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Purpose: Anemia is a global public health problem, and the majority of human immuno
deficiency virus (HIV)-positive people become anemic at some point in the course of the 
disease. We lack adequate evidence on the magnitude of anemia among children on highly 
active antiretroviral therapy in Ethiopia and particularly in South Ethiopia. Thus, this study 
aimed at determining the proportion and associated factors of anemia among children on 
highly active antiretroviral therapy in Wolaita zone, South Ethiopia.
Patients and Methods: A facility-based cross-sectional study was conducted from 
November to December 2018 on 256 children from 6 months to 14 years of age who 
were on antiretroviral therapy. Data were collected through an interview with caregivers 
and review of medical records. CD4+ cell count was analyzed using FACS Calibur, and 
hemoglobin level was measured with a Hem cue 301 analyzer. Stool samples were 
examined for the presence of intestinal parasites by direct wet mount technique. Data 
analyzed with Stata version 14.0 were conveyed in mean and standard deviation of the 
mean, median and inter-quartile range. Multivariate analysis was carried out to identify 
independent predictors of the outcome variable. Adjusted odds ratio with 95% confidence 
interval was reported.
Results: The proportion of anemia was found to be 38.8%. Co-trimoxazole prophylaxis 
(AOR=0.45; 95% CI: 0.21, 0.95), caregivers not receiving nutritional counseling 
(AOR=0.90; 95% CI: 0.01, 0.98) and presence of intestinal parasites (AOR=3.10; 95% CI: 
1.39, 6.88) were associated with anemia.
Conclusion: The proportion of anemia found in this study is a moderate public health 
problem. Health education programs in antiretroviral therapy clinics should be targeted at 
appropriate dietary practice, and appropriate hand washing and other hygienic practices to 
prevent intestinal parasitic infections. Co-trimoxazole prophylaxis should be given to all 
eligible children based on the recommendation.
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Introduction
Anemia is a condition in which the number of red blood cells is insufficient to meet 
the body’s physiologic needs, with consequent diminishing of the blood’s oxygen- 
carrying capacity. Anemia can be caused by iron deficiency, other nutritional 
deficiencies, acute and chronic inflammation, parasitic infections, inherited or 
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acquired disorders that affect hemoglobin synthesis, and 
low red blood cell production or survival.1

Children with HIV are exposed to macro- and micro- 
nutrient related deficiencies; anemia being the 
commonest.2,3 Anemia is a critical health concern affect
ing growth and energy levels adversely, and it highly 
damages immune mechanisms.4,5

Anemia affects both developing and developed countries 
and thus it is a global public health problem.6 Globally, 
roughly 1.3–2.2 billion people suffer from anemia and in 
developing countries 50% of women and children are 
anemic.7 An estimated 63–95% of people living with HIV 
become anemic at some point in the course of the disease.8 

In India the prevalence of anemia among HIV-infected chil
dren was reported to be 47.1%.9 A prevalence level of 
69.1% was reported among HIV-infected children in 
Democratic Republic of Congo.10 In Ethiopia the prevalence 
of anemia among HIV-infected children ranges between 
16.2% and 39.1%.11–13 A combination of environmental 
and host factors predispose HIV-infected children to anemia.

We have very limited evidence on the prevalence of 
anemia among children on antiretroviral therapy (ART) in 
Ethiopia and there is a wide variation in the reported pre
valence. Thus the main aim of this study was to estimate the 
proportion of anemia among HIV-infected children on ART 
and to identify factors associated with the outcome in ART 
clinics of Wolaita zone, South Ethiopia.

Patients and Methods
Study Setting
A facility-based cross-sectional study was conducted from 
November to December 2018 at ART clinics of Wolaita 
zone. There are 16 health facilities that provide ART 
services. Wolaita zone has a latitude and longitude of 6° 
54ʹN 37°45ʹE with an average elevation of 1850 meters 
above sea level. All health facilities that provide ART 
services were included in the study.

Population and Sampling
Children, 6 months to 14 years of age, on ART paired with 
their mothers/caretakers who lived in the study area for at 
least half a year were included in this study. Since there 
are 262 children on ART attending ART clinics in Wolaita 
zone, a sample size was not calculated and all eligible 
children were included. Children who were on anemia 
treatment and received blood transfusion were excluded 
from the study.

Data Collection
We adopted a structured questionnaire from relevant arti
cles and related literatures.14 Medical records were 
reviewed and presence of opportunistic infections, base
line CD4+ count and World Health Organization (WHO) 
clinical stage were recorded to complement the primary 
data. Twenty-four hours recall was used to assess dietary 
diversity. Nurses and laboratory technicians were recruited 
for interview and laboratory analysis respectively. BSc 
nurses were recruited for supervision. Two days training 
was given for data collectors on the method of interview
ing. Trained laboratory technicians were employed and 
additional training was given. The questionnaire was pre- 
tested on 5% of the sample size at Shone Primary Hospital 
which is not part of the actual data collection. Close super
vision was undertaken during data collection to avoid bias. 
Standardized operating procedures were strictly followed 
during blood sample collection, storage and analytical 
processes.

Laboratory Analysis
Three milliliters of venous blood sample was collected 
using EDTA anti-coagulated test tube for CD4+ cell 
count and hemoglobin analyses. CD4+ cell count was 
analyzed using BD FACS Calibur 2008, a standard auto
mated analyzer which determines both CD4 and CD8 
absolute count and percentage by using whole blood sam
ples collected in liquid EDTA. The whole blood is added 
to the tubes of sample reagent pairs and the fluorochrome 
labeled antibodies bind specifically to antigens on the sur
face of lymphocytes. Hemoglobin level was measured 
with a HemoCue Hb301 analyzer (HemoCue AB, 
Ängelholm, Sweden. Stool samples were taken and exam
ined by direct wet mount technique to detect present of 
intestinal parasites microscopically.

Measurements
Anemia is established if the hemoglobin level is below 11 
g/dl for age 6–59 months, <11.5 g/dl for 5–11 years and 
<12 g/dl for 12–14 years and adjusted for altitude.1

Dietary diversity was determined by using three non- 
consecutive days recall of consumption of common food 
groups within the past 24 h. Foods were categorized into 
12 groups based on FAO recommendations.15 The number 
of food and food items consumed in each group were 
summed and classified as <4 and ≥4.16
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Dietary support: Additional food aid given by govern
mental and non-governmental organizations.

Dietary counseling: Dietary advice to use the available 
food diversity with the aim of assisting the client to man
age or modify food choices and eating behavior.

Meal: Any kind of food consumption within 24 hours 
of a day.

Statistical Analysis
Data were entered into Epi data version 3.1 and exported to 
Stata version 14.0 for analyses. The data were conveyed in 
mean and standard deviation of the mean, median and inter- 
quartile range. Normality was checked for all continuous vari
ables. Hosmer-Lemeshow goodness-of-fit test and Receiver 
Operating Characteristics (ROC) test were carried out to 
have confidence in the regression model. Collinearity was 
diagnosed, and there was no multicollinearity among the expo
sure variables included in the model. We used logistic regres
sion analysis to identify exposure variables with association to 
the outcome variable. Exposures and covariates with p<0.25 
during the bivariate analysis were included in multivariate 
analysis to increase the power of the model. Multivariate 
analysis was carried out to control for potential confounders 
and identify independent predictors of the outcome variable. 
Adjusted Odds Ratio (AOR) with 95% confidence interval 
(CI) was reported. The level of significance was set at p<0.05.

Ethics Approval and Consent to 
Participate
Ethical clearance for the study was obtained from the 
Ethical review committee at College of Health Science 
and Medicine in Wolaita Sodo University in Ethiopia. 
The ethical clearance letter was written to Wolaita zone 
health department which is the highest government body 
in the area for health and health research. Permission was 
granted from Wolaita zone health department and its lower 
health administrative structures to conduct the study. 
Finally, informed written consent for participation was 
obtained from parents/caregivers since we cannot obtain 
consent from children under 18 years of age. The protocols 
and ethical principles are all in line with Helsinki 
declarations.

Results
Socio-Demographic Characteristics
Overall, 256 children on ART participated in the study 
with a response rate of 97.7%. More than half, 140 

(54.7%) were girls. The median age was 12 (10–14) 
years, and 144 (56.2%) of the children were between 
12–14 years of age. About three in four, 192 (75.0%) 
were rural dwellers. One-third, 85 (33.2%) of the care
givers did not attend formal education and 74 (28.9%) 
were employed. About two-thirds, 171 (66.8%) of the 
households use either pipe or public tap water for drinking 
(Table 1).

Clinical and Immunological 
Characteristics
One hundred and seventy-one children (66.8%) were on 
ART for more than 60 months. A little higher than half, 
132 (51.6%) were in WHO stage 3 at baseline and nearly 
all, 251 (98.0%) were in WHO stage T1. Forty-two 
(16.4%) switched their drug regimen and 44 (17.2%) had 
some form of opportunistic infection. Seventy-three 
(28.5%) were taking co-trimoxazole prophylaxis. The 
median CD4+ count was 746.5 (516–1007) cells/mm3, 
and the majority of them, 182 (85.8%) had a CD4+ 
count > 350 cells/mm3 (Table 2).

Nutritional and Parasitological 
Characteristics
The majority of caregivers, 210 (82%) affirmed getting 
dietary advice. Nearly two-thirds, 167 (65.2%) of the 
children often eat fewer than three meals a day and 115 
(44.9%) had dietary diversity of less than 4. Most, 210 
(82.0%) of the children had no intestinal parasitic infection 
(Table 3).

Proportion and Factors Associated with 
Anemia
The mean ± standard deviation hemoglobin level of the 
study participants was 12.2 g/dl ± 1.4. The proportion 
of anemia was 38.8%. Children taking co-trimoxazole 
prophylaxis had 55% lower likelihood of being anemic 
than those who were not taking co-trimoxazole 
(AOR=0.45; 95% CI: 0.21, 0.95). Children whose care
givers were given nutritional counseling had 91% less 
likelihood of having anemia (AOR=0.90; 95% CI: 
0.01, 0.98). The odds of being anemic was 3 times 
higher for children who had an intestinal parasitic 
infection than their counterparts (AOR=3.10; 95% CI: 
1.39, 6.88) (Table 4).
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Discussion
In this study, the proportion of anemia among children on 
ART was found to be 38.8%. The prevalence of anemia in 
this study is a moderate public health problem according to 
the WHO classification of anemia.1 This finding is compar
able with a similar study conducted in different parts of 
Ethiopia (35%) and 39.1%.15,17 However, it is lower com
pared with a study conducted in southwest Ethiopia 

(53.1%).18 Lower prevalence was reported in different 
parts of Ethiopia (16.2%), (10%) and (22.2%).11,12,19 This 
divergence might be due to variation in the culture, dietary 
practice and socio-economic status across different segments 
of the population within the country.

Children who were taking co-trimoxazole prophylaxis 
had a lesser odds of being anemic compared with those 
who were not. This is in agreement with studies from 
Ethiopia and Gambia.11,20 One of the most important 
mechanisms of anemia in HIV infection is failure of ery
thropoiesis. Co-trimoxazole may reduce the levels of cyto
kines that impair erythropoiesis, by reducing immune 
activation as well as by preventing infections.21

Children whose caregivers did not receive nutritional 
counseling were more likely to be anemic compared with 

Table 2 Clinical and Immunological Characteristics of Children 
Involved in This Study at Wolaita Zone in South Ethiopia, 
December 2018

Variables (n=256) Frequency Percent

Duration of HAART <60 

months

85 33.2

≥60 

months

171 66.8

Baseline WHO stage Stage 1 51 19.9

Stage 2 49 19.1
Stage 3 132 51.6

Stage 4 24 9.4

Current WHO stage T1b 251 98.0

T2/T3c 5 2.0

Current drug regimen TDF 

based

18 7.0

AZT 
based

225 87.9

ABC 

based

13 5.1

Opportunistic infections Yes 44 17.2

No 212 82.8

Taking co-trimoxazole Yes 73 28.5

No 183 71.5

Baseline CD4 count (cells/ 

mm3) (n=240)

≤200 31 12.9

201–350 34 14.2
>350 175 72.9

Current CD4 count (cells/ 
mm3) (n=212)

≤200 9 4.3
201–350 21 9.9

>350 182 85.8

Notes: bOn treatment stage 1, cOn treatment stage 2/3.

Table 1 Socio-Demographic Characteristics of Children and 
Caregivers Involved in This Study at Wolaita Zone in South 
Ethiopia, December 2018

Variables (n=256) Frequency Percent

Sex Male 116 45.3

Female 140 54.7

Age 6 months to 

11 years

112 43.8

12–14 years 144 56.2

Residence Rural 192 75.0

Urban 64 25.0

Educational status of 

caregiver

No formal 

education

85 33.2

Primary 
(1–8)

87 34.0

Secondary 

(9–12)

23 9.0

Above 

secondary

61 23.8

Occupation of caregiver Unemployed 46 18.0

Government/ 

NGO 
employee

74 28.9

Merchant 60 23.4

Daily laborer 44 17.2
Farmer 32 12.5

Monthly income of 
household in Ethiopian 

Birr (ETB)

≤2000 138 53.9
2001–4000 73 28.5

>4000 45 17.6

Source of drinking water Pipe/tap 171 66.8
Protected 

well/spring

69 27.0

Unprotected 
well/spring/ 

river

16 6.2

Ways of treating water Boiling 31 12.1

Using 

chemicals

192 75.0

Filtration 33 12.9
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their counterparts. This finding is in agreement with 
a study conducted in Hawassa referral hospital where 
children whose caregivers did not receive nutritional coun
seling had higher odds of being anemic.22 Better informa
tion on the key dietary recommendations might have 
improved the caregiver’s practice of child feeding.

Consistent with studies from Ethiopia and Tanzania, 
children with intestinal parasitic infections had much 
higher odds of having anemia compared with those 
children who were not infected with intestinal 
parasites.12,23 This might possibly be due to the attach
ment of the worm in the intestine to the intestinal 
mucosa causing intestinal necrosis and blood loss. In 
addition, intestinal parasitosis may contribute to acti
vate the immune system where immune cells respond 
aggressively and this leads to anemia. Chronic infec
tions may also lead to anemia which results from 
excessive iron loss.4

Unlike many other studies, this study did not find an 
association between lower CD4+ cell count and anemia. 
This finding disagrees with a similar study from Addis 
Ababa (Central Ethiopia).12 But our finding corroborated 
with the finding in South Africa where being anemic is 
independent of CD4+ count. In the current study, this 
difference might be due to the fewer children with a low 
CD4+ count involved in this study.

Table 4 Factors Associated with Anemia Among Children 
Involved in This Study at Wolaita Zone in South Ethiopia, 
December 2018

Variables (n=256) Anemic Non- 
Anemic

COR 
(95% 
CI)

AOR 
(95% 
CI)

Age

6 months to 11 
years

37 
(33.04%)

75 
(66.96%)

0.67 
(0.40, 

1.12)

1.08 
(0.56, 

2.12)

12–14 years 61 
(42.36%)

83 
(57.64%)

1 1

Occupation

Unemployed 14 
(30.43)

32 
(69.57%)

0.35 
(0.16, 

0.77)

0.31 
(0.09, 

1.10)

Employed 41 
(55.41%)

33 
(44.59%)

1 1

Merchant 17 

(28.33%)

43 

(71.73%)

0.31 

(0.15, 
0.66)

0.63 

(0.21, 
1.86)

Daily laborer 12 

(27.27%)

32 

(72.73%)

0.30 

(0.13, 
0.68)

0.45 

(0.14, 
1.49)

Farmer 14 

(43.75%)

18 

(56.25%)

0.62 

(0.27, 
1.44)

1.05 

(0.26, 
4.29)

Education

No formal 

education

33 

(38.82%)

52 

(61.18%)

1

Primary (1–8) 26 

(29.89%)

61 

(70.11%)

0.67 

(0.36, 

1.27)

0.60 

(0.25, 

1.40)
Secondary (9–12) 4 

(17.39%)

19 

(82.61%)

0.33 

(0.10, 

1.06)

0.27 

(0.06, 

1.18)
Above secondary 35 

(57.38%)

26 

(42.62%)

2.12 

(1.08, 

4.14)

0.98 

(0.29, 

3.29)

Water treatment

Boiling 10 

(32.26%)

21 

(67.74%)

0.68 

(0.30, 

1.53)

0.66 

(0.24, 

1.82)
Chemicals 79 

(41.15%)

113 

(58.85%)

1 1

Filtration 9 
(27.27%)

24 
(72.73%)

0.54 
(0.24, 

1.22)

0.43 
(0.16, 

1.18)

Duration of HAART

(Continued)

Table 3 Dietary, Hygienic and Parasitological Characteristics of 
Children and Caregivers Involved in This Study at Wolaita Zone 
in South Ethiopia, December 2018

Variables (n=256) Frequency Percent

Dietary counseling for 

caregiver

Yes 252 98.4

No 4 1.6

Receiving nutritional support Yes 143 55.9
No 113 44.1

Number of meals per day ≤ 

three

129 50.4

>three 127 49.6

Skip regular meals Yes 127 49.9

No 129 50.4

Dietary diversity <4 115 44.9

≥4 141 55.1

Intestinal parasitic infection Yes 45 17.6

No 211 82.4
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Study Limitations
Regarding dietary habit, a certain level of recall bias was 
expected; data collectors were aware of the cultural issues 
and collected the data in a manner to reduce recall bias. 
Data on the duration of HAART, baseline CD4+ count, 
WHO stage, drug regimen, taking co-trimoxazole and 
presence of opportunistic infections were taken from the 
patients’ charts. Since the health facilities record each 
patient’s information consistently and accurately, we 
believe that the data are unbiased. We did not differentiate 
the types of anemia the children had.

Conclusion
The magnitude of anemia among children on ART in the 
study area is a moderate public health problem. Anemia 
was significantly associated with caregivers not receiving 
nutritional counseling and intestinal parasitic infections. 
Taking co-trimoxazole prophylaxis was protective against 
anemia. Health education programs in ART clinics should 
be given with due focus on appropriate dietary practice, 
appropriate hand washing practice and other hygienic 
practices to prevent intestinal parasitic infections. Co- 
trimoxazole prophylaxis should be given to all eligible 
children based on the recommendation.
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Table 4 (Continued). 

Variables (n=256) Anemic Non- 
Anemic

COR 
(95% 
CI)

AOR 
(95% 
CI)

<60 months 27 
(31.76%)

58 
(68.24%)

0.66 
(0.38, 

1.13)

0.92 
(0.46, 

1.83)

≥60 months 71 
(41.52%)

100 
(58.48%)

1

Baseline WHO stage

Stage 1 13 

(25.49%)

38 

(74.51%)

0.60 

(0.29, 
1.23)

0.63 

(0.26, 
1.49)

Stage 2 22 

(44.90%)

27 

(55.10%)

1.43 

(0.73, 
2.77)

1.49 

(0.64, 
3.44)

Stage 3 48 

(36.36%)

84 

(63.64%)

1

Stage 4 15 

(62.50%)

9 

(37.50%)

2.92 

(1.19, 

7.17)

2.15 

(0.73, 

6.30)

Opportunistic infections

Yes 14 

(56.00%)

11 

(44.00%)

2.23 

(0.97, 

5.13)

2.47 

(0.88, 

6.97)
No 84 

(36.36%)

147 

(63.64%)

1

Taking co-trimoxazole

Yes 22 
(38.28%)

51 
(69.86%)

0.61 
(0.34, 

1.08)

0.45 
(0.21, 

0.95)*

No 76 
(41.53%)

107 
(58.47%)

1

Nutritional counseling

Yes 95 
(37.70%)

157 
(62.30%)

0.20 
(0.02, 

1.97)

0.09 
(0.01, 

0.98)*

No 3 
(75.00%)

1 
(25.00%)

1

Dietary diversity

<4 39 

(34.21%)

75 

(65.79%)

0.73 

(0.44, 
1.22)

0.64 

(0.35, 
1.15)

≥4 59 

(41.55%)

83 

(58.45%)

1

Intestinal parasite

(Continued)

Table 4 (Continued). 

Variables (n=256) Anemic Non- 
Anemic

COR 
(95% 
CI)

AOR 
(95% 
CI)

Yes 23 
(51.11%)

22 
(48.89%)

1.90 
(0.99, 

3.63)

3.10 
(1.39, 

6.88)*

No 75 
(35.55%)

136 
(64.45%)

1

Note: *Statistically significant at p-value <0.05. 
Abbreviations: ABC, abacavir; AIDS, acquired immunodeficiency syndrome; 
AOR, adjusted odds ratio; ART, antiretroviral therapy; AZT, zidovudine; COR, 
crude odds ratio; ETB, Ethiopian birr; HIV, human immunodeficiency virus; NGO, 
non-government organization; OI, opportunistic infections; ROC, receiver operat
ing characteristics; TDF, tenofovir disoproxil fumarate; WHO, World Health 
Organization.
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