
CLINICAL AND EPIDEMIOLOGIC RESEARCH

Predicting the Need for Third-Line Antiretroviral Therapy
by Identifying Patients at High Risk for Failing

Second-Line Antiretroviral Therapy in South Africa

Dorina Onoya, PhD,1 Cornelius Nattey, MSc,1 Eric Budgell, MSc,1 Liudmyla van den Berg, MD,2

Mhairi Maskew, MD, PhD,1 Denise Evans, PhD,1 Kamban Hirasen, MSc,1

Lawrence C. Long, PhD,1 and Matthew P. Fox, DSc1,3,4

Abstract

Although third-line antiretroviral therapy (ART) is available in South Africa’s public sector, its cost is substantially
higher than first and second line. Identifying risk factors for failure on second-line treatment remains crucial to
reduce the need for third-line drugs. We conducted a case–control study including 194 adult patients (‡18 years; 70
cases and 124 controls) who initiated second-line ART in Johannesburg, South Africa. Unconditional logistic
regression was used to assess predictors of virologic failure (defined as 2 consecutive viral load measures ‡1000
copies/mL, ‡3 months after switching to second line). Variables included a social instability index, ART adherence,
self-reported as well as diagnosed adverse drug reactions (ADRs), HIV disclosure, depression, and factors affecting
access to HIV clinics. Overall 60.0% of cases and 54.0% of controls were female. Mean ages of cases and controls
were 41.8 – 9.6 and 43.3 – 8.0, respectively. Virologic failure was predicted by ART adherence <90% [odds ratio
(OR) 4.7; 95% confidence interval (95% CI): 2.1–10.5], younger age (<40 years of age; OR 0.6; 95% CI: 0.3–1.1),
high social instability (OR 3.8; 95% CI: 1.30–11.5), self-reported ADR (OR 1.9; 95% CI: 1.0–3.5), disclosure to
friends/colleagues rather than partner/relatives (OR 3.4; 95% CI: 1.3–9.1), and medium/high depression compared to
low/no depression (OR 4.4; 95% CI: 1.5–13.4). Our results suggest complex socioeconomic factors contributing to
risk of virologic failure, possibly by impacting ART adherence, among patients on second-line therapy in South
Africa. Identifying patients with possible indicators of nonadherence could facilitate targeted interventions to reduce
the risk of second-line treatment failure and mitigate the demand for third-line regimens.
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Introduction

Globally, the scale-up of antiretroviral therapy
(ART) in the mid-2000s has dramatically reduced HIV-

related morbidity and mortality and improved life expec-
tancy.1–3 Despite high ART coverage in sub-Saharan Africa,
recent evidence has shown that between 8% and 23% of
patients will fail first-line ART by 5 years after initiation and
will require transition to more expensive protease inhibitor
(PI) based second-line ART regimens.4–6

Unlike in many resource-limited settings, second-line
ART is readily available in South Africa, although at over

double the cost of first-line ART.7 Hence, the rate of
switching to second-line ART in South Africa is substantially
higher than in other resource-limited settings.8–11 In 19
studies reporting outcomes of second-line ART in resource-
limited settings, the proportion of adult patients who experi-
enced virologic failure varied widely from 8.3% to 41.2% at 24
months.12 In South Africa, 23–35.6% of patients will experi-
ence treatment failure by 12 months on second-line ART.13–15

These proportions may be underestimated due to limited
routine viral load (VL) monitoring in these settings or chal-
lenges with missing VL data.16 If these rates are sustained, the
total number of patients on second-line regimens requiring
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very expensive third-line regimens will increase, stretching
already constrained budgets. At current prices, third-line
treatment costs about $1,300 per patient year in South Africa,
about five times as much as first-line treatment.17

Clinical predictors of virologic failure among patients on
second-line treatment include younger age and lower VL at
the initiation of second-line ART, while shorter duration of
viremia before the switch and higher CD4 count have been
associated with virologic suppression.15 Virologic failure
among patients on second-line ART is not driven by resis-
tance to PIs. Among patients failing second-line ART (RNA
>400 copies/mL) in the Themba Lethu clinical cohort, only
18% were found to have clinically meaningful resistance to
lopinavir and 25% to atazanavir.18 Poor adherence is the most
common behavioral predictor of treatment failure,13 yet the
contextual factors and societal factors that present barriers to
ART adherence are poorly understood, particularly among
treatment-experienced patients on second-line ART.

In addition to clinical indicators of poor ART outcomes,
understanding psychosocial and contextual predictors is
necessary to inform interventions to improve ART adherence
and outcomes, particularly among patients on second-line
ART. The aim of this article is to determine predictors of
virologic failure among HIV-positive patients on second-line
ART in Johannesburg, South Africa, to identify intervention
approaches to mitigate the need for third-line treatment.

Methods

Study design and population

We conducted a case–control study among HIV-positive
adult patients who had been switched to second-line ART at
the Themba Lethu HIV Clinic (TLC) in Johannesburg from
April 2004 to January 2016.19 The Themba Lethu clinic is a
large public sector HIV treatment site with nearly 2400 pa-
tients currently receiving second-line ART.19 The clinic re-
ceives technical support from Right to Care through the
President’s Emergency Plan for AIDS Relief program.
Themba Lethu follows South Africa’s National HIV Treat-
ment Guidelines that recommend the use of triple therapy,
including a non-nucleoside reverse transcriptase inhibitor
(NNRTI) and two NRTIs for first-line therapy. Patients who
fail first-line therapy (2 consecutive VL measures ‡1000
copies/mL, ‡3 months after switching to second-line therapy
and 3 months apart) are switched to a second-line ART
regimen, including two NRTIs and a PI, typically ritonavir-
boosted lopinavir (LPV/r).20

Cases

We defined cases as patients who experienced a first vi-
rologic failure while on second-line ART from December
2013 onward. We defined virologic failure on second-line
ART as having 2 consecutive VL measures above 1000
copies/mL at least 3 months apart and at least 3 months after
switching to second-line therapy.

Controls

Controls were sampled using risk-set sampling from all
subjects meeting the inclusion criteria who were in care on
the date that a case was identified.21 Risk-set sampling
samples controls from all subjects who are still at risk for the

outcome (i.e., are in the risk set) at the time that a case be-
comes a case. We defined controls as patients who had not yet
experienced a virologic failure at the date a case arose. Two
controls who were still in care were enrolled for each case.
We used, as controls, the next two eligible consenting pa-
tients who presented to the clinic after a case was enrolled.
Both cases and controls provided informed consent.

Data collection

Consenting patients were enrolled in the study through
referral from the attending physician and were interviewed
on the day of enrolment using a structured interview. En-
rolled participants consented to being interviewed and for
researchers to access their medical records at the TLC. Study
participants were asked to complete a questionnaire about
events occurring in the month before the date of failure (date
of first failing VL) for cases, and 1 month before the date of
the last VL test for controls. All interviews were conducted in
English.

The questionnaire was designed to collect demographic
data (age, sex, education, and employment), factors affecting
access to the clinic (distance from clinic, work hours, mo-
bility, and transport methods), as well as experiences with
HIV treatment, alcohol use, and HIV status disclosure. Par-
ticipants were asked to indicate the proportion of anti-
retroviral (ARV) doses that they missed in the period of
interest. Patients reporting 10% or more missed doses were
considered to be nonadherent.22,23 Participants were also
asked to indicate whether they had experienced a side effect
while taking ART and if they did, to specify the side effect
that they felt was the most serious (based on their symptoms)
and indicate how well they coped with it. These self-reported
adverse drug reactions (ADRs) were then categorized as
follows: body changes, central nervous system (CNS)-related
conditions (headache, sleeplessness, and dizziness), gastro-
intestinal problems (diarrhea and bloating), muscle/joint
pains, and skin conditions.

Coping with ADR was assessed using a 7-item scale
(Cronbach a: 0.73) developed by Johnson and Neilands.24

Depression was measured using the shortened CES-D scale
(Cronbach a: 0.94).25 A social instability index was devel-
oped based on participants’ living arrangements, their em-
ployment, food insecurity, and sexual partnership status and
their dwelling type.26 A dichotomous variable was generated
based on the above characteristics with one set to represent
the negative responses (e.g., unemployed = 1 and em-
ployed = 0). A score was calculated by summing all the
negative responses of the instability index, and categorized as
low (0, 1), medium (2, 3), and high (4, 5) instability.

Data on clinical characteristics (both clinical conditions
and laboratory tests) on second-line ART were collected from
patients’ medical records and were reported up to 6 months
before the date of second-line failure for cases or the last VL
date for controls. The following diagnosed conditions were
considered to be possible ADRs: lipodystrophy, dermatitis,
muscle/joint pain, neuropathy, gastroenteritis, gynaecomas-
tia, hepatitis, or lactic acidosis. Anemia was defined as any
hemoglobin result <11.5 g/dL for females and <13.0 g/dL for
males. Creatinine clearance was measured in mL/min and
was considered to be low if <88 mL/min among females and
<97 mL/min among males. CD4 count was categorized as
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CD4 < 350, 350–500, and CD4 > 500 cells/lL. Advanced
World Health Organization stage was defined as any stage III
or IV condition, while low body mass index (BMI) was de-
fined as any BMI result <18.5 kg/m2 and normal/high as
‡18.5 kg/m2.

Ethics approval for this study was obtained from the Wits
Human Research Ethics Committee (HREC No. M140915)
and the Boston University Independent Review Board (IRB
No. H-33399).

Statistical analysis

Data analysis was conducted using STATA version 14
(StataCorp, College Station, TX). Continuous variables were
described using medians and interquartile ranges. Catego-
rical variables were described using percentages. Uncondi-
tional logistic regression was used to estimate both odds
ratios (OR) for experiencing a virologic failure on second-
line ART and the associated 95% confidence intervals (95%
CIs). Owing to the relatively small sample size, only crude
models are presented.

Results

Between December 2014 and January 2016, we enrolled
70 cases (consecutive HIV-positive patients who had a vi-

rologic failure on second-line treatment) and 124 controls.
Among both cases and controls, the majority of participants
were female (60.0% for cases and 54.0% for controls).
Overall, 76.8% of participants were between 31 and 50 years,
and over 80% had at least some secondary school level of
education. Most (63.5%) study participants lived at least
11 km from the clinic and (86.1%) accessed the clinic on foot
or by public transport.

Demographic and contextual predictors of virologic
failure

Table 1 shows demographic and contextual characteristics
of study participants. The odds of virologic failure among
patients on second-line ART did not differ by sex or level of
education. Patients aged 40 years or younger were at higher
odds of virologic failure than participants over 41 (OR 0.6;
95% CI: 0.3–1.1). Compared to the unemployed, participants
who worked part-time or all day were less likely to experi-
ence virologic failure (OR 0.6; 95% CI: 0.3–1.1). Patients
who were dependent on public transportation or went to the
clinic on foot were also at increased odds of failure (OR 5.4;
95% CI: 1.6–18.5) compared to patients who used a private
car (a likely marker of high socioeconomic status), although
use of private cars was rare overall. Further, there was no

Table 1. Crude Demographic and Contextual Predictors of Missed Doses and Virologic Failure

Among Patients on Second-Line Antiretroviral Therapy in Johannesburg, South Africa

Cases (N = 70)
n (col%)

Control (N = 124)
n (col%)

OR virologic
failure (95% CI)

Sex
Female 42 (60.0) 67 (54.0) 1
Male 28 (40.0) 57 (46.0) 0.8 (0.4–1.4)

Age category, years
£40 31 (44.3) 45 (36.3) 1
41–50 25 (35.7) 61 (49.2) 0.6 (0.3–1.1)
>50 14 (20.0) 18 (14.5) 1.1 (0.5–2.6)

Education level
Unknown 6 (8.6) 17 (13.7) 1
Primary school 3 (4.3) 7 (5.7) 1.3 (0.2–6.6)
High school or higher 61 (87.1) 100 (80.1) 1.7 (0.6–4.5)

Employment and work hours
Unemployed 31 (44.3) 41 (33.1) 1
Employed 39 (55.7) 83 (66.9) 0.6 (0.3–1.1)

Mobility method
By private car 3 (4.3) 24 (19.4) 1
On foot/public transport 67 (95.7) 100 (80.7) 5.4 (1.6–18.5)

How far did you live from the nearest health clinic or hospital?
£10 km 20 (29.9) 44 (36.1) 1
‡11 km 45 (67.2) 75 (61.5) 1.3 (0.7–2.5)
Don’t know 2 (3.0) 3 (2.5) 1.5 (0.2–9.5)

Social instability
Low 18 (26.1) 48 (39.7) 1
Medium 41 (59.4) 66 (54.6) 1.7 (0.8–3.2)
High 10 (14.5) 7 (5.8) 3.8 (1.3–11.5)

Duration on second-line ART, months
‡12 30 (42.9) 38 (30.7) 1
13–24 17 (24.3) 21 (16.9) 1.0 (0.5–2.3)
‡25 23 (32.9) 65 (52.4) 0.4 (0.2–0.9)

95% CI, 95% confidence interval; ART, antiretroviral therapy; OR, odds ratio.

PREDICTORS OF FAILURE ON SECOND-LINE ART 207



association between the distance travelled and the mobility
methods. We also found that the odds of virologic failure
was higher among patients who experienced high social
instability (OR 3.8; 95% CI: 1.3–11.5) than those with low
instability. Moreover, participants who had been on second-
line ART for at least 2 years were 65% less likely to fail
compared to those who were recently switched (<12 months)
(OR 0.4; 95% CI: 0.2–0.9).

Adherence-related predictors of virologic failure

As expected, poor adherence was a strong predictor of
second-line ART failure. Overall 17.0% of participants re-
ported having missed at least 10% of their ARV doses, but
cases were more likely to miss ARV doses than controls (OR
4.7; 95% CI: 2.1–10.5) (Table 2). The majority of patients
relied on a wall chart or alarm clock to remember to take their
drugs (57.2%), and those who remembered to take their
ART doses from memory had lower odds of failure than those
who relied on wall charts or alarm clocks (OR 0.5; 95% CI:
0.2–1.0).

Disclosure, a factor that likely influences adherence, was
common in the study sample, only two participants had not
disclosed their HIV status to anyone. Those who disclosed
only to friends or work colleagues were more likely to ex-
perience virologic failure compared to those who disclosed to
a partner or close relatives (OR 3.4; 95% CI: 1.3–9.1). De-
pression, another factor likely to influence adherence, was

also common and 39.2% of participants reported medium to
high levels of depression. Participants reporting medium to
high depression had considerably higher odds of virologic
failure than those with low or no depression (OR 4.4; 95% CI:
1.5–13.4). Further, compared to patients who did not con-
sume alcohol, those who did had higher odds of virologic
failure (OR 2.0; 95% CI: 1.1–3.8).

Clinical predictors of virologic failure

Table 3 highlights the clinical predictors of virologic
failure on second-line ART. The majority of participants
initiated second-line ART on a regimen of either of the fol-
lowing: zidovudine (AZT), lamivudine (3TC), or LPVr
(45.9%), or a regimen of tenofovir (TDF), 3TC or em-
tricitabine (FTC), and LPVr (33.0%). Only 9.8% (n = 19)
were started on AZT, didanosine (ddI), and LPVr, a regimen
allowed under the 2004 guidelines. However, at the time
of the first failure event (cases) or last VL test (controls),
most participants were receiving either AZT +3TC+LPVr
(58.2%) or TDF +3TC/FTC+LPVr (34.0%). Neither the ini-
tial second-line regimen nor the regimen at the time of the
interview/failure event was predictive of failure. Having a
low BMI (OR 2.0; 95% CI: 0.9–4.4) was an imprecise pre-
dictor of virologic failure.

Only 8.8% of patients had a confirmed diagnosis of an
ADR before the last VL test or failure, yet 45.4% patients
self-reported experiencing an ADR-related symptom.

Table 2. Crude Adherence-Related Predictors of Missed Doses and Virologic Failure in the 30 Days

Before Failure/Last Viral Load Test Among Second-Line Antiretroviral Therapy

Patients in Johannesburg, South Africa

Cases (N = 70)
n (col%)

Control (N = 130)
n (col%)

OR virologic
failure (95% CI)

Missed doses
<10% 48 (68.6) 113 (91.1) 1
‡10% 22 (31.4) 11 (8.9) 4.7 (2.1–10.5)

ARV reminders
Wall chart or electronic alarm 45 (64.3) 66 (52.2) 1
Family or friends 6 (8.6) 16 (12.9) 0.5 (0.2–1.5)
From memory 11 (15.7) 34 (27.4) 0.5 (0.2–1.0)
TV or radio program 8 (11.4) 8 (6.5) 1.5 (0.5–4.2)

Self-reported ADR
No 31 (44.3) 75 (60.5) 1
Yes 39 (55.7) 49 (39.5) 1.9 (1.1–3.5)

Coping with self-reported ADR
No ADR reported 31 (44.3) 74 (59.7) 1
Low/medium coping 28 (40.0) 40 (32.3) 1.7 (0.9–3.2)
High coping 11 (15.7) 10 (8.1) 2.6 (1.0–6.8)

Disclosure
Current partner/close relatives 58 (82.9) 115 (92.7) 1
Friends or colleagues 12 (17.1) 7 (5.7) 3.4 (1.3–9.1)
Not disclosed 0 2 (1.6) —

Depression
None/low 59 (84.3) 119 (96.0) 1
Medium/high 11 (15.7) 65 (4.0) 4.4 (1.5–13.4)

Alcohol use
No alcohol 44 (62.9) 95 (77.2) 1
Any alcohol 26 (37.1) 28 (22.7) 2.0 (1.1–3.8)

95% CI, 95% confidence interval; ADR, adverse drug reaction; ARV, antiretroviral; OR, odds ratio.
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Table 3. Crude Clinical Predictors of Virologic Failure Up To 6 Months Before Switch

to Second-Line Antiretroviral Therapy Among Patients in Johannesburg, South Africa

Variables
Cases (N = 70)

n (col%)
Control (N = 130)

n (col%)
OR virologic

failure (95% CI)

Regimen at switch to second-line ART
AZT+ddI+LPVr 5 (7.1) 14 (11.3) 1
AZT +3TC+LPVr 34 (48.6) 55 (44.4) 1.7 (0.6–5.2)
TDF +3TC/FTC+LPVr 25 (35.7) 39 (31.5) 1.8 (0.5–5.6)
d4T+3TC+LPVr 3 (4.3) 3 (2.4) 2.8 (0.4–18.7)
Other 3 (4.3) 13 (10.5) 0.6 (0.1–3.3)

Regimen at interview or failure
TDF +3TC/FTC+LPVr 24 (34.3) 42 (33.9) 1
AZT +3TC+LPVr 38 (54.3) 75 (60.5) 0.9 (0.5–1.7)
Other 8 (11.4) 7 (5.7) 2.0 (0.6–6.2)

Diagnosed ADR in medical records
No 62 (88.6) 115 (92.7) 1
Yes 8 (11.4) 9 (7.3) 1.6 (0.6–4.5)

Anemia
No 49 (70.0) 96 (77.4) 1
Yes 21 (30.0) 28 (22.6) 1.5 (0.8–2.8)

Creatinine clearance
Normal 45 (64.3) 73 (58.9) 1
Low 25 (35.7) 51 (41.1) 0.8 (0.4–1.5)

CD4 count
£350 cell/lL 34 (48.6) 28 (21.5) 1
350–500 cells/lL 7 (10.0) 4 (3.1) 1.4 (0.4–5.4)
>500 cells/lL 10 (14.3) 11 (8.5) 0.7 (0.3–2.0)
Missing 19 (27.1) 87 (66.9)

WHO stage
I/II 52 (74.3) 97 (78.2) 1
III/IV 18 (25.7) 27 (21.8) 1.2 (0.6–2.5)

BMI
Normal/high (‡18.5 kg) 56 (80.0) 110 (88.7) 1
Low (<18.5 kg) 14 (20.0) 14 (11.3) 2.0 (0.9–4.4)

3TC, lamivudine; 95% CI, 95% confidence interval; ADR, adverse drug reaction; ART, antiretroviral therapy; AZT, zidovudine; BMI,
body mass index; ddI, didanosine; FTC, emtricitabine; LPV/r, ritonavir-boosted lopinavir; OR, odds ratio; TDF, tenofovir; WHO, World
Health Organization.

FIG. 1. Self-reported adverse drug
reactions in the 30 days before virologic
failure/last viral load test among patients
receiving second-line antiretroviral ther-
apy in Johannesburg, South Africa.
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Although a slightly higher proportion of cases (11.4%) had a
diagnosed ADR compared to controls (7.3%), having a
confirmed ADR diagnosis was not a strong predictor of
second-line virologic failure (OR 1.6; 95% CI: 0.6–4.5).
Overall 55.7% of cases and 39.5% of controls self-reported
an ADR. Figure 1 shows the proportions of cases and controls
reporting various ADRs. ADRs reported included body
changes (5.7% of cases and 8.5% of controls), CNS-related
conditions (14% of cases and 6.9% of controls), gastroin-
testinal problems (8.6% of cases and 6.2% of controls),
muscle or joint pains (4.3% of cases and 4.6% of controls),
and skin conditions (10.0% of cases and 3.9% of controls).
Participants who self-reported at least one ADR were more
likely to fail treatment (OR 1.9; 95% CI: 1.0–3.5) compared
to those with no ADR symptoms.

Discussion

In South Africa, third-line therapy, although much more
expensive than second-line therapy, is available in the public
health sector. Accordingly, the high rates of virologic failure
among HIV-positive patients who are receiving second-line
ART warrant further efforts to understand predictors of vi-
rologic failure to inform interventions to improve patient
outcomes. In this study, we set out to examine demographic,
contextual, and adherence-related predictors of virologic
failure on second-line ART. Similar to previous studies, our
results show that poor treatment adherence remains an im-
portant predictor of virologic failure.12,13,27–29 We found that
patients with self-reported adherence lower than 90% in the
month before virologic failure/last VL test were 4.6 times
more likely to fail second-line ART. A multi-center analysis
found that patients with an adherence index of <80% reported
twice higher treatment failure rates compared with those with
an adherence index of at least 95%30,31 on second-line ther-
apy. In addition, a study from Malawi also found that patients
on second-line therapy who had ‘‘ever missed a dose’’ were
less likely to achieve virologic suppression (<400 copies/mL)
compared to patients who had never missed a dose.27

In addition to nonadherence, virologic failure was associ-
ated with younger age, social instability, self-reported ADRs,
HIV status disclosure to people other than close family
members and sexual partner, alcohol consumption, and de-
pression. Younger age, low social support, and internalized
HIV stigma have been previously cited as important predic-
tors of ART failure.32 HIV-related stigma could also be a
predictor of social instability, nondisclosure, and depression
by affecting patients’ abilities to access social support (sexual
partnerships and supportive home) as well as economic well-
being (employability and food security).33,34 While inter-
ventions focusing on patients’ personal abilities to overcome
barriers to adherence have had promising results; continued
efforts to normalize HIV are needed and the involvement of
social services may be required to support socially unstable
patients.13,35,36

The risk of virologic failure among those who were em-
ployed was slightly lower than among unemployed patients.
While transportation cost could be a contributing factor
among unemployed patients, among patients who worked
all day, inability to secure paid leave for clinic visits and
unfavorable clinic operating hours may also hinder regular
attendance.

We also found that self-reported ADRs, but not clinically
confirmed ADRs were associated with higher risk of viro-
logic failure. The recording of ADRs is generally poor, with
even less data on ADR among patients on second-line ART.37

This could partly explain the disparity between the propor-
tions of patients with clinically diagnosed ADR compared to
self-reported data. However, patient complaints of ADR,
including low-grade ADRs, could be regarded as important
early warning indicators of nonadherence.

Our findings should be considered within the following
limitations. The small sample size and weak statistical
power limited our ability to adjust for potential confounders
and, therefore, make stronger inferences based on the re-
sults, and further studies with larger sample sizes are nee-
ded. In addition, unlike controls, cases were asked to recall
events that occurred up to 12 months before the interview.
Although the date of virologic failure was provided to assist
cases with recall, differential recall between cases and
controls may have affected our estimates. In addition, pa-
tients were aware of their study assignment and health
condition that could have affected their responses. More-
over, the study sample was restricted to patients from one
large HIV clinic in Johannesburg who spoke and understood
English, which may not be representative of patients from
other settings. Finally, our cases were not confirmed to have
had resistance to second-line therapy, but rather used the
definition of failure used in practice based on repeated el-
evated VL measures.

Nevertheless, our results highlight the complex interplay
between socioeconomic and drug-related factors contributing
to ART adherence and subsequent risk of virologic failure
among patients on second-line ART in South Africa. Ad-
herence counseling should take into consideration patients’
self-reported experiences of ADRs as well as their social
circumstances and, whenever possible, include material
support and linking to social services. Also, interventions that
support easy access to clinics and expedient service among
stable patients alongside continued social support programs
are needed to improve adherence to second-line ART and
curb the need for third-line regimens.
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