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Abstract 

Introduction: Failure on second-line antiretroviral therapy (ART) with protease inhibitor (PI) mutations (VF-M) is on 
the rise. However, there is a paucity of information on the factors associated with this observation in low-income 
countries. Knowledge of underlying factors is critical if we are to minimize the number of PLHIV switched to costly 
third-line ART. Our study investigated the factors associated with VF-M.

Methods: We conducted a matched case–control analysis of patients’ records kept at the Joint Clinical Research 
Center, starting from January 2008 to May 2018. We matched records of patients who failed the second-line ART with 
major PI mutations (cases) with records of patients who were virologically suppressed (controls) by a ratio of 1:3. Data 
analysis was conducted using STATA Version 14. Categorical variables were compared with the outcomes

failure on second-line ART with PI mutations using the Chi-square and Fisher’s exact tests where appropriate. Con-
ditional logistic regression for paired data was used to assess the association between the outcome and exposure 
variables, employing the backward model building procedure.

Results: Of the 340 reviewed patients’ records, 53% were women, and 6.2% had previous tuberculosis treatment. 
Males (aOR = 2.58, [CI 1.42–4.69]), and patients concurrently on tuberculosis treatment while on second-line ART 
(aOR = 5.65, [CI 1.76–18.09]) had higher odds of VF-M. ART initiation between 2001 and 2015 had lower odds of VF-M 
relative to initiation before the year 2001.

Conclusion: Males and patients concomitantly on tuberculosis treatment while on second-line ART are at a higher 
risk of VF-M. HIV/AIDS response programs should give special attention to this group of people if we are to minimize 
the need for expensive third-line ART. We recommend more extensive, explorative studies to ascertain underlying 
factors.
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Background
Antiretroviral therapy (ART) remains the only scalable 
biomedical intervention for reducing the impact and 
effect of HIV/AIDS in Sub Saharan Africa, which dispro-
portionately carries 70% of the global HIV burden [1]. 
Uganda, whose current HIV prevalence is 6.2% among 
15–49 years [2], is among the ten high burden countries 
that account for almost 80% of all people living with HIV 
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in this region [3]. By 2017, an estimated 1.3 million Ugan-
dans were living with HIV, of whom 67% were on ART 
[4].

Second‑line antiretroviral therapy
In sub-Saharan Africa, the proportion of HIV positive 
patients on second-line ART is between 1–5% [5–7] and 
is expected to rise to 0·5–3·0 and 0.8–4.6 million people 
between 2020 and 2030 [8]. In Uganda, 3.77% of PLHIV 
are on second-line ART [4] which, is composed of a PI-
based regimen of boosted lopinavir or atazanavir, and 
a recycled NRTI [9]. The rising number of patients on 
second-line ART reduces the availability of alternative 
treatment options in developing countries whose health 
systems are still dependent on foreign aid to provide ART 
[10, 11]. Beyond the high cost of second-line regimens, 
failure on first-line ART is associated with poor adher-
ence [12, 13], which, if not addressed, means that patients 
initiated on second-line ART are also likely to fail on 
this regimen. Failure on second-line ART (having two 
subsequent viral counts of or greater than 1000 copies/
ml, done at least 3–6 months apart) means that care pro-
viders have to switch such patients to third-line ART [9] 
which is has a higher pill burden and toxicity [14].

Failure on second‑line antiretroviral therapy
Studies in limited-resource settings have reported 
second-line ART failure rates of 21.8–33%, 14–38%, 
15—38.5%, and 10–38.0% at 6, 12, 24, and 36 months of 
initiation on second-line ART among adults respectively 
[15–18]. That said, second-line ART failure is further 
complicated by major PI mutations.

M46I/L, N88S, V82A/F/T/S/M, I84IV, and I54V/A/S, 
G48V/M/Q and L76V, which decrease susceptibility 
to the PIs [19]. The prevalence of second-line ART fail-
ure with PI mutations (VF-M) is estimated in the range 
of 18.5 to 40% and is predicted to rise further as more 
patients are switched to second-line regimens [18, 20, 
21]. However, there is a paucity of information in devel-
oping countries on the factors associated with VF-M. The 
few studies conducted have pointed at age and tubercu-
losis treatment as factors. For example, in a small cohort 
of 44 patients, [23] found age as the only factor, whereby 
patients above 24 years of age were at a higher risk of fail-
ing with major PI mutations [22]. Another study among 
children less than three years of age highlighted the tim-
ing of tuberculosis treatment while on second-line ART, 
and protease inhibitor dosing strategy [23].

More research on the factors associated with VF-M is 
critical to inform public health experts, HIV/AIDS poli-
cymakers, and implementers on how best to minimize 
the likelihood of having more patients switched to third-
line ART. This is given the cost of third-line ART costs 

eighteen times and seven times higher than the lowest 
price of first and second-line ART, respectively [14], is 
more intolerable, and costs more in terms of resources 
required for its provision [24]. To our knowledge, this 
study provides the first body of evidence to understand 
the factors associated with VF-M in the context of devel-
oping Uganda.

Methods
The study was conducted at the Joint Clinical Research 
Center (JCRC), a high-volume HIV/AIDS health and 
research care facility located in Wakiso district, Uganda. 
Currently, the institution takes care of over 15,402 peo-
ple living with HIV/AIDS (PLHIV), of whom 17% are on 
second-line ART. We reviewed records of routinely col-
lected clinic data on PLHIV for the period between Janu-
ary 2008 and May 2018. This period coincided with the 
period when JCRC started conducting viral load moni-
toring and the period with the most updated informa-
tion the researchers could get during data collection. We 
developed a customized data collection tool to capture 
variables of interest for both cases and their correspond-
ing matched controls. Cases were records of patients who 
had VF-M. Controls were matches at the time (month 
and year) the cases occurred (time of genotype). A 
matching ratio of 1:3 was chosen to increase the power 
of the study.

Sequencing for PI mutations
Analysing PI mutations was performed using the Celera 
Diagnostics ViroSeq HIV-1 Genotyping System (version 
2.0). Sequence data were analyzed using the Sequence 
Analysis software and Celera Diagnostics ViroSeq HIV-1 
Genotyping System software (version 2.8). The genotypic 
results were interpreted for each drug according to the 
2011 version of the Stanford algorithm [19].

Sampling
Of the 2,618 records of patients on second-line ART, 
2,155 were virologically suppressed. Of the four hundred 
sixty-three non-suppressed patients, 169 had PI muta-
tions, with major mutations being among 154 patients. 
Of the 154 records of patients with major PI mutations 
(cases), we reviewed 85 (49.4%) files since 66 case files 
were rejected due to incomplete information, and three 
could not be matched. The cases were matched against 
255 controls (See Fig. 1).

Inclusion and exclusion criteria
For cases, we included all patients who failed on second-
line ART between Jan 2008 and May 2018, had complete 
data and possessed major PI mutations. On the other 
hand, records of matchable virologically suppressed 
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Fig. 1 Study sampling strategy
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patients on second-line ART with complete records were 
controls. Incomplete and unmatchable records were 
excluded from the analysis.

Study variables
The dependent variable was failure on second-line ART 
(≥ 1000 viral copies/milliliter of blood) with major HIV 
drug-resistant PI mutations (VF-M). Independent vari-
ables were age, gender, viral load at the initiation of the 
second-line of ART, type of first-line and second-line 
ART regimen, presence of comorbidities, year of ART 
initiation, and duration on first-line ART and history of 
tuberculosis management while on second-line ART.

Data collection
Data were abstracted from hard copy and online patient 
case management files kept by the JCRC clinic. It was 
after entered onto a hard copy abstraction tool designed 
by the researchers. During the data abstraction process, 
we did not include any patient identifier information. We 
collected information on patients’: age, gender, viral load, 
and CD4 before initiation of second-line ART, comor-
bidities while on second-line ART, year of ART initiation, 
and duration on first-line ART and concomitant treat-
ment for tuberculosis. The patient identifier sheet was 
kept under key and lock by the researchers.

Data analysis
The abstracted raw data were double entered into MS 
Excel and compared to rule out discrepancies. The final 
dataset was exported to Stata Version 14 (Stata Corp LP, 
College Station, Texas) software for analysis. Categori-
cal variables were compared with the outcome: failure 
on second-line ART with PI mutations (VF-M) using 
the Chi-square test and Fisher’s exact test where appro-
priate. Testing for multicollinearity was done using the 
variance inflation factors (VIF) approach. Conditional 
logistic regression for paired data was used to obtain the 
odds ratios measuring the magnitude of the association 
between the outcome and the exposure variables. The 
backward model building procedure was used in which 
all variables that were significant at the 20% level of signif-
icance during simple regression were considered for the 
multiple regression model. Only factors that were signifi-
cant at the 5% level were maintained in the final model. 
Results were reported as the multivariable-adjusted odds 
ratios with their corresponding 95% confidence intervals 
(CI) for associations between the exposure variables and 
the outcome.

Ethical considerations
Regulatory approval to proceed with the study was 
sought from the Makerere University Higher Degrees 

Institutional Review Board (FWA 00011353), and the 
JCRC administration gave written permission to collect 
the data. Patient confidentiality was ensured throughout 
the project’s lifetime and after.

Results
Of the 340 patients’ records we reviewed, 53% (n = 179) 
belonged to women, of whom 33% (n = 28) were cases. 
The majority (83.2%) of the patients had an NNRTI 
based regimen for their first-line ART, while 91.8% 
(n = 312) were on lopinavir for their second-line ART. 
Only 11% (n = 36) of the study population had comor-
bidities, the majority of whom (75%) were in the control 
arm. Relatedly, 6% (n = 21) of the clients were concur-
rently on second-line ART and TB treatment, of whom 
the majority (67%) were cases. The median age, CD4 
count, and viral load at the start of second-line ART 
was 38 years, 115 cells, and 67,965 viral copies per ml of 
blood plasma, respectively. Cases were associated with 
lower median CD4 counts (68.5) and higher median 
viral counts (233,700 [p-value ≤ 0.001]) at the start of 
second-line ART. There was a statistically significant dif-
ference in gender (p-value ≤ 0.001), second-line regimens 
(p-value = 0.001), year of ART initiation (p-value ≤ 0.001) 
and being on tuberculosis treatment while on second-
line ART (p-value ≤ 0.001) among cases and controls 
(Table 1).

Table 2 shows that by gender disaggregation, 57 cases 
(67%) were males, of whom 81% (n = 46) were on lopina-
vir for their second-line ART. Furthermore, of all patients 
with comorbidities at the start of second-line ART, 47% 
(n = 17) of them were males in the control arm. The pro-
portion of female cases who were on TB treatment at the 
start of second-line therapy was slightly higher (17.9%) 
compared to male cases (15.8%). However, this could be 
attributable to lesser numbers of female cases. Relatedly, 
female cases had a higher median viral count at the start 
of second-line ART (233,700) compared to their male 
counterparts (139,901).

Factors for failure on second‑line ART with PI mutations
Table 3 shows that gender, type of second-line regimen, 
and tuberculosis treatment while on second-line ART 
were associated with VF-M at the simple regression 
stage. Males had higher odds of VF-M compared to 
females (uOR = 3.09, [CI 1.8–5.31]). Relatedly, patients 
who had “other” PIs for their second-line ART were 
more likely to have VF-M (uOR = 5.66, [CI 1.92–16.66]) 
compared to those who had lopinavir as their second-
line regimen. Patients concurrently on tuberculosis 
treatment, and second-line ART were also more likely 
to have VF-M compared to colleagues with no tuber-
culosis treatment at initiation on second-line therapy 
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(uOR = 7.54, [CI 2.69–21.08]). At multiple regression 
analyses, gender (p = 0.002), being on tuberculosis 
treatment while on second-line ART (p = 0.004), and 
year of ART initiation were significantly associated 
with VF-M. Specifically, males (aOR = 2.58, [CI 1.42–
4.69]), patients concurrently on tuberculosis treatment 
while on second-line ART (aOR = 5.65, [CI 1.76–
18.09]) had higher adjusted odds of VF-M. Initiation on 
ART between 2001 and 2005, 2006 and 2010, 2011 and 

2015 had lower adjusted odds of VF-M aOR = 0.06[CI 
0.02–0.22], aOR = 0.07[CI 0.02–0.28], and aOR = 0.03, 
[CI 0.00–0.26] respectively, compared to initiation 
before 2001. Generally, all three factors were more 
prevalent among males (Table  2). Multicollinearity 
among the exposure variables was investigated before 
the model building, and all of the variance inflation fac-
tors (VIFs) were below 10, indicating the absence of 
multicollinearity.

Table 1 Study descriptive characteristics

§ Missing data on two observations, ¥ Missing data on 128 observations, TB: Tuberculosis, VL: Viral Load, IQR: Interquartile Range, ∞Non-NRTI: triple nucleosides, µ 
“other PI”: saquinavir and nelfinavir

Characteristic Controls Cases Total p-value

n (col %) n (col %) n (col %)

Gender

Female 151(59.2) 28(32.9) 179(52.6)  < 0.001

Male 104(40.8) 57(67.1) 161(47.4)

Total 255(100) 85(100) 340(100)

Type of second-line drug

lopinavir 241(94.5) 71(83.5) 312(91.8) 0.001

Atazanavir 8(3.1) 4(4.7) 12(3.5)

Other  PIµ 6(2.4) 10(11.8) 16(4.7)

Total 255(100) 85(100) 340(100)

TB treatment§

No 246(97.2) 71(83.5) 317(93.8)  < 0.001

YES 7(2.8) 14(16.5) 21(6.2)

Total 253(100) 85(100) 338(100)

Year of ART initiation

Before 2001 7(2.7) 23(27.1) 30(8.8)  < 0.001

2001–2005 170(66.7) 41(48.2) 211(62.1)

2006–2010 64(25.1) 19(22.4) 83(24.4)

2011–2015 14(5.5) 2(2.4) 16(4.7)

Total 255(100) 85(100) 340(100)

Type of first-line drug

NNRTI based 217(85.1) 66(77.6) 283(83.2) 0.111

NON-NNRTI∞ 38(14.9) 19(22.4) 57(16.8)

Total 255(100) 85(100) 340(100)

Other comorbidities §

No 226(89.3) 76(89.4) 302(89.3) 0.983

Yes 27(10.7) 9(10.6) 36(10.7)

Total 253(100) 85(100) 338(100)

Age at start of 2nd line: median (IQR)

38(32–46) 38(31–46) 38(32–46) 0.300

CD4 at start of 2nd line: median (IQR)

130(62–250) 68.5(18–181) 115(41–234) 0.079

VL at start of 2nd line: median (IQR)¥

43,005.5(13,645.5–135,553.5) 233,700(65,985.5–601,989) 67,965(18,846.5–189,160)  < 0.001

Duration on 1st line: median (IQR)

4 (2 – 5) 3 (2–6) 3 (2–5) 0.210
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Discussion
Our study showed that the majority of the cases were 
males (67.1%) (Table  1), and were more likely to have 
VF-M (p = 0.002). Studies conducted in develop-
ing countries have shown that male HIV patients 
are more likely to present to HIV care facilities with 
advanced disease as compared to their female coun-
terparts [25, 26]. Moreover, advanced HIV/AIDS is a 
critical predictor for failure on second-line ART [27, 

28]. Furthermore, research has shown that males are 
more prone to virological failure while on second-line 
ART than females [29, 30], attributable to poor adher-
ence and higher odds of alcohol consumption while on 
ART [31, 32]. However, our findings are contrasted by a 
South African study, which showed that 60% of patients 
who had VF-M were women [33]. That said, our results 
continue to highlight male HIV positive patients as a 
key vulnerable population that needs special attention 

Table 2 A gender-based comparison of descriptive study characteristics

§ Missing data on two observations, ψ Missing data on one observation, ¥ Missing data on 128 observations, TB: tuberculosis, VL: Viral Load, IQR: Interquartile Range, 
ART: Antiretroviral Therapy, ∞Non-NRTI: triple nucleosides, µ “other PI”: saquinavir and nelfinavir

Characteristic Females Males

Controls Cases Total Controls Cases Total

n (col %) n (col %) n (col %) n (col %) n (col %) n (col %)

Type of Second-line drug

Alluvia 143(94.7) 25(89.3) 168(93.9) 98(94.2) 46(80.7) 144(89.4)

Atazanavir 5(3.3) 3(10.7) 8(4.5) 3(2.9) 1(1.8) 4(2.5)

Other  PIµ 3(2.0) 0(0) 3(1.7) 3(2.9) 10(17.5) 13(8.1)

Total 151(100) 28(100) 179(100) 104(100) 57(100) 161(100)

TB treatment ψ

No 146(97.3) 23(82.1) 169(94.9) 100(97.1) 48(84.2) 148(92.5)

Yes 4(2.7) 5(17.9) 9(5.1) 3(2.9) 9(15.8) 12(7.5)

Total 150(100) 28(100) 178(100) 103(100) 57(100) 160(100)

Year of ART initiation

Before 2001 6(4.0) 2(7.1) 8(4.5) 1(1.0) 21(36.8) 22(13.7)

2001–2005 91(60.3) 15(53.6) 106(59.2) 79(76.0) 26(45.6) 105(65.2)

2006–2010 44(29.1) 9(32.1) 53(29.6) 20(19.2) 10(17.5) 30(18.6)

2011–2015 10(6.6) 2(7.1) 12(6.7) 4(3.8) 0 (0) 4(2.5)

Total 150(100) 28(100) 179(100) 104(100) 57(100) 161(100)

Type of First-line drug

NNRTI based 129(85.4) 22(78.6) 151(84.4) 88(84.6) 44(77.2) 132(82.0)

NON-NNRTI∞ 22(14.6) 6(21.4) 28(15.6) 16(15.4) 13(22.8) 29(18.0)

Total 151(100) 28(100) 179(100) 104(100) 57(100) 161(100)

Other comorbidities§

No 139(93.3) 28(100) 167(94.4) 87(83.7) 48(84.2) 135(83.9)

Yes 10(6.7) 0(0) 10(5.6) 17(16.3) 9(15.8) 26(16.1)

Total 149(100) 28(100) 177(100) 104(100) 57(100) 161(100)

No 139(93.3) 28(100) 167(94.4) 87(83.7) 48(84.2) 135(83.9)

Yes 10(6.7) 0(0) 10(5.6) 17(16.3) 9(15.8) 26(16.1)

Total 149(100) 28(100) 177(100) 104(100) 57(100) 161(100)

Age at the start 
of 2nd line ART: 
median (IQR)

36 (31–41) 35.5(31.5–38) 36(31–41) 43(35–49) 39(31–48) 42(33–49)

CD4 at the start 
of  2nd line ART: 
median (IQR)

155(77–253) 65.5(15–135) 137(62–243) 101.5(37–230) 78.5(28.5–205) 93(34–205)

VL at start of  2nd line 
ART: median (IQR)¥

37,706(12,880–
135,248)

233,700(51,014–
547,922)

50,305.5(1453.5–
162,197)

54,588(14,444–
135,859)

139,901(72,510–
645,978)

76,115(21,919.5–
250,702)

Duration on 1st line: 
median (IQR)

4(2–5) 3(1.5–4) 3(2–5) 3(2–5) 4(2–6) 3(2–6)
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if we are to maintain them on second-line ART over an 
extended period.

Age and VF‑M
Chimbetete et  al. [22] found that older patients 
(> 24  years of age) were associated with higher odds of 
VF-M. This could be attributed to long periods of expo-
sure on first-line drugs, some of which are recycled to 
form part of second-line regimens[34]. Furthermore, 
long-term exposure to ART is associated with higher 
odds of non-adherence [35], which could be the case for 
older adults. That said, our study did not find any statis-
tical difference between age and VF-M. We recommend 
more studies to understand the factors behind younger 
HIV/AIDS patients on second-line ART having lower 
odds of PI mutations at failure.

HIV/TB coinfection and VF‑M
Concomitant tuberculosis treatment, while on second-
line ART, was higher among cases (67%) and significantly 

associated with VF-M (p ≤ 0.004). Our findings are in line 
with a study conducted by Rossouw et  al. 2015, which 
found that children on tuberculosis treatment while on 
second-line ART were more likely to have VF-M [23]. 
This is attributable to factors such as higher pill bur-
den [36, 37], HIV/TB coinfection being associated with 
advanced HIV/AIDS [38], and the fact that rifabutin is 
not readily available in the resource-limited settings as a 
replacement for Rifampicin which is known to reduce the 
pharmacokinetic levels of PIs and consequently their effi-
cacy [39, 40]. Our findings highlight VF-M as an outcome 
of the continued prescription of rifampicin and stress the 
need for governments in developing countries to adopt 
rifabutin for HIV/TB co-infected patients. HIV care pro-
viders should also provide more personalized attention, 
counseling, and support to patients concomitantly on TB 
and second-line ART. This is because they are at a higher 
risk of VF-M. Furthermore, HIV clinical care specialists 
have to weigh the options of initiating patients with TB 
on PIs.

Table 3 Complete case analysis

¶  Wide confidence interval due to small sample size *statistically significant at the 5% level, TB: tuberculosis, VL: Viral Load, IQR: Interquartile Range, ART: Antiretroviral 
Therapy, ∞Non-NRTI: triple nucleosides, µ “other PI”: saquinavir and nelfinavir

Characteristic Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value

Gender

Female 1.00 1.00

Male 3.09(1.80–5.31)  < 0.001 2.58(1.42–4.69) 0.002*

Type of second-line drugs

lopinavir 1.00 1.00

Atazanavir 1.59(0.44–5.82) 0.483 3.4(0.79–14.34) 0.101

Other  PIµ 5.66(1.92–16.66) 0.002 3.92(1.15–13.38) 0.671

TB treatment

No 1.00 1.00

Yes 7.54(2.69–21.08)  < 0.001 5.65(1.76–18.09) 0.004*

Year of ART initiation

Before 2001 1.00 1.00

2001–2005 0.05(0.01–0.16)  < 0.001 0.06(0.02–0.22)  < 0.001*

2006–2010 0.05(0.02–0.20)  < 0.001 0.07(0.02–0.28)  < 0.001*

2011–2015 0.02(0.00–0.17)  < 0.001 0.03(0.00–0.26) 0.002*

Type of 1st line drug

NNRTI based 1.00

NON-NNRTI∞ 1.81(0.92–3.55) 0.085 – –

Other comorbidities

No 1.00

Yes 1.00(0.44–2.26) 1.000 – –

Age at start of 2nd line

0.99(0.97–1.01) 0.300 – –

CD4 at start of second line

0.99(0.99–1.00) 0.079 – –

Duration on 1st line

1.07(0.96–1.18) 0.210
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Year of ART initiation and VF‑M
Patients who initiated ART after 2001 were less likely to 
have VF-M as compared to colleagues who were started 
on ART before. Patients enrolled on ART between 2001–
2005, 2006–2010, 2011–2015 had a 96%, 97%, and 93% 
lower likelihood of VF-M, respectively, as compared to 
those initiated on ART before 2001. This is attributed to 
health systems improvements in the provision of HIV/
AIDS care services [41] For example, the introduction 
of differentiated care models has improved adherence 
because drugs are taken closer to where patients live. 
Conversely, before 2001 patients had to return to health 
facilities within short intervals, which was economi-
cally tasking. Relatedly, before 2001, patients on ART 
had higher pill burdens, which made it hard for them to 
adhere to treatment [41] as compared to those post-2001 
when the improvement in dose formulations was made 
to reduce pill burdens. Furthermore, due to high levels of 
primary resistance to NNRTIs, patients initiated on ART 
of late are given dolutegravir for first-line ART. For this, 
patients are likely to stay longer on first-line since it’s a 
new class of drugs with a high genetic barrier to resist-
ance and can be co-formulated, leading to once-daily 
dosing with tenofovir/lamivudine [42].

Type of second‑line ART and VF‑M
Patients who had “other PIs” saquinavir and nelfinavir 
had lower odds of VF-M compared to counterparts on 
lopinavir or atazanavir despite the associated higher pill 
burden of “other PIs” like saquinavir [43] and their low 
genetic barrier to resistance and reduced bioavailability 
[44]. The existence of this phenomenon needs further 
exploration. More to this, it is essential to note that in 
Uganda, due to increased access to HIV care and reli-
able national supply of lopinavir and boosted atazana-
vir, which is the recommended PIs for second-line ART, 
saquinavir is rarely used except for third-line ART.

Significance of the study
To our knowledge, this study is the first endeavor to 
investigate the factors associated with second-line ART 
failure with PI mutations. The study was conducted 
within an HIV care provision setting, which reflects 
ground reality, and our measures were based on WHO 
standards for assessing failure on second-line ART. Due 
to existing data management mechanisms for data valid-
ity at JCRC, data used for this study was relatively good 
and reliable. More importantly, we employed a robust 
data collection system and trained all staff involved in 

the data collection and management process to minimize 
errors and ensure the quality and validity of results.

Study limitations
Our study had a couple of limitations. First, we 
excluded 69 (45%) files under the “case” arm, and 68 
(21%) files under the “control” arm due to data incom-
pleteness, which could have affected the findings. How-
ever, we worked with data of over 50% of the whole 
population of interest, which is generalisable. Second, 
there might have been original data entry errors since 
our analysis was solely based on routinely collected 
project data. Third, our study was conducted within the 
limitations of case–control studies, with the odds ratios 
unstable as reflected by the wide confidence intervals. 
This was minimised by increasing the power of the 
study. That said, our findings provide a platform for 
more extensive longitudinal studies to understand fur-
ther the underlying factors and co-factors for second-
line ART failure with PI mutations within low-income 
settings.

Conclusion
Our findings provide new insights that male patients, 
HIV patients co-infected with TB, and patients on PIs 
such as saquinavir are more likely to fail on second-line 
ART with PI mutations. It is recommendable that HIV 
care providers in developing countries design factor 
specific interventions such as counselling and evalu-
ations to provide targeted additional monitoring and 
support for those at risk of virological failure.
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