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Abstract
Background: Anaemia is commonly reported among people living with HIV, however
the prevalence of anaemia in highly active antiretroviral therapy (HAART) experienced
Nigerian children has not been well defined. This study addressed this gap and evaluated the
relationship between haemoglobin concentration and CD4 count in the presence of HAART.
Method: Participants (n=164) were aged between 5 and 12 years, living with HIV and
had received HAART for a minimum of 12 months. All participants were outpatients at
two HIV treatment centres in Lagos, Nigeria. Haemoglobin concentration and CD4 count
were determined as part of baseline measurements for an ongoing randomized controlled
multivitamin study (NCT02552602). Prevalence of anaemia and immune deficiency were
determined based on haemoglobin concentration and CD4 count (respectively) of study
participants. Pearson correlation was used to evaluate the correlation between haemoglobin
concentration and CD4 count. T test was used to determine if statistical differences in
haemoglobin concentration existed among participants with immune deficiency and no
significant immune deficiency.
Result: At 54.2%, anaemia was still highly prevalent in HAART experienced children in Lagos,
Nigeria. The prevalence of anaemia among immune deficient participants (CD4 count <500 cells/
mm3) was not significantly different from the prevalence of anaemia among participants with no
significant immune deficiency (CD4 count ≥ 500 cells/mm3) (52% v 55%, Pearson Chi- Square,
P= 0.783). Haemoglobin concentration was not significantly correlated with CD4 count (Pearson
correlation (r) = 0.081, P = 0.302) and haemoglobin concentration could not be used as a predictor
of immune status (Binary logistic regression, OR 1.461, 95% CI 0.866 – 2.464, P= 0.16).
Conclusion: Despite HAART use, anaemia is still highly prevalent among HIV positive
children in Lagos, Nigeria. With the known negative influence of anaemia on HIV disease
progression, it is important that measures to address anaemia in these children are evaluated
and implemented.
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Background
Anaemia has been reported to be one of the more common
haematological disorders affecting people living with HIV
(PLHIV) [1-3]. Studies have shown that the prevalence of
anaemia in HIV disease can be up to 80% [4-6] depending
on region and threshold used to define anaemia. HIV related
anaemias may be as a result of opportunistic infections
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[7], as a side effect of chemotherapeutic treatment [811], as a result of changes in cytokine expression with
resultant decrease in blood cell production [12,13], or as a
consequence of micronutrient deficiencies [7].
In HIV infection, the presence of anaemia could translate
to significant reduction in quality of life [14] and faster
HIV disease progression [11,15]. Furthermore, anaemia is
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Figure 1: Link between anaemia and worsening health outcomes in HIV infection

believed to be a predictor of morbidity and mortality in
PLHIV [16]. The relationship between anaemia and HIV
prognosis has been described in Figure 1.
Resolving anaemia in PLHIV is beneficial as a previous
study reported a 170% decrease in mortality risk in
PLHIV with resolved anaemia, as opposed to those with
persistent anaemia [11]. Fortunately, HAART for at
least 6 months is associated with resolution of anaemia
[17,18], while HAART for at least 12 months is associated
with protection against development of anaemia [18]. In
paediatric HIV infection, declines in prevalence of anaemia
in HAART settings have also been reported [19-21].
However, variations in the prevalence of anaemia reported
in different parts of the world [22], reports of increased
incidence of anaemia in the black race [9,11,23] as well as
the relationship between malnutrition and anaemia [24,25]
have made it imperative to understand the prevalence of
anaemia in HAART experienced children in food insecure
settings as seen in some parts of Nigeria.
A number of mechanisms through which HAART corrects
prior existing anaemia have been proposed. It is believed
that the ability of HAART to protect against opportunistic
infections could indirectly ameliorate the negative effects
of HIV infection on erythropoietin levels [26]. In addition,
by inhibiting HIV-1 replication and reducing viral loads,
HAART use is linked with improved hematopoietic
progenitor cell growth [27,28]. Furthermore, use of
protease inhibitors are also linked to a reduction in
hematopoietic progenitor apoptosis [29]. Hence HAART
use potentially translates to increased blood cell generation,
and resolution of pre-existing anaemia.
HAART use is also associated with immune restoration
which is characterised by an increase in CD4 cell count
[30]. With the restoration and preservation of CD4 cells,
quality of life is improved and risks of HIV related
morbidity and mortality is reduced [30].
Using haemoglobin (Hb) concentration to diagnose
anaemia and CD4 count to determine immune status,
this study aimed to determine the prevalence of anaemia
and immune deficiency among study participants. It
also assessed whether a correlation existed between Hb
concentration and CD4 count among study participants
and if Hb concentration could be a good predictor of
immune status based on CD4 count. Lastly, it evaluated
if there was any difference in Hb concentration among
participants with immune deficiency and those with no
significant immune deficiency.

Method
Study setting and context
This study was carried out as part of baseline evaluations
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of participants enrolled in a multivitamin intervention
study (NCT02552602). Participants were recruited from
two HIV treatment centres in Lagos, Nigeria: The Nigerian
Institute of Medical Research (NIMR) and the Lagos State
University Teaching Hospital (LASUTH). Both hospitals
provide care, treatment and support to people exposed to
HIV or living with HIV. Recruitment was conducted from
May 2015 to August 2015.
Study population, sample analysis and data collection
A total of one hundred and sixty four participants (n=164)
were included. Inclusion criteria were; 1) Children aged
5-12 years who have tested positive to HIV; 2) Children
attending the outpatient clinic at the HIV treatment centres
in NIMR and LASUTH; 3) HAART use for a minimum
of 12 months; 4) Children whose guardians could give
informed consent. Exclusion criteria; 1) Children enrolled
in other studies; 2) Children on immune suppressive
therapy; 3) HAART naïve children; 4) Children with
missing data for CD4 count, haemoglobin concentration
and HAART initiation date.
CD4 count was used to determine immune competence
and CD4 count was measured using Partec Cyflow
Counter/Kits. Haemoglobin (Hb) concentration which
was used to diagnose anaemia and Hb concentration was
measured using Urit-12 Hb meter. Date of ART initiation
was obtained from patient files.
Definitions of anaemia and immune status
Anaemia for this study was defined as severe anaemia,
mild – moderate anaemia and no anaemia using Hb
concentration ranging <8.0 g/dl, 8.0 g/dl – 11.4 g/dl and
≥11.5 g/dl respectively [31]. Immune status was defined
as severe immune deficiency, mild- advanced immune
deficiency and no significant immune deficiency using
CD4 count ranging < 200 cells/mm3, 200-499 cells/mm3
and ≥ 500 cells/mm3 respectively [32].

Data analysis
A statistical software package (SPSS v22) was used for
all statistical analysis. Percentages were used to describe
categorical variables, as well as prevalence of immune
deficiency and anaemia. Continuous variables were
described using mean ± standard deviation (SD). Pearson
correlation was used to determine the correlation between
Hb concentration and CD4 count. Binary logistics
regression was used to determine if Hb concentration could
be used to predict immune status (determined by CD4
count). For binary logistic regression analysis, CD4 count
was analysed as a binary categorical variable; CD4 count
<500 cells/mm3 representing immune deficiency and CD4
count ≥ 500 cells/mm3 representing no significant immune
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deficiency. T test was used to determine if statistical
difference exist in Hb concentration among participants
with immune deficiency (CD4 count < 500 cells/mm3) and
those with no significant immune deficiency (CD4 count
≥ 500 cells/mm3). P value of <0.05 at 95% confidence
interval (CI) was used as level of statistical significance.

Ethics and Consent
This study was part of baseline evaluations for a
randomized controlled multivitamin study. Ethics
approvals for the multivitamin study were obtained from
the Institutional Review Board of the Nigerian Institute of
Medical Research, the Health Research Ethics Committee
of the Lagos State University Teaching Hospital and the
Ethics Committee of the School of Health, Nursing and
Midwifery, University of the West of Scotland.
All participants were enrolled after written informed
consent had been obtained from guardians. Written
informed consent was required due to the vulnerable
nature of study participants. Participant assent was also
sought and obtained.

Results
Although 190 participants were enrolled into the
randomized controlled multivitamin trial, data from only
164 participants were included in this study. For the 26
excluded participants, 14 participants were on HAART for
less than 12 months, 10 participants were not on HAART
at the time of enrolment, baseline CD4 count and Hb data
for one participant was missing, while HAART initiation
date for one participant was unavailable.
Of the 164 participants included in this study, 55.5%
(91/164) and 44.5% (73/164) were male and female
respectively. Mean (± SD) age of participants was 8.26
(± 1.91) years, while mean CD4 count (± SD) and mean
Hb concentration (± SD) were 1004.39 (± 519.32) cells/
mm3 and 11.07 (± 1.41) g/dl respectively. Mean Hb
Table 1: Participant characteristics.
Variable
Value
Male
91 (55.5%)
Female
73 (44.5%)
Male: Female
1.25:1
Age (mean in years ± SD)
8.26 (± 1.91) years
CD4 count (mean ± SD)
1004.39 (± 519.32) cells/mm3
Hb concentration (mean ± SD)
11.07 (± 1.41) g/dl

concentration (± SD) in females and males were 11.13(±
1.37) g/dl and 11.02 (± 1.46) g/dl respectively, while mean
CD4 count (± SD) was 1108.00 (± 566.07) cells/mm3
and 921.27 (± 465.19) cells/mm3 in females and males
respectively. While there was no statistically significant
difference in Hb concentration in females and males
(P=0.65), females had significantly higher CD4 count
compared to males (P=0.02) (Table 1).
The prevalence of anaemia in study participants was
54.2%. The prevalence of severe anaemia and mildmoderate anaemia was 1.2% (2/164) and 53.0% (87/164)
respectively, while 45.7% (75/164) of participants were
not anaemic. In 83% (137/164) of participants, there was
no significant immune deficiency (CD4 count ≥ 500 cells/
mm3). However, 15.9% (26/164) and 0.6% (1/164) had
mild – advanced immune deficiency (CD4 count 200-499
cells/mm3) and severe immune deficiency (CD4 count <
200 cells/mm3) respectively ) (Table 2).
The only participant with severe immune deficiency had
mild- moderate anaemia. Of the participants with mild
– advanced immune deficiency, 1/26 (3.8%) had severe
anaemia, 12/26(46.2%) had mild - moderate anaemia,
while 13/26 (50%) did not have anaemia. Of the participants
with no significant immune deficiency, 1/137 (0.7%)
had severe anaemia, 74/137 (54%) had mild - moderate
anaemia and 62/137 (45.3%) were not anaemic. This is
described in Figure 2. For immune deficient participants
(CD4 count < 500cells/mm3) and those with no significant
immune deficiency (CD4 count ≥ 500 cells/mm3), 51.9%
(14/27) and 54.7% (75/137) respectively were anaemic.
The difference in anaemia prevalence among participants
based on immune status was not statistically significant
(Pearson Chi-Square, P= 0.783).
The Hb concentration for the participant with severe
immune deficiency was 9.0g/dl. The mean Hb concentration
(± SD) for participants in the mild-advanced immune
deficiency group (CD4 count 200-499 cells/mm3) and the
no significant immune deficiency group (CD4 count ≥ 500
cells/mm3) were 11.02 (± 1.80) g/dl and 11.09 (± 1.33) g/dl
respectively. Due to the fact that only one participant was
in the severe immune deficiency group, immune status
was then evaluated as the presence or absence of immune
deficiency and not as a degree of immune deficiency. Hence
participants were divided into two immunological groups
based on CD4 count: immune deficient (CD4 < 500 cells/

Table 2: Group characteristics
CD4 count (Based on WHO classification system [32])
Measure
Group
Number (%)
Mean (± SD)
<200 cells/ mm3
Severe immune deficiency
1 (0.6)
42
200-499 cells/ mm3
Mild – advanced immune deficiency
26 (15.9)
395.69 (84.981)
≥500 cells/ mm3
No significant immune deficiency
137 (83.5)
1126.93 (478.68)
Hb (Based on WHO recommendation for diagnosis of anaemia for children aged 5-11 years [31])
<8.0 g/dl
Severe anaemia
2 (1.2)
6.80 (0.42)
8.0 – 11.4 g/dl
Mild – moderate anaemia
87 (53.0)
10.15 (0.92)
≥11.5 g/dl
No anaemia
75 (45.7)
12.25 (0.72)
31
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Figure 2: Bar chart grouping participants according to severity of anaemia and immune status

Figure 3: Haemoglobin concentration according to immune status

mm3) and no significant immune deficiency (CD4 ≥ 500
cells/mm3). No statistical difference in Hb concentration
was observed among immune deficient participants and
participants with no significant immune deficiency (10.95
± 1.81g/dl vs11.09 ± 1.33 g/dl respectively, T-test, P =
0.63). This is described in Figure 3.
When data for all study participants (164/164) were
analysed, there was no correlation between Hb
concentration and CD4 count (Pearson correlation (r) =
0.081, P = 0.302). However, when data specifically for
anaemic participants (89/164) were analysed, there was
a weak positive correlation between Hb concentration
Curr Pediatr Res 2016 Volume 20 Issue 1 & 2

and CD4 count (r = 0.249). Further analysis using binary
logistic regression showed that Hb concentration of
anaemic participants could not be used to predict immune
status (OR 1.461, 95% CI 0.866 – 2.464, P= 0.16). For
binary logistic regression analysis, CD4 count was
analysed as a binary categorical variable; CD4 count <
500 cells/mm3 representing immune deficiency and CD4
count ≥ 500 cells/mm3 representing no significant immune
deficiency ) (Table 3).

Discussion
Anaemia is a significant predictor of HIV disease
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Table 3: Number of participants in each group based on CD4
count and Hb concentration
CD4 count
<200 cells/mm3
200-499 cells/mm3
≥500 cells/mm3
Total

Hb concentration
<8.0 g/dl 8.0-11.4 g/dl
0
1
1
12
1
74
2
87

≥11.5 g/dl
0
13
62
75

Total
1
26
137
164

progression [1,11,15,33,34]. Hence the need to diagnose
anaemia and treat the underlying causes is pertinent to
improving overall health outcomes of PLHIV. Anaemia,
defined as Hb < 11.5 g/dl [31] in this study, was found
to be highly prevalent (54.2%). The prevalence of
severe anaemia was very low (1.2%), suggesting that
severe anaemia may be a less prevailing occurrence in
patients experienced on HAART [35,36]. However, mildmoderate anaemia was still highly prevalent at 53.0%.
This prevalence was higher than that reported in similar
studies conducted in HAART experienced children in
Eastern Ethiopia (39.2%) [20], Kenya (16.6%) [19], South
Western Ethiopia (21.9%) [37], 5.6% -9.2% in seven West
African countries excluding Nigeria [36], as well as in
Uganda and Zimbabwe (7%) [38].
Lower Hb concentration threshold used to define anaemia
in some of the previous studies would have contributed
to the non-comparability in reported prevalence. For
some of these studies, anaemia in children was defined
as Hb concentration below 10 g/dl [19,37] and 10.5 g/dl
[39,40]. Hence the lower cut-offs could have considerably
lowered the prevalence of anaemia and underestimated the
magnitude of the problem.
Another factor that could have contributed to the high
prevalence of anaemia seen amongst study participants is
the possible effect of zidovudine. The known side effects
of macrocytic anaemia and myelosuppression associated
with zidovudine use in PLHIV have been reported in
several studies [38,41- 46]. With 81.1% (133/164) of study
participants on zidovudine (AZT) based HAART regimen,
the potential contribution of AZT to the high prevalence
of anaemia may have been substantial. Other possible
factors that may have contributed to the higher prevalence
of anaemia in this study compared to previous studies
include dissimilar methodologies used, heterogeneity
of study populations, varying nutritional status of the
different study populations bearing in mind the effect of
malnutrition on anaemia [24,25], varying interventions
used to prevent anaemia in the different settings as well as
socioeconomic and geographic variations.
It is important to note that a number of studies [39,40]
have also reported similarly high prevalence of anaemia in
Nigerian children regardless of HIV status (49.2%; 76.9%
and 57.1%; 38.6% and 57.1% respectively). Hence there is
the likelihood that the high prevalence of anaemia amongst
participants in this present study may be a reflection of the
prevalence of anaemia in Nigerian children.
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No significant difference was observed in the prevalence
of anaemia among immune deficient participants (CD4
count < 500 cells/mm3) and participants with no significant
immune deficiency (CD4 count ≥ 500 cells /mm3) (52% v
55%), P = 0.783. Our result contradicts previous reports
of increased prevalence of anaemia in HIV positive
persons with lower CD4 count [12,34,47]. It is possible
that the lower CD4 count threshold used to define immune
deficiency in previous studies compared to the 499 cells/
mm3 cut-off point used in this study may have contributed
in part to the different results obtained. Furthermore, the
inclusion of HAART naïve study participants in previous
studies [12,47] as opposed to HAART experienced
participants enrolled into this study may have also been
partly responsible for the conflicting results. Further data
analysis showed that there was no statistically significant
difference in Hb concentration among immune deficient
(CD4 count < 500 cells/mm3) participants and participants
with no significant immune deficiency (CD4 count ≥
500 cells/mm3) (P=0.63). This result also differs from
that reported elsewhere [34]. Our findings suggest that
for this group of HAART experienced participants, Hb
concentration may not be associated with immune status
based on CD4 count. This possibility was explored further.
Using Pearson correlation, there was no significant
correlation between CD4 count and Hb concentration
among participants (r = 0.081, P=0.302). This is inline with results obtained in previous studies [48-51],
but inconsistent with results reported elsewhere [1,35].
A significant correlation between CD4 count and Hb
concentration may possibly exist with HAART use as
successful reduction of viral loads influence both CD4
count and Hb concentration. Reduced viral load results in
increased CD4 count [52-54]. In addition, reduced viremia
may reverse the anti-proliferative influence of cytokines
thereby preventing the suppression of erythropoiesis,
with consequential increase in Hb concentration [55-57].
The non-significant correlation of CD4 count and Hb
concentration among this HAART experienced group made
up of over 80% immune competent individuals suggests
that the prevailing anaemia amongst study participants
may be induced by factors unrelated to the erythropoiesis
suppression effect of the virus. This therefore supports the
multifactorial nature of HIV related anaemia [34,58].
When data from anaemic participants alone (89/164) were
evaluated, there was a weak positive correlation between
Hb concentration and CD4 count (r = 0.249). Despite this
weak correlation, the potential to use Hb concentration
(in anaemic patients) as a predictor for immune status
(based on CD4 count) was evaluated using binary logistic
regression. Results showed that after at least 12 months
of HAART use, Hb concentration was not independently
associated with immune status (OR 1.461, 95% CI 0.866 –
2.464, P= 0.16). Results from this present study therefore
suggest that Hb concentration would be an unsuitable
predictor of immune status (based on CD4 count).
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More recent studies have arrived at similar conclusions
supporting the non-suitability of Hb concentration for
predicting CD4 count [48,50,51]. Some other studies have
however reported that Hb concentration can increase the
sensitivity of total lymphocyte count in predicting CD4
count [59], but this was not explored in our study.
Successful HAART use is associated with immunological
recovery [60- 65]. This is reflected in this study as majority
of participants (137/164, 83.5%) had no significant
immune deficiency. Unsurprisingly, severe immune
deficiency was very uncommon in this group of HAART
experienced participants (1/164, 0.6%). For the single
participant with severe immune deficiency, the cause(s)
of treatment failure would be identified, and treatment
regimen modified accordingly.
This study is limited by the fact that (for participants
with anaemia), the type of anaemia was not identified
and underlying cause(s) of anaemia were not determined.
Furthermore, the prevalence of anaemia in HIV negative
children of comparable age and in similar settings was not
determined. Hence the interpretation of our prevalence
results may be limited. This study is strengthened because
both male and female children were included; hence
results can be generalized to similar settings in Nigeria.
Furthermore, all the data used for this study were from
HAART experienced children as opposed to HAART naïve
children included in majority of earlier studies. This study
therefore contributes to some of the newly emerging data
on the prevalence of anaemia in the presence of HAART.
Despite increasing HAART access to PLHIV, this study
provides an insight to a health challenge that remains
unresolved in HIV positive children in Lagos, Nigeria.

Conclusion
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