgr@f  PEM as depicted in Table 2. The mean TLC and abso-
portions of gender and socio-economic class oithé lute lymphocyte count were observed to be higher
nourished and well-nourished groups were done usingamong children with kwashiorkor.
Chi-square test. A p value of 0.05 or less at 9%f#fic
dence interval was regarded as statistically sicanit.

Table 2: Some haematological parameters of the children REM according to clinical type of PEM and the coht

Parameters Control Mean+SD values of Complete blood count Marasmus
kwashiorkor Underweight-  Underweight Marasmic-
kwashiorkor kwashiorkor
"Haematocrit ~ 34.0¢1.8 28.6x2.4 28.9x1.7 31.8+3.7 2293 28.3+3.3
TLC 7.2+1.6  9.2+1.4 7.11.2 8.7+2.2 8.6x1.4 8.5+1.9
*ANC 2.3+0.8 2.7+0.8 2.5+0.7 3.0£1.5 2.9+0.9 2.9+1.0
TALC” 4.2+1.1 5.6+1.5 3.9+0.7 4.9+1.3 4.940.9 5.1+1.2
APC 28572 253473 249+70 295481 27087 200+61

Key: ANC= Absolute Neutrophil Count; ALC= Absolute Lymptyte Count; APC= Absolute Platelet Count;

TLC= Total Leucocyte count; Kwash= Kwashiorkor;gtires are in 1cells/L.

#=(F=39.9,p= 0.0001);¢ = (F=8.5,p= 0.0001); = = (F=4.3>= 0.002);

t=(F=7.8;p=0.0001)F = (5.7,p= 0.0001) (DELETE as this can go for short repoot@so it not part of your objective for this paper)

The mean absolute CD#-lymphocyte count in the count (r= - 0.52p = 0.0001) was also observed in the
subjects was 1705.5 + 605.6 cells/uL and the absolu controls as shown in figure 1. The mean value o#CD
count ranges between 444 cells/uL and 3220 cellsiuL T-lymphocyte count was comparable in both sexes
children with PEM as compared to 2,314.3+491.1stell (female= 1692.2+605.9 cells/uL; male= 1712.4+609.9
uL (range 1,434 cells/uL to 3,775 cells/uL) amohg t cells/uL) (t=- 0.16p=0.87) as shown in Table 4. In both
control group respectively. The difference in meangroups, the mean CDZ -lymphocyte percentage ranges
CD4" T-lymphocyte count was statistically significant between 49.1% and 51.4% across the age groupst and
(t= -7.8, p= 0.0001). This significant difference was was 50.3% in both genders. There were no significan
evident among children aged 36 months and belowdifferences in the mean CDZ -cell percentage across
when segregated by age group as shown in Table 3.  the age group (F= 0.2z 0.89) and between the gender
(t=0.03, p=0.98) among the malnourished. There were
There was an inverse relationship between the ade a no significant differences in the mean CD&cell per-
the mean CD4T-lymphocyte count (r= - 0.5= 0.04)  centage across the age group (F= 0488,0.92) and
in the children with PEM. A similar inverse relaighip between the gender (t=0.3%0.88) among the controls.
between the age and the mean CD4ymphocyte
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Table 3: Comparison of mean of CD#-Lymphocyte counts Table 5: The mean value of CD4+ T-Lymphocytes counts of the

of the Subjects and the Controls according to agem various types of PEM and the controls

Mean+SD CDB-Lymphocyte Count (cells/pL)  Types of MeanSD COA-Lymphocytes Counts (cells/uL)
Age Group Subjects Control t p PEM 6.0-11.9mo  12.0-23.9mo 24.08360 36.0-47.9 mo 48.0-59.9 mo Total
(month) (n=100) (n=100) Control

n 32 56 8 2 2 100
2675.7+464.5 2204.7+414.7 1881382 1877.0+60.8 1770.0+70.7 2314.3+491.1

6.0-11.9 909.9+672 2675.7+464.%4.7 0.0001 “Kwashiorkor

n 4 14 2 - - 20
n 32 32 2334+1064 20444675 1995+219 - - 2098+713
12.0-23.9 1657.84594.0 2204.7+414.7 8 -3. 0.0001  ™-kwash.
n 9 10 1 - - 20
n 53 56 2192+696 16494792 1540 - - 18884762
24.0-35.9 1484.3+351.8 1881.4+238.4 6 -4. 0.003 *U-Kwashiorkor
n 11 8 " %440 0 1?189 359 11428 0 : ’ 125034 402
36.0-47.9  1374.0+132.9 1877+60.8 - - Underweight ) ) )
n 4 6 6 2 2 20
n 2 2 2112+448 1583+424 1332+319 1374+133 1247+238 TR
- - - M
480599 1247522383 17700:707 arasms. ) ) o .
1512+396 1288+296 1380+0 - - 1449+368
Total 1705.5+605.6 2314.3+4911.8 0.0001
Fig 1: A graph showing mean absolute CID4ymphocyte \'fvgiy;r:]t'\/l'('v‘\(l‘;v:hsigfko’wrarasmic'kW""Shiorkor' U-Kwashiorkdsader-
count of the subjects and the controls accordiragegroup %= (t= 7.46,p=0.21 )= (t= 3.20, p= 0.002); = (&= 6.67, p= 0.001);
4= (t= 6.36,p= 0.001); 2= (t= 7.46p= 0.001).

2200 \\

2000 v\ - -

-\—\__\‘\1 Discussion
—&— Controls

‘ Protein-energy malnutrition (PEM), especially sever
500 forms had been demonstrated to affect almost alybo
0 : systems as adequate nutrition is essential fonthiate-
oM wmeme | oms  ceows mewe nance and integrity of the body systems and strestu
including body’s immunity.
Table 4: The levels of CDAT-Lymphocyte Count in children ~ The mean absolute CDA4T-lymphocyte counts were

1000

CD4T-Lymphocyte Counts in cells/pL

Age Groups in Months

with PEM according to age and sex. shown to be significantly lower among children with
Gend PEM in this series, and the difference was morealsy

Age (months) Male enfrale t p among children less than 3years of age. The corbfgara

n=64 n=36 mean CDZ T-lymphocyte count between the two

6.0-11.9 MeantSD 1829.1+663.8 2087.8¢$951.04  0.33 groups above 3 years of age was due to the smai nu

Range 050-3118 1492-3220 ber of children recruited for the groups in thege a

n 22 10 groups. This finding is comparable with the findsnof
12.0-23.9 Mean+SD 1702.3+618.5 1571.4+543.40.74 0.47 Yusuf et al'’, Najeraet af? in Mexico, Fakhir and col-

Sange 3?578 '3080‘124_2900 league¥® in India and Bachdd and coworkers in
24.0-35.9 MeantSD 16435:646.5 1705.8:755.0.14 089  Jganda but in contrast to the findings of Rikimand

Range 1068-2150 0271774 his colleague® and Najeraet af®who found no signifi-

n 5 4 cant difference in the levels of CDB-lymphocyte sub-
36.0-47.9  MeansSD  1280.0:00 14680 - - set among the malnourished and well-nourished Ghana
48.059.9 Mean+SD 1416+0.0 1079400 - . ian and Mexican children respectively. This findiof

n 1 1 lowered CD4 T-lymphocyte count in children with

Total MeantSD 1712.44609.9 1692.2+605 -0.16 0.87 PEM in this study may suggest depressed cellulai-me

A statistically significant difference was obseniadhe ~ &t€d immunity, hence, poor immune response among
mean CDAT-lymphocyte count of the different types of Children with PEM as CD4T-lymphocytes play a cen-
PEM with the highest value observed among childrentral role in regulating the body immune system a@d
with kwashiorkor (2097.7+712.9 cells/uL) and lowest SPOnse to antigen challenge such purified protefva-
value observed among those with marasmusive and vaccinatioft® Hence, these children may be
(1449.3+368.2 cells/uL). There were significantfetif susceptible to various forms of infections suclbaste-
ences in the mean CHZ-lymphocyte count of the con- rial, viral and fungal infections; and may have poo

trol (2314.3+491 cells/uL) when compared to thoge o '€SPONSe to vaccination and antigen challenge sests
marasmus (1449+368 cells/ul) (t= 7.46= 0.001), as Mantoux test.

marasmic-kwashiorkor (18881762 cells/uL) (t= 3.p0, )

= 0.002), underweight (1559452 cells/uL) (t= 6.88, N this study the mean CDZ-lymphocyte count was
0.001) and underweight-kwashiorkor (15342402 cells/Shown to be decreasing with increasing age in buth
HL) (t= 6.67,p= 0.001), but it was comparable with that malnourished and well-nourished children with diigni
of kwashiorkor group (2098713 cells/uL) (t= 7.45; cant negative correlation between the age and*Tb4

0.21) as shown in Table 5. lymphocyte count. This finding is similar to thetigan
observed among the malnourished and well-nourished

healthy young children as reported in previous istud




both in and outside Nigerfd?*>**The absolute CD4T-
lymphocyte counts for age in this series was wition-
mal reference values reported among Amefitamd
Saudi Arabian childréibut were higher compared to
the values reported by Emmanlaf®among healthy
Nigerian children in 2009 in Lagos. The differemoay
be related to the machine (FACScount machine) used
enumerating CD4T-cells count in their study. The ma-
chine could only determine cournt2000 cells/uL
(Partec cytoflow machine used in this study caredet
up to 4,000 cells/uL) and perhaps the larger sasipke
in Lagos series. The higher value of Cdymphocyte
counts among infants compared to young childreridcou
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the plasma cortisol to be maintained at sufficiehigh
level is responsible for the biochemical events in
kwashiorkor. High levels of steroid in the body bav
been associated with low CD4-lymphocyte count,
which may also explain the lower CDZ-lymphocyte
counts among children with marasmus in this sttidy.
This observation may suggest that a certain degfee
immunocompetence is required for the development of
oedema in kwashiorkor.

This implies that there is likelihood of immunosugs
sion in children with PEM especially those presamti
with marasmus. Severe PEM alters the immunological

be related to the higher absolute lymphocyte counttompetence of the body via a number of mechanisms

among this age group as a positive correlationbiees
established between absolute lymphocyte count laad t
CD4" T-lymphocyte counfé®. This observation implies
that interpretation of the CDZ-lymphocyte counts in
under-5 children has to be age-adjusted and irttiirec
not reliable for monitoring of disease conditiong!s as
HIV infection.

In this series, the mean absolute CD#lymphocyte
was similar in both males and females. A similadiing
was reported by Yusuf &t al'’ in Sokoto, Nigeria and
Foca M and colleagu#sin USA, but in contrast to that
reported by Mandala and coworkéraho reported sig-
nificantly higher CD4 T-lymphocyte count among fe-

which include apoptosis of thymus gland, macro and
micronutrients deficienciéd The depletion of CD4T-
lymphocytes count is associated with impaired ¢ailu
immunity.As a result of this, children with PEM and
especially marasmus are likely to develop severm fo
of infection with resultant high morbidity and mality
rates among children with severe PEM. The higher
CD4" T-lymphocyte count observed among children
with kwashiorkor may not suggest immunocompetence
in this group of children as there may be other imm
nological derangements (which were not studiechis t
work) which make them susceptible to various foohs
infections and higher morbidity and mortality ratesr-
ther studies need to be conducted to further coraib

males compared to the male Malawian children. Thisthese findings.

shows that gender has no significant effect onQbd"
T-lymphocyte count in children in our community.
Therefore, there is no need for different referevalees

for different gender in interpreting the CDA4T-
lymphocyte count in both genders.

Conclusion

The CD4 T-cell percentage was comparable in all ageln conclusion, the PEM has deleterious effects fo t

groups below 5 years and between the genders asisho
in this study. This is similar to earlier findingsnong
under-5 children both in and outside Nigefid® This
implies that the CD4T-cell percent is relatively stable
with no significant change in children below 5years
hence, it is very useful and reliable as a guidé&éat-
ment decisions and monitoring of under-5 childrathw
HIV infection.

A significant relationship between the levels of £D-

CD4" T-lymphocyte counts among under-5 children
with PEM in our community, with the lowest count-ob
served among those presenting with marasmus. These
findings might reflect the effect(s) of PEM on thme-
mune systemThere is need for a large multi-centered
study to be conducted to further elucidate immugielo

cal derangements in children with PEM. Furthermore,
The CD4 T-lymphocyte percentage is relatively similar
among under-5 irrespective of the age or gended, an
therefore, can be useful in treatment decisionsraoi-

lymphocyte count and the clinical types of PEM hastoring under-5 children with HIV infection. A largeo-

been demonstrated in this study. The CO4
lymphocyte count is much lowered among childrerhwit

hort multicentre study would be needed to estabimh
mal reference values for CDZ-lymphocyte subsets in

marasmus and highest among those with kwashiorkobur community.

which appeared normal. A similar pattern was earlie
reported by Yusugt al'’ Bachou and his colleagdés
and Stephen and his colleagd@dowever, Rikimaru
and his colleagué¥ound no relationship between the
level of CD4 cells and the type of PEM. The observed
higher absolute CD4T-lymphocytes among children
with kwashiorkor may be related to the high absolut
lymphocyte count observed among children with
kwashiorkor in this study as there is positive etation
between the total lymphocyte count and CD#-
lymphocyte count*® It could also be related to the
blood level of cortisol in children with kwashionkas it
was postulated in dysadaptation theory, that failof
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