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Abstract
Introduction: Over the past years, efforts have been made to expand access to antiretroviral combinations (cART) in low-income countries. However, major concerns
are noted with drug resistance emergence, as treatment failure result and need to introduce a second line treatment, more expensive and difficult to implement. The objective was to study the incidence of switch to second line, reasons for switch and risk
factors using a cohort of people living with HIV in an Ambulatory Treatment Center
in Dakar. Methodology: This was a cohort study of people living with HIV under
cART from January 2004 to December 2013. Naive patients monitored for at least six
months, regardless of their profile and regimen with baseline CD4 counts < 350
cells/mm3 were included in this study. Results: The median age of the 827 patients
included was 44 [IQR = 18 - 78]. The switch to second-line treatment was observed
in 72 patients (8.7%) after an average of 38.5 months of follow-up. The overall incidence rate of switch to second line of antiretroviral treatment was 1.59 per 100 persons-years. Most of changes in first-line treatment were motivated by virological
failures (n = 60, 83.3%) under treatment with AZT/3TC/NVP (n = 25, 34.7%) or
AZT/3TC/EFV21 (29.2%). 9.7% of switch occurred after immunological failure, 1.4%
after clinical failure, 4.2% after severe toxicity and 1.4% was not documented. Predictive factors identifying failures at the end of the multivariate analysis were age < 44
years and CD4 counts below 100 cells/mm3. Conclusions: In total, CTA identified a
low incidence rate of treatment failure of the first line of treatment. Associated risk
factors were age < 44 years, CD4 counts below 100 cells/mm3 and high viral load at
treatment initiation.
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1. Introduction
The majority of people infected with HIV live in Sub-Saharan Africa [1]. In these
countries, AIDS-related morbidity and mortality remain the highest in the world due to
limited access to diagnosis and treatment of HIV [1]. In recent years, efforts have been
made to expand access to antiretroviral combinations (cART) in several low-income
countries. In 2012, 9.7 million people have been under ART therapy in low- and middle-income countries [2]. This represents 61% of those eligible according to the 2010
guidelines of the World Health Organization (WHO) on HIV. In June 2015, only 15.8
million people had access to treatment while over 22 million people were supposed to
benefit from antiretroviral therapy [3].
Since 2010, an increase of 84% in access to antiretroviral therapy was noted [2].
Short-term observations on the effectiveness of antiretroviral therapy in resource-limited countries show encouraging results [4] [5]. However, major concerns such as the
durability of therapeutic response, long-term effect on mortality risk among patients
loss to follow-up and the emergence of resistant viral strains ARVs are yet to be addressed. On more or less longer terms, this announces the introduction of a second-line
treatment more expensive and difficult to implement [6] [7]. Due to limited access to
plasma viral load, a higher number of patients likely to undergo treatment failure have
not changed their first-line treatment [8] [9].
This study was therefore conducted to determine the incidence and factors associated
with the switch to the second line of antiretroviral combinations at the Ambulatory
Treatment Center (CTA) in Dakar.

2. Method
We conducted a cohort study among the people living with HIV (PLHIV) under ARV
therapy was conducted from January 2004 to December 2013 at the Ambulatory
Treatment Center.
Naive patients of any antiretroviral treatment, followed-up for at least six months
were included in this study.
Patients with CD4 cell counts ≥ 350 cells/mm3 at inclusion, those having benefited
from the PMTCT as well as the non-naive of ARV treatment were not included in our
study. As part of this study, data were collected based on various factors such as: sociodemographic (age, sex, marital status), clinical (Body Mass Index (BMI), calculated as
weight in kilograms divided by the square of the height in meters, the HIV profile, the
WHO clinical stage), para clinical (CD4 count, viral load), therapeutic (date of inclusion to treatment, type of first-line treatment , first line treatment change date) and
evolution (follow up period, loss of follow up, death, transfer and treatment failure).
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These data were collected from different sources (medical records, social files, database,
etc.).
The main interest was the switch to second line, further to treatment failure, which is
defined as a virological, or immunological or clinical failure related to severe toxicity or
other. The virological failure was defined as HIV RNA levels > 1000 copies/ml after at
least 6 months of a well-monitored treatment. Immunological failure was defined as a
CD4 count < 100 cells/mm³ to all measures available within the specified time range or
drop below pretreatment values, or drop in CD4 count less than 50 % of the value of
the peak obtained under treatment.
Clinical failure was defined as the presence of persistent or new clinical event belonging to stage 4 of the WHO classification 6 months after the start treatment.
All data were analyzed using Stata version 12. The first step was the description of
the study population: its main characteristics (demographic, clinical, paraclinical) for
entry into the cohort were grouped in Table 1.
For each continuous variable, the following aspects were specified: median, standard
deviation, quantiles including inter quartile range (IQR). The comparison of proportions was performed using the Chi-square test or the Fisher exact test if necessary. The
averages were compared using Student T test and ANOVA. Then, the cumulative incidence of the switch to 2nd line was evaluated using Kaplan Meier curves. The survival
time is the period between the ARV treatment of first line and the date of occurrence of
treatment failure. For individuals who were not submitted to the second line, the data
were censored at the date of latest news (for the loss follow-up, transferred and deceased) or at the date point of 30 June 2014 for PLHIV who were followed-up on a regular basis from that date. For the multivariate analysis, we only considered the variables
which had a P-value less than 0.05 in univariate analysis. Cox regression was used to
identify factors associated with the treatment failure.

3. Ethical Aspect
An anonymous database was compiled from medical and social records of patients at
CTA. No information revealing the identity of the patients was included in this study.
The database remains a CTA property. The study received prior approval by the head
of the Clinic of Infectious Diseases.

4. Results
4.1. Descriptive Study
4.1.1. Demographics
A total of 827 patients were included in this study. The Median age of patients was 44
years with [IQR = 37 - 51]. We note a predominance of women 528 (63.8%), patients in
union (427) were more representative with a proportion of 53.0% (married monogamous, polygamous and concubines combined) (see Table 1).
4.1.2. Clinical Characteristics
At inclusion, most of patients were at stage 3 (36.1%) or stage 2 (32.2%). Knowing that
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Table 1. Baseline characteristics of the population study.
Characteristics

Value

Percentage

Median age at start (n = 826)
Median age

44 [37 - 51]

-

Sex (n = 827)
Male

299

36.2

Female

528

63.8

Marital status (n = 805)
Single

140

17.4

in couple

427

53.0

widow or divorced

238

29.6

HIV Profile (n = 827)
HIV 1

777

94

HIV 2

37

4.5

HIV 1 & 2

13

1.6

CD4 pre-inclusion (n = 827)
Median CD4

153 [65 - 236]

-

200 ≤ CD4 < 349

273

36.5

100 ≤ CD4 < 200

214

28.6

100 < CD4

260

34.8

WHO Stage at start (n = 826)
1

125

15.1

2

266

32.2

3

298

36.1

4

137

16.6

BMI Categories at start (n = 773)
<18.5 kg/m2

204

26.4

18.5 ≤ IMC < 25

444

57.4

≥25 kg/m2

125

16.2

Type of Protocols (n = 827)
2INTI + 1INNTI

776

93.7

2INTI + 1IP

50

6

3INTI

1

0.1

a patient is considered in a state of malnutrition if BMI < 18.5 kg/m2, normal if 18.5
kg/m2 ≤ BMI < 25 kg/m2, overweight if 25 kg/m2 < BMI < 30 kg/m2 and obese if BMI ≥
30 kg/m2. At inclusion, 26.4% of patients were malnourished (see Table 1).
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4.1.3. Biological Characteristics
Patients infected with HIV-1 are the majority and represent 94.0% (n = 777). Of all the
747 patients in the study, the average CD4 count was 153 cells/mm3 with an interquartile range [65 - 236]. The majority of patients had at baseline CD4 counts between 200
and 350 cells/mm3 (see Table 1).
4.1.4. Therapeutic Characteristics
Between 2004 and 2006, 282 (34.1%) patients were put under ART; from 2007 to 2009,
324 (39.2%) and from 2010 to 2013, 221 (26.8%). Of the 827 patients, 776 (93.8%) had
2NRTI + 1INNTI as protocol; 50 (6%) were under 2NRTI + 1IP and one (0.1%) was
under 3INTI (see Table 1).
4.1.5. Characteristics of Failure
Of the 827 patients, 72 (8.7%) were switched to second-line treatment after an average
of 38.5 months follow-up (IQR = 26.5 to 56.5). The overall incidence rate of the switch
to second line antiretroviral treatment was 1.59 per 100 persons-years.
Most first-line treatment changes were motivated by virological failures 60 (83.3%)
mainly in treatment based on AZT/3TC/NVP25 (34.7%), AZT/3TC/EFV21 (29.2%).
On the contrary, 9.7% of immunological failures and 1.4% of clinical failures were observed. Other than treatment modifications for immunological, virological and clinical
failures, 4.2% of the changes were due to severe drug toxicity. The remaining changes
(1.4%) were not documented
4.1.6. Progressive Characteristics
Of the 827 patients, 54 (6.5%) were lost after an average follow-up of 20.5 months (IQR
= 12 to 34.5). During the study period, 4.0% of patients were transferred. The 24 cases
of death (2.9%) occurred after an average follow up period of 23.5 months (IQR = 12 55).

4.2. Analytical Study
Factors Associated with Failure under Treatment
-Univariate analysis:
We found no significant association between switching to second line ARV treatment and sex, marital status, HIV profile, WHO clinical stage, body mass index (BMI)
and the period of inclusion. Only age, CD4 count and viral load at the start of treatment
were significantly associated with the switch to the second line (see Table 2).
The probability to remain under first line is higher in elderly patients of at least 44
years, p = 0.03. Patients with a CD4 count between 1 and 99 cells/mm3 at inclusion have
experienced more failure compared to those having a CD4 cell count between 100 - 199
cells/mm3 and 200 to 349 cells/mm3; with p = 0.02 (Figure 1 and Figure 2).
-Multivariate analysis:
The final cox model retained, the most accurate, includes the independent variables
(age, CD4 Baseline, viral load > 100,000 copies/ml) that were significantly associated
with the shift into second line ARV treatment. Patients aged 44 years or older at the
1570
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Figure 1. Curves of probability to stay on the first line according to age over time. CAT_AGE 1
shows patients under 44 years.
Table 2. Factors associated with failure under treatment.
Characteristics

Univariate Analysis
HR [IC95%] P-value

Multivariate Analysis
HR [IC95%] P-value

Age (in year)
<44 years
>44 years

1
0.60 [0.37 - 0.96]

0.033

1
0.56 [0.34 - 0.91]

Sex
Female
Male

1
1.34 [0.84 - 2.14]

0.215

-

Marital Status
Single
in couple
widow or divorced

1
1.10 [0.59 - 2.04]
0.66 [0.32 - 1.38]

0.764
0.276

-

HIV Profile
VIH-1
VIH-2, VIH-1 + 2

1
0.62 [0.19 - 1.99]

0.423

-

WHO Stage at start
1 or 2
3 or 4

1
1.31 [0.82 - 2.10]

0.249

-

IMC Categories
<18.5 kg/m2
18.5 ≤ IMC < 25
≥25 kg/m2

1
1.03 [0.60 - 1.74]
0.46 [0.18 - 1.15]

0.912
0.099

1
1.06 [0.61 - 1..85]
0.50 [0.18 - 1.36]

0.810
0.178

CD4 pre-inclusion
200 ≤ CD4 < 349
100 ≤ CD4 < 200
<100 cells/mm 3

1
1.23 [0.63 - 2.42]
2.08 [1.16 - 3.71]

0.533
0.013

1
1.10 [0.56 - 2.18]
1.85 [1.10 - 3.39]

0.768
0.044

Viral load
≤100,000
>100,000

1
0.27 [0.08 - 0.9]

0.04

1
0.22 [0.06 - 0.79]

0.02

Inclusion period
2004-2006
2007-2009
2010-2013

1
1.58 [0.93 - 2.68]
0.88 [0.36 - 2.12]

0.08
0.78

0.0216

-
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Figure 2. Probability curves to remain on the first lines according to the CD4 count over time.

time of ARV treatment, have a lower risk in second-line passage of less than 44% compared with patients who were younger than 44 years (p = 0.02). Similarly, patients who
were very immunodepressed before inclusion to treatment (with a CD4 count < 100
cells/mm3) were 1.85 times more at risk switched to second line than patients who had
moderate immunodepression (CD4 between 200 and 350), p = 0.04 (see Table 2).

5. Discussion
The success of antiretroviral treatment programs in low-income countries is usually
associated with free treatment and access to programs [10] [11], cotrimoxazole prophylaxis [10] [11] [12], and active ownership and policy implementation [13] [14]. The
use of CD4 count and viral load to monitor the effectiveness of ART reduces the morbidity and the mortality in a context of limited resources [15] and allows making a decision in changing the treatment from the first to second line. In this study, we report
an overall incidence rate of the switch to a second line antiretroviral treatment of 1.59
per 100 persons-year on a site dedicated to ambulatory care of persons living with HIV
and AIDS in Dakar as well as factors associated with this change. As shown in a study,
the incidence rate was 4.9 per 100 persons-year during the first 6 months of treatment.
[16]. The CD4 cell count at ART initiation and specifically a CD4 count below 100
cells/mm3 was independently associated with a risk of line change. Our results confirm
those seen in other studies in sub-Saharan Africa (Mozambique, Malawi, Guinea-Conakry) [16], and in South Africa in a large cohort of 19,645 patients [17].
The clinical stage was not a determining factor associated with the risk as reported by
1572
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Leonardo, P et al. that 37.1% of the cohort were classified as being in stage 3 or 4 [16].
It is then important to note that the patients, most of the time, come at a late stage of
the disease in a symptomatic condition. In HIV people under ART, the decision on
when to switch to second-line treatment is directly related to the different types of therapeutic failure. In our study, we also report that 83.3% of the failures were virological
and 9.7% immunological. These results are comparable to the data of Fox et al. [17] but
another study found a prevalence of immunological failure of 68.2% [16]. Overall, these
results show that the diagnosis of failure is all the more early as 83.3% are virological.
The shift from the first to the second line must be done as soon as possible, i.e. as soon
as virological failure is diagnosed; otherwise, the vital prognosis of patients is at stake.
The highest failure probability in patients under 44 years (p = 0.03), confirms the
previous report of Henry DM et al made in Cameroon (18 - 29, p = 0.024), which may
be attributed to the non-observance to treatment [18]. Patients aged 44 years or older at
the time of ARV, have a lower risk when switched to second line less than 44% compared to patients who were under 44 years (p = 0.02). Similarly, patients who were very
immunodepressed before inclusion to treatment (with a CD4 count < 100 cells/mm3)
were 1.85 times more likely to switch to second line compared to patients who had
moderate immunodepression (CD4 between 200 and 350), p = 0.04. Similar results
were reported by Suely H [19] in Brazil, the failure was associated with younger age
(average 34 vs. 37 years, p = 0.003) and CD4 lower at inclusion (86 vs 182, p = 0.006).

6. Conclusion
The study revealed a low incidence of treatment failure of the first lines of treatment
(1.59 per 100 persons a year). Associated risk factors were age < 44 years, CD4 counts
below 100 cells/mm3 and high viral load at treatment initiation. This shows that ART
programs based on the public health approach using similar patterns in resource-limited countries are as effective as those seen in clinical cohorts in developed countries.
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