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Cluster of differentiation 4 (CD,) cell count recovery is used in determining disease progression and
outcome monitoring. This study was conducted to determine the trends of CD,cell count recovery, and
its determinants in Hawassa university referral hospital, Ethiopia. Retrospective cohort study design
was employed to gather relevant data among human immunodeficiency virus (HIV) positive-patients
visiting Hawassa University referral hospital. Data were collected from December 1, 2014 to May 15,
2015. A total of 2400 medical records of adult patients aged above 15 years were examined. Of these,
1479 were evaluated and analyzed. Multivariate logistic regression was constructed to determine
predictors of change in CD cell count. The median change in CD,4 cell count from baseline to six months
was 124 cells/ul. 19.3% of patients were at risk of immunologic non-response at 12 months of treatment.
Patients with a baseline CD, cell count of less than 100 cells/ml were 5 times more likely to exhibit
immunologic non-response compared to those with a baseline CD, cell count > 350 cells/ul. Baseline
body mass index (BMI) and sex were associated with failure to attain 2200 cells/pl at 12 months of
treatment. Rapid recovery of CD, cell count occurred during the first six months of treatment in this
study. However, significant proportions of patients were at risk of immunologic non-response. Low
baseline CD, cell counts were predictive of non-response in this setting. The findings suggest that
initiation of antiretroviral therapy (ART) at a CD, cell count greater than 500 cells/pl is associated with
better immune recovery.
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INTRODUCTION

Antiretroviral therapy (ART) began in Ethiopia in 2003, immunodeficiency virus (HIV), of whom 542600 require
and was made freely available in 2005. An estimated ART and 367 000 are currently taking the treatment
769,500 Ethiopians are currently living with human (FDRE, 2014).



Recognizing the need for ART, the government of
Ethiopia issued the first ART guidelines in 2003.
Revisions were issued in 2005, 2008 and 2014 to
facilitate a rapid scale-up of the service (FDRE, 2014;
FMOE, 2008; MoH, 2005). These guidelines
recommended measurement of CD4 cell count every six
months as a major tool for monitoring treatment outcome.

In a resource limited setting like Ethiopia, where viral
load determination is expensive, CD, cell count will
remain an important tool for monitoring response (FDRE,
2014). ART is celebrated for its reduction of mortality.
The mortality rate was 15.4 per 100 person-years of
observation (PYO) in the highly active antiretroviral
therapy (HAART) group, and in the pre-HAART group it
was 58.1 per 100 PYO in an early study conducted in
Ethiopia (Jerene et al., 2006b). However, mortality is
higher in Ethiopian cohorts than in patients in developed
world (Jerene et al.,, 2006b; Jerene et al.,, 2006a;
Johansson et al., 2008). Higher mortality is partly
attributed to delay in the initiation of treatment, at a time
when the disease has progressed to a state of severe
immune depletion (Jerene et al., 2006b; Berhe et al.,
2012).

Studies examining the association between baseline
CD; cell count and immune recovery following ART report
conflicting results. It has been reported that higher
baseline CD, count is associated with reduced early
mortality (Stephen et al., 2008), and counts of less than
50cells/yl is associated with high mortality in both
experienced and naive patients on HARRT (Zachariah et
al., 2006; Evan et al., 2003).

Some studies have revealed that a significant
percentage of HIV-infected patients who initiate therapy
with a low baseline CD, cell count do not achieve a
normal CD, cell count, even after a decade of effective
treatment (Lange et al., 2002; Garcia et al., 2004;
Lederman et al., 2003; Kaufmann et al., 2002). Other
studies indicate patients with low baseline CD, cell count
achieve better CD, cell recovery compared to those with
high baseline CD, level (Lawn et al., 2006). In another
study, researchers report no association between
baseline CD, cell count or viral load, and immunologic or
virologic response after commencement of ART (Kilaru et
al., 2006).

The survival rates of human immunodeficiency virus
infection and acquired immune deficiency syndrome
(HIV/AIDS) patients in Ethiopia can be improved given
the factors responsible for death in Ethiopian cohort of
patients initiating ART are well explored. One possible
explanation for high mortality in Ethiopia is that treatment
in Ethiopia begins after sever immunosuppression. There
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are, however, conflicting results in the literature about
advantage of early initiation before sever immune
damage. Given that, factors affecting CD, cell count
recovery after ART is unclear in Ethiopia setting, this
paper explores such factors. Furthermore, there are few
large-scale studies examining immunological correlates,
with long-term follow-up, of Ethiopian patients.

We present the overview of the trends of CD, cell count
recovery and its determinants in an Ethiopian patient
population using routinely available clinical data.

METHODOLOGY
Study area

The study was conducted in Hawassa University Referral Hospital,
a major referral hospital serving over 15 million people in a region
located 270 kilometers south west of Addis Ababa, Ethiopia. The
hospital  provides general service including HIV/AIDS
comprehensive care and treatment.

Study design

We used a retrospective cohort study design to gather relevant data
from the records of HIV positive-patients who visited the hospital
between 2005 and 2014.

Study period

Data was collected from December 1, 2014 to May 15, 2015.

Inclusion and exclusion criteria

Patients older than fifteen years old during the initiation of the
treatment and initiated treatment at Hawassa University hospital,
and whose patient record included the information necessary for
the current study were included. Patients with competing causes of
death (cause of death other than HIV, those with immune
compromising chronic diseases such as diabetes, thyroid disease,
or any non-AIDS malignancies) were excluded.

Sample size

A total of 2400 medical records met the age requirement from a
total 2,950 medical records. About 550 medical records of pediatric
(ages less than 15) were excluded. Data collected from 921
medical records were excluded because they have missing
baseline and six month CD4 cell count. Therefore, 1479 medical
records included sufficient information for inclusion in the current
study, were evaluated and analyzed. Secondary data were
extracted from the ART register database, and unique identities
were assigned to these records.
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Data collection tool

We used a data collection tool that was previously described, and
that was developed using the federal ministry of health HIV
care/ART entry and follow-up forms used in the ART clinic of the
Hospital (Naftalin et al., 2015; Mutimura et al., 2015; Luz et al.,
2014; Kanters et al., 2014; Calmy et al., 2012; Boulassel et al.,
2012; Wright et al., 2011; Waters et al., 2011; Okulicz et al., 2010;
McKinnon et al., 2010; Lok et al., 2010). Data sources included the
pre-ART registration, lab requests, monthly cohort and follow up
forms, the ART intake form, the patients’ card, and the death
certificate. We additionally examined the home visitors’ registration,
and records of phone calls made by drug adherence professionals,
or that revealed death of a patient following inquiries about missed
appointment. Where baseline CD4 levels were not measured we
relied on tests performed within one month before ART was
initiated.

Study variables

The data extraction form includes the following variables: socio-
demographic characteristics (age, sex, height, religion, marital
status, educational status), baseline laboratory values (CD4 cell
count), world health organization (WHO) clinical staging, duration
on ART, and regimen type)

Data quality assurance

Data was collected by counselor nurses trained in comprehensive
ART, working in an ART clinic. Data quality was assured with the
help of the data collection tool through routine cross-checking of
data on a daily basis. Data collection forms were examined for
completeness and consistency during data management, storage,
and analysis by investigators. A pilot study was conducted in order
to test consistency of the tool, and to ensure data quality. The tool
was revised using feedback from the pilot study. Data encoded and
edited by the principal investigator was checked by co-
investigators.

Operational definitions

Change in CD,4 cell count

A general term used to quantify immunologic recovery. In this paper
it is measured as: baseline-to-six-month median change in CD4 cell
count, the median six-month-to-12-month change, immunologic
non-response, and failure to attain 200 cells/pl
Baseline-to-six-month median change in CD4 cell count

The difference between the median of six months measurement
and baseline measurement was recoreded.

The median six-month-to-12-month change

The difference between the median of 12th month measurement
and 6th month measurement was recorded

Immunologic non-response

An increase of <50 cells/ul, following 12 months of treatment and

was calculated using data from records that included a CD* cell
count at baseline, and at 12 months of treatment (n=1140).

Failure to attain 2200 cells/ul following 12 months of treatment

This response measure used to quantify non-response in
subsample of those who had baseline CD4 cell count of < 200
cells/ul was calculated using data from records that included a CD4
cell count at baseline, and at 12 months of treatment (n=681)

Baseline CD4 cell count

The CD4 cell count was measured just during the initiation of
treatment in treatment of naive-patients.

Ethical statement

Ethical clearance was obtained from Hawassa University Medicine
and Health Science College Institutional Review Board. Written
consent could not be obtained for this retrospective study so the
investigators were authorized by the institutional review board (IRB)
to use the data after de-identification prior to collection.

Statistical analysis

Data were entered and analyzed using statistical package for social
sciences (SPSS) for Windows, version 20. Patient cohort
characteristics were described in terms of mean/median value for
continuous data and percentage for categorical data. Multivariate
logistic regression was constructed to determine predictors of
change in CD cell count, factors determining non-response, and
failure to attain a CD,4 count of 200 cells/plfollowingl2 months of
treatment. All statistical tests were considered significant if the two-
sided P-value was<0.05.

RESULTS
Socio-demographic profile of the study participants

Routinely collected data from a total of 1479 medical
records of HIV-infected patients on HAART were
reviewed and analyzed. At baseline, 90% of the cohort
where under the age of 45 years with a mean (SE) age of
33.3(0.23). 62.4% were female, 54.4% were married and
9.5% were pregnant. 37.1% had attained secondary-level
education and 14.4% were illiterate. Complete socio-
demographic profiles of the study population are listed in
Table 1.

Clinical profiles of the patients

More than one-third of the patients (38.7%) initiated
treatment with a TDF+3TC+EFV regimen. At baseline,
more than half of the study participants (53.7%) were in
clinical stage Ill. 694 (46.9%) patients had a normal BMI
at baseline and 258 (17.4%) were underweight. Clinical
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Table 1. Socio-demographic characteristics of the HIV positive-patients (n=1479).

Variable Female Overall Frequency Valid frequency
Sex Female 923 (62.4) 62.3
Male 556 (37.6) 37.7
25 166 (11.2) 11.3
25-45 1169 (79.0) 79.9
Age
245 128 (8.7) 8.7
Missing 16 (1.1)
llliterate 210 (14.2) 14.4
Primary 504 (34.1) 34.7
Education status Secondary 549 (37.1) 37.8
Tertiary 191 (12.9) 131
Missing data 25(1.7)
Never married 212 (14.3) 14.5
Married 805 (54.4) 54.9
. Separated 140 (9.5) 9.5
Marital status Divorced 115 (7.8) 7.8
Widowed 194 (13.1) 13.2
Missing data 13 (0.9)
Pregnant 140 (9.5) 9.9
o Non-pregnant 722 (48.8) 50.8
Pregnancy status at initiation Not applicable (male) 558 (37.7) 39.3
Missing 59 (4.0) -

profiles of the full patient population are listed in Table 2.

Pattern of CD, change

Of the total 1479 patient records, 1460 (98.71%) included
measures of CD4 cell count at baseline. The median and
mean CD, cell count at baseline was 161 and 172
cells/ul, respectively. At six months of treatment
measures reached 285 and 311 cells/pl, respectively.
The baseline-to-six-month median change in CD, cell
count was 124, and the median six-month-to-12-month
change was 24 cells/yl. The mean increase in CD4 cell
count from baseline to six months was 138, and from six
months to 12 months was 20 cells/ul. We observed that
most CD, cell recovery occurs during the first six months
(Figurel). Pattern of six monthly changes in CD, cell
count at and after the commencement of ART are shown
in Figure 1. The overall median CD, cell count increased
continuously for 6.5 years. The CD, cell count declines at
78 months (Figure 2).
About 19.3% of
immunological

exhibited
Association

study participants
non-response (Table 3).

between various variables (sex, age, baseline CD, count,
WHO stage, BMI and baseline regimen type) and non-
response were tested. Baseline CD, cell count was
significantly associated with immunologic non-response
after 12 months of treatment: patients with low CD, cell
count have greater odds of non-response rate than those
with high baseline CD, cell count. Those with a baseline
CD, cell count of less than 100 cells/ul had a greater
chance of non-response (crude odds ratio (COR) = 6.27,
95% CI: 2.98- 13.16) compared to those with a CD, cell
count greater than 351 (Table 3).

Multivariate logistic regression analysis revealed that
baseline CD,4 cell count is an independent predictor of
subsequent CD, cell count recovery. Patients with
baseline CD, cell <100 cells/ul were five times more likely
to exhibit immunologic non-response compared to those
with a baseline CD, cell count>351 cells/ul (adjusted odds
ratio (AOR) =5.17, 95% CI: 2.17-12.32) (Table 3).

We further examined those that failed to reach a CD,
cell count of >200 cells/ yl at 12 months of treatment in
subsample of those who had baseline CD, cell count of <
200 cells/ul. Sex, BMI and baseline regimen type were
associated with failure to reach 200 cells/pl at 12 month
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Table 2. Baseline clinical characteristic of the HIV positive-patient.

Baseline variable Female Overall Frequency Valid frequency
TDF+3TC+EFV 573 (38.7) 38.7
TDF+3TC+NVP 103 (7.0) 7.0
Regimen type AZT+3TC+EFV 194 (13.1) 13.1
AZT+3TC+NVP 182 (12.3) 12.3
DAT+3TC+EFV 195 (13.2) 13.2
DAT+3TC+NVP 232 (15.7) 15.7
| 172 (11.6) 11.7
Il 317 (21.4) 21.7
WHO stage 1] 788 (53.3) 53.7
\Y 191 (12.9) 12.9
Missing 11 (0.7) -
Ambulatory 365 (24.7) 25.2
Patient status during initiation Bedridden 90 (6.1) 6.2
Working 994 (67.2) 68.6
Missing 30 (2.0) -
Underweight (£ 17) 258 (17.4) 24.3
Normal (18-25) 694 (46.9) 65.3
BMI category Overweight (26-30) 94 (6.4) 8.9
Obese = 31 16 (1.1) 15
Missing 417 (28.2) -
<100 426 (28.8) 29.2
101-250 726 (49.1) 49.7
Baseline CD4 category (cells/pl) 251-350 225 (15.2) 154
>351 83 (5.6) 5.7
Missing data 19 (1.3) -
<50 220 (14.9) 19.3
CD4 cell count change at 12 months (%) =250 920 (62.2) 80.7
Missing 339 (22.9) -
CD4 cell count at 12 months (for baseline CD count less than 200 Still <200 53 7.8
cells/pl) >200 628 92.2
of treatment (Table 3). Association with baseline BMI and DISCUSSION

sex was revealed through multivariate logistic regression.
Those of a normal weight (BMI =18-25) were nearly three
times as likely to fail to reach a CD, cell count of 200
cells/ul by 12 months of treatment (AOR=2.82, 95% CI:
1.27-6.25), as compared to those with a BMI of <17
(underweight). Females were more than three times more
likely to fail to attain 200 cells/ul by 12 months of
treatment compared to males (AOR= 3.42, 95% CI: 1.53-
7.59).

The study analysis reveals that CD, cell count recovery is
a feasible tool for monitoring ART outcome in a resource
limited setting like Ethiopia. In this study, CD, cell count
recovers rapidly during the first six months of treatment,
as evidenced by the six monthly median and mean
changes. There was little subsequent change in median
CD, cell count indicating that immune recovery was
optimally achieved in the earlier phases of treatment. The
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Figure 1. Graph showing absolute frequency distribution of CD4 cell count (A) at baseline (n=1460) and (B) after 6 months

of treatment (n=1316).

study observations corroborate similar studies that
revealed that the most rapid and significant recovery of
CD, cell count occurs during the first six months of
treatment (Boulassel et al., 2012; Wright et al., 2011;
Asfaw et al., 2015; Bennett et al., 2002).

A prospective study of South African patients revealed
recovery is most rapid during the first 16 weeks months

of treatment (Lawn et al., 2006). Thus, response in the
early weeks and months of treatment is a robust predictor
of ART treatment success, and adherence during early
treatment is crucial for immunological recovery.

We observed steady and persistent CD, cell count
recovery in those with baseline CD, cell counts of<200
cells/ul and 201 to 350 cells/ul (Figure 2). However,
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Table 3. Predictors of CD, cell count response during ART. Responses are defined as (A) risk of immunological non-response (an

increase of <50 cells/pl) or (B) failure to attain an absolute CD4 cell count of = 200 cells/ul following 12 months of treatment.

(A) Non response at one year ( an increase of

(B) Failure to attain 2200 cells/pl at 12

Variable <50 cells/pl) at 12 month of treatment months of treatment (n=1140)
COR(95%ClI) AOR (95%ClI) COR(95%ClI) AOR (95%ClI)

sex Male 1 0.88(0.61-1.28) 1.00 1.00
Female 1.14 (0.84-1.54) 1 3.68 (1.95-6.94) 3.42 (1.53-7.59)
Less than 25 1 1.68 (0.78-3.63) 1.00 1.00

?agtf:'gory 25-45 1.77 (0.95-3.30) 1.45 (0.85-2.50) 0.68 (0.20-2.32) 0.89 (0.23-3.53)
>45 1.77 (1.12-2.80) 1 0.28 (0.07-1.11) 1.21 (0.23-6.40)
<100 6.27 (2.98-13.160 5.17 (2.17-12.32) - -

CDB 101-250 4.10 (2.03-8.27) 2.91 (1.29-6.53) - -

category  251-350 3.41 (1.60-7.30) 2.80 (1.16-6.75) - -
Greater than 351 1 1.00
Stage | 1 1.04 (0.46-2.350 1.00 1.00

WHO Stage I 1.09 (0.63-1.90) 1.01 (0.52-1.96) 2.08 (0.46-9.39) 3.49 (0.47-25.98)

stage Stage Il 0.96 (0.58-1.570 0.79 (0.44-1.41) 1.25 (0.35-4.41) 2.96 (0.49-17.80)
Stage IV 1.34 (0.69-2.60) 1.00 0.65 (0.17-2.55) 1.5 (0.21-10.43)
Underweight 1 1.00 (0.30-4.24) 1.00 1.00

BMI Normal 1.01 (0.68-1.51) 1.10 (0.27-4.48) 2.19 (1.10-4.34) 2.82 (1.27-6.25)

category  Overweight 1.05 (0.53-2.01) 1.38 (0.30-6.32) 3.41 (0.43-27.67) 6.88 (0.74-63.97)
Obese 0.87 (0.23-3.32) 1.00
TDF+3TC+EFV 1 1.00 (0.60-1.70) 1.00 1.00
TDF+3TC+NVP 1.10(0.61-1.96) 1.45 (0.67-3.12) 1.32 (0.27-6.49) 0.32 (0.05-2.14)

Regimen AZT+3TC+EFV 0.71(0.45-1.00) 0.79 (0.42-1.47) 0.81 (0.33-2.00) 0.43 (0.13-1.43)

type AZT+3TC+NVP 1.54(0.91-2.60) 1.81 (0.88-3.70) 0.74 (0.31-1.77) 0.22 (0.06-0.77)
D4T+3TC+EFV 1.37(0.84-2.20) 0.38 (0.69-2.63) 2.05 (0.79-5.34) 1.09 (0.28-4.17)
DA4T+3TC+NVP 0.93(0.92-2.95) 1.00 3.72 (1.25-11.13) 0.98 (0.26-3.770

recovery in patients with baseline CD, cell=351-500
cells/ul and CD, cell count >500 cells/ul fluctuated (rapid
rise and fall). This fluctuation may be the result of this
study small sample size for patients with baseline CD,
cell count 2351 cells/pl. Similar variation was observed in
all subpopulations of similarly small sample size.

A high proportion of patients exhibited immunologic
non-response (an increase of <50 cells/pl) at 12 months
of treatment (19.3%), a proportion similar to that
observed in a study conducted in Northern Ethiopia
(22.7%) (Asfaw et al., 2015). Multivariate logistic
regression revealed CD, cell count recovery was
associated with baseline CD, cell count. Patients with low
baseline CD, cell count exhibit greater non-response
rates than those with higher baseline CD, cell count. A
similar finding was observed in the EuroSIDA cohort
study, where lower CD, count recovery was associated

with lower rate of recovery (Florence et al., 2003). Some
findings are in contrast to this study observations, in
which lower response was associated with higher
baseline CD, cell count (Lawn et al., 2006; Florence et
al., 2003).

For those with a baseline CD, cell count of less than
200 cells/pl, failure to reach200cells/yl by 12months of
treatment was associated with female gender, normal
BMI (18 to 25) and DAT+3TC+NVP regimen. BMI was
additionally significantly associated using a final multi-
variate model. Patient with normal BMI (18 to 25) were
three times more likely to fail to attain 200 cells/ul by 12
months of treatment than underweight patients. We
observed a positive association between lower BMI and
CD, cell. However, this association is inconsistently
observed as evidenced from a study of a large sample
size (n=8381) consisting of three cohorts. The study
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concluded a BMI of approximately 30kg/m® at ART
initiation was associated with greater CD, cell count
recovery at 12 months compared with higher or lower
BMI values (Koethe et al., 2015). These findings have no
clear explanation yet. The study observed confidence
interval for obese and overweight patients is likely due to
the sample size.

In the study cohort we included all samples. Excluded
populations were medical records of age less than 15
and which did not have baseline CD, cell count.
Pediatrics have different treatment characteristics and
differently treated from general population. Absence of
baseline CD, cell count is unlikely to introduce sig-nificant
bias. As a result, the internal validity of this paper is not
significantly questionable. The findings of this study can
be generalized to adult HIV-infected treatment-naive
patients in public health settings in Ethiopia, or even in
other resource-constrained settings in Sub- Saharan
Africa because of similar health service facility.

However, interpretation of these findings requires
considering the limitations thereof. The limitations arise
from the inherent characteristics of retrospective studies.
We are unable to analyze important variables like
mortality rate and adherence. The absence of these data
might have affected the study estimation. Further

prospective study designs are required to make confident
conclusions.

In conclusion, we observed that recovery of CD, cell
count is most rapid during the first six months of
treatment. However, significant proportions of patients
exhibit immunologic non-response. Patients with the
lowest CD, counts in this setting have diminished
capacity for immune recovery. These findings support the
efficacy of ART in patients with a CD, cell count >500
cells/pl. Future prospective studies are required to
corroborate the study observations regarding the long-
term prospects for immune recovery among patients
treated in ART programmes.
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