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Abstract

Objectives

To analyze the time between antiretroviral therapy (ART) initiation and the first HIV viral load

(VL) test <40 copies—time to suppression (TS)—in a cohort of persons aged�15 years,

between 2015–2018 in outpatient HIV care facilities of the Brazilian Unified Health System,

as well as to analyze whether individual and facility characteristics accelerate or delay TS.

Methods

This was a cohort study with data from a linkage of national HIV databases, following a pre-

viously published procedure. Two types of variables were examined: individual-level (sex,

age group, race/skin color, education, baseline CD4 cell count and VL, initial ART regimen,

adherence, ART regimen change and number of VL tests until suppression) and facility-

level (national and metropolitan region, caseload). Multilevel parametric accelerated failure

time survival models were used. Fixed and random effects were analyzed through null,

sociodemographic, combined sociodemographic and clinical, and facility-related variables,

adjusted for the number of VL tests until suppression. Likelihood, interquartile range, and

proportion of change in variance were used for comparisons.

Results

Of 132,540 participants, 89.4% (114,696) achieved viral suppression: 20.8% within three

months, and 56.4% within six months. Median TS was 161 days, varying from 31 to 1,426

days, depending on the time interval between initiation and VL testing. Among those who

had VL testing within 66 days, median TS was 55 days. All individual and facility-related vari-

ables were associated with TS, explaining the 16.2% and 13.2% variability, respectively.
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Conclusions

This was the first Brazilian nationwide cohort to analyze TS. It is also one of the largest oper-

ational cohorts globally to assess healthcare facility characteristics. The findings indicated

that both individual and facility-related characteristics contribute to TS. Strengthening VL

monitoring should be included as part of a coordinated effort to improve the quality of care

provided for people living with HIV/AIDS in Brazil.

Introduction

The clinical and public health benefits of HIV viral load suppression (VS) through combina-

tion antiretroviral therapy (ART) are well-established, supported by robust scientific evidence

[1–4] which forms the basis for policies and strategies that aim to engage the international

community, governments, and civil society in achieving and maintaining VS targets. Cascade-

based official reports from HIV national programs [5, 6] compile indicators that are immedi-

ately useful for healthcare professionals, HIV care facility managers, and system managers [7,

8]. These indicators are, however, limited by their cross-sectional design, as they assess the VS

proportion of the group of persons in care within a fixed time interval (usually six, 12, or 24

months) between ART initiation and VS achievement, without considering temporal evolution

[9]. Acknowledging these limitations, researchers have advocated that the parameter used by

HIV programs to monitor ART success be time to VS [10–14].

With widespread use of integrase inhibitors [9], an increase has been seen in studies exam-

ining time to VS continuously [15–20]. As associated factors, a significant portion of these

studies analyze individual characteristics, whereas fewer of them also analyze care facility char-

acteristics [20–23].

Up to the time of writing this paper, we identified only one population-based cross-sec-

tional study in Brazil that assessed the median time between ART initiation and VS, conducted

from 2004 to 2018 in one Brazilian state [24]. No study including care facility characteristics in

its analysis was, however, found.

This article aimed to analyze the time between ART initiation and first VS in a cohort of

persons living with HIV/AIDS (PLWHA) who initiated ART between 2015 and 2018 in outpa-

tient HIV care facilities of the Brazilian Unified Health System (SUS). A further objective was

to analyze whether individual characteristics and healthcare facility characteristics accelerate

or delay time to VS.

Materials and methods

Study design

This was an observational longitudinal study including PLWHA aged�15 years who are par-

ticipants in the Qualiaids-Brazil Cohort.

Context

In Brazil, the establishment of the national program for STD/AIDS in 1986 [25] prompted the

implementation of hospital and outpatient facilities for the treatment of people with AIDS,

mostly within pre-existing structures of the public health system [26], which officially became

the SUS [27] in 1988. The spread of AIDS in the country and the introduction of ART in 1996,

which turned HIV disease into a chronic condition, led to a significant expansion in the
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number of outpatient facilities, reaching approximately 1,300 today [28]. These facilities are

the exclusive providers of ART medication for approximately 852,000 people. Clinical moni-

toring of PLWHA can be carried out within the public or private healthcare system. According

to the cohort database, it has been estimated that 69% of PLWHA received outpatient monitor-

ing through SUS facilities [28, 29].

Study population

The Qualiaids-Brazil Cohort comprises PLWHA who received treatment at SUS facilities that

participated as respondents in a national survey regarding facility characteristics (Qualiaids

Survey) [30–34]. PLWHA aged�15 years were included if they had their first ART dispensa-

tion between 2015 and 2018, a CD4 test conducted between 120 days before and 30 days after

the first ART dispensation, and at least two viral load (VL) test results. The exclusion criteria

considered inconsistencies in PLWHA data among the data sources used. Further information

on the construction of the database and the profile of the Qualiaids-Brazil Cohort can be

obtained from a previous publication [29].

For this study, only PLWHA who were in treatment for more than 30 days were included

[35]. This was due both to the inability to assess treatment effect for very early suppressions

and the possibility of delays in recording the first dispensation date. Those who had their last

VL test in the SUS before their first ART dispensation were excluded.

Follow-up

The date of the first medication dispensation was defined as the initiation of ART, and the date

of the last VL test was set as the final follow-up date. Deaths and loss to follow-up were classi-

fied as censoring events. The mortality data comprised only those deaths attributed to HIV-

related causes [29]. Loss to follow-up was attributed to individuals who went more than 100

days without picking up medication or having VL tests until the final follow-up date of the

cohort (December 31, 2018) [29]. Administrative censoring referred to individuals who did

not achieve VS by the end of the follow-up period.

Study variables

The dependent variable was the time from treatment initiation to VS, defined as the number

of days elapsed between the date of the first ART dispensation and the date of the first VL<40

copies/mL after ART initiation. The independent variables included data on individuals and

treatment facilities.

The following sociodemographic characteristics of individuals were included: sex (female;

male), age group (15–19; 20–29; 30–39; 40–49; 50–59;�60 years), race/skin color (white; black;

yellow; mixed-race; indigenous), and education level (none; 1–3; 4–7; 8–11;�12 years). For

the variables race/skin color and education level 7.3% and 18.6% of entries were missing data

respectively. Therefore, imputation was performed to reduce potential biases in the analyses

by using Stata 15’smi impute mlogit library, which employs a multinomial logistic regression

model for imputation of nominal variables. The variable transmission category was excluded

due to the high proportion of missing records (34.2%) in the original database.

Among individual clinical characteristics, baseline CD4 lymphocyte count showed consider-

able variation within the interval between the date of the test and treatment initiation, as has

been reported elsewhere in the literature [36, 37]. We thus decided to consider as baseline the

CD4 lymphocyte count performed between six months before and 30 days after the treatment

initiation date (<200; 200–349; 350–499;�500 cells/mm3). The remaining clinical variables

included were: initial VL count (�100,000; >100,000 copies/mL) and occurrence of active
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tuberculosis episode until the first VS (no; yes). Regarding treatment, the variable initial thera-
peutic regimen comprised ART medications specified in the clinical protocol of the period: pre-

ferred regimens–non-nucleoside reverse transcriptase inhibitor + 1 integrase inhibitor

(NNRTI+1INI) and nucleoside reverse transcriptase inhibitors + 1 non-nucleoside reverse

transcriptase inhibitor (2NRTI+1NNRTI); special regimens authorized by regional technical

chambers and unauthorized regimens [38].

Additionally, the following variables were included: change in therapeutic regimen until VS
(no; yes), adherence to treatment until the first VS, measured by the Medication Possession

Ratio - MPR (<80%; 80–94%;�95%), and the number of VL tests conducted until VS.
The variables regarding treatment facility characteristics were: facility location according to

geographical region (North; Northeast; Central-West; South; Southeast),metropolitan region
(no; yes), and total number of PLWHA who initiated ART at the facility between 2015–2018
(�50; 51–500; >500).

Data analysis

The dependent variable was the distribution of the time from treatment initiation to VS, for

which Normal, Log-Normal, Weibull, Exponential, and Gamma distributions were tested [39].

The Log-Normal distribution showed the best fit to the data. We therefore decided to use a

parametric multilevel accelerated failure time survival model with a Log-Normal distribution

for the analysis of cohort data [40, 41].

Initially, the absolute and relative frequencies of the qualitative variables were examined,

and measures of central tendency and dispersion were calculated for the dependent (quantita-

tive) variable. Subsequently, bivariate analyses were conducted between the dependent variable

and each individual and facility-related variable. Finally, these variables were analyzed in mul-

tiple hierarchical models. The two levels of aggregation in the models (individual and facility-

related) and the hierarchy of variables were defined based on the theoretical model presented

in Fig 1.

Four models were constructed for the multiple analysis, aiming to measure the fixed and

random effects of the variables at each level. Based on the null model, individual variables were

included in the following sequence: sociodemographic characteristics, disease severity, and

Fig 1. Theoretical model of clinical outcome production in HIV infection treatment.

https://doi.org/10.1371/journal.pone.0305311.g001
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treatment. The model relative to treatment facilities included only the block of facility-related

variables. Comparisons between the models were conducted using likelihood, interquartile

range, and the proportion of change in variance. The results were presented as time ratios

(TR) and their respective 95% confidence intervals (95% CI). The significance level used for all

analyses was 5%.

For the characterization of random effects, the four analyzed models were compared in

terms of random variance (standard error-SE), intraclass correlation coefficient (ICC), log

likelihood, and proportional change in variance (PCV) [42–45].

The PCV, at the contextual level, measures the variation of time to VS across healthcare

facilities and is defined as [42, 43, 45]:

PCV ¼
Random variance of the null model � random variance of the final model

Random variance of the null model

Contextual differences in time to VS can be attributed to random effects or differences in

individual composition of the facilities in terms of sociodemographic factors, disease severity,

or treatment initiation of the patients. Therefore, the PCV was calculated by comparing the

null model with the other models that included only individual variables (models 1 and 2) and

only facility-related variables (model 3).

The ICC is the proportion of the total variance of time to VS among treatment facilities that is

attributed to facility variability; in other words, it measures the heterogeneity of time to VS attrib-

uted to differences between facilities, and is calculated for each model using the formula [44]:

ICC ¼
Random variance

Random varianceþ individual variance

As detected in observational [24, 46–50] studies, there has been variation in adherence to

the VL monitoring protocol, which may affect the estimates [46–51]. To minimize this limita-

tion, all models were adjusted for the number of VL tests received by the individual.

Additionally, a sensitivity analysis was conducted by replicating the models with the inclu-

sion of the variable transmission category, using the subset of individuals with complete infor-

mation for this variable (S2 Table), and without adjustment for the number of VL tests

received (S3 Table). All analyses were performed using Stata 15.0’smestreg package.

Ethical considerations

The project was approved by the Ethics Committee on Research on Human Beings of the USP

School of Medicine on January 23, 2020 (CAAE: 27659220.3.0000.0065; Opinion: 3.807.435),

following the recommendations of Resolution No. 466 of 2012 from the Brazilian National

Health Council. The data was sent to the research team on May 10, 2020. There were no vari-

ables or information that could identify the individuals in the data set received.

Results

The Qualiaids-Brazil Cohort comprises 132,540 PLWHA who initiated ART in Brazil between

January 1, 2015, and December 31, 2018. For this study, considering eligibility criteria, 128,360

PLWHA were included who had been in treatment for more than 30 days and received at least

one VL test after starting ART. A total of 2,544 (1.9%) individuals who had been in treatment

for fewer than 30 days, and 1,636 (1.2%) individuals who did not receive a VL test before the

first ART dispensation were excluded. The censoring events were as follows: 1,496 (1.1%)

deaths, 3,838 (2.9%) losses to follow-up, and 10,988 (8.3%) administrative censorings [29].
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The distribution of time to VS is shown in Fig 2. Of the PLWHA considered in this study,

89.4% (114,696) achieved VS, with 20.8% (23,801) reaching it within 3 months after treatment

initiation, 56.4% (64,636) within 6 months, and 87.5% (100,408) within 12 months.

The median time to VS for all included individuals was 161 days, ranging from 31 to 1,426

days, depending on the time interval between treatment initiation and the control VL test.

Shorter intervals resulted in smaller medians (S1 Table).

Regarding the distribution of individual characteristics of the participants, higher propor-

tions of PLWHA were identified as male (69.8%), aged 20–39 years (64.3%), with>8 years of

schooling (62.8%), and of race/skin color brown or black (54.6%). A total of 26% of partici-

pants had an initial CD4 count <200 cells/mm3, whereas initial VL>100,000 copies/mL was

observed in 8.2% of participants. The initial therapeutic regimen was 2NRTI + 1NNRTI for

61.8% of participants; 3.2% changed their therapeutic regimen before the first VS. 42.5% of

participants experienced an episode of tuberculosis before the first VS. 42.5% of participants

had treatment adherence rates of�95%.

Regarding the treatment facilities, Fig 3 shows the distribution of the 941 included facilities

and of PLWHA monitored in them, according to geographic region and location in metropoli-

tan areas. The Southeast region accounted for most facilities (59.0%) and PLWHA (41.2%).

There was a predominance of facilities located in capital cities or metropolitan regions (66.2%)

and facilities assisting 51–500 individuals who started ART during the period (49.0%).

Table 1 shows the observed proportions of individual characteristics and the bivariate anal-

yses between the dependent variable and each of the individual variables (sociodemographic,

clinical, and treatment-related).

Table 2 shows the bivariate analysis between the dependent variable and each of the facility-

related variables.

The bivariate analysis showed that PLWHA who received care in facilities in the North

(TR = 1.13; 95% CI: 1.06; 1.21), Northeast (TR = 1.14; 95% CI: 1.09; 1.19), and Central-West

Fig 2. Distribution of time to VS, in days, Qualiaids-Brazil Cohort, 2015–2018 (N = 128,360).

https://doi.org/10.1371/journal.pone.0305311.g002
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(TR = 1.10; 95% CI: 1.03; 1.18) regions had a longer time to VS compared to those in the

Southeast. This finding was also observed for PLWHA treated in facilities located outside the

metropolitan region (TR = 1.09; 95% CI: 1.05; 1.12) and in facilities serving<50 PLWHA

(TR = 1.15; 95% CI: 1.09; 1.21).

Fig 3. SUS HIV treatment facilities and number of individuals included in the cohort who initiated ART in 2015–2018,

categorized by macro-region of the country. Qualiaids-Brazil Cohort, 2022 (N = 941).

https://doi.org/10.1371/journal.pone.0305311.g003
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Table 1. Descriptive analysis and bivariate analysis of the time from treatment initiation to VS, according to individual variables. Qualiaids-Brazil Cohort, 2015–

2018 (N = 128,360).

Variable Total % Bivariate

Suppression* Time Ratio LT HT

Sex

Male 89,586 69.8 89.5 ref

Female 38,774 30.2 88.9 0.93 0.93 0.94**
Age group (in years)

15–19 5,761 4.5 87.1 1.04 1.02 1.07**
20–29 44,823 34.9 89.7 1.01 0.99 1.02

30–39 37,672 29.4 88.8 1.03 1.02 1.05**
40–49 23,214 18.1 89.2 1.03 1.02 1.05**
50–59 12,081 9.4 90.4 ref

�60 4,809 3.8 91.3 0.98 0.96 1.01

Race/skin color

White 57,183 44.5 91.0 ref

Black 14,181 11.1 87.8 1.04 1.02 1.05**
Yellow 953 0.7 88.9 1.03 0.98 1.09

Brown 55,772 43.5 88.2 1.04 1.03 1.05**
Indigenous 271 0.2 79.3 1.22 1.11 1.34**
Education (in years of schooling)

None 2,278 1.8 86.7 1.18 1.14 1.22**
1–3 11,132 8.7 85.6 1.21 1.19 1.24**
4–7 34,298 26.7 86.9 1.17 1.16 1.19**
8–11 52,042 40.5 90.1 1.07 1.06 1.08**
�12 28,610 22.3 92.5 ref

Initial therapeutic regimen

Preferred regimen (2017–2018: NNRTI+1INI) 48,410 37.7 89.6 ref

Preferred regimen (2015–2016: 2NRTI + 1NNRTI) 79,288 61.8 89.3 1.54 1.53 1.55**
Authorized special regimens 118 0.1 83.1 1.39 1.21 1.60**
Unauthorized regimens 544 0.4 85.7 1.48 1.39 1.58**
Initial CD4 lymphocyte count (cells/mm3)

<200 33,327 26.0 82.7 1.33 1.31 1.35**
200–349 25,054 19.5 89.1 1.14 1.13 1.15**
350–499 26,329 20.5 91.6 1.07 1.05 1.08**
�500 43,650 34.0 93.2 ref

Initial VL count (copies/mL)

�100,000 117,864 91.8 91.9 ref

>100,000 10,496 8.2 82.6 1.39 1.38 1.40**
Active tuberculosis episode until suppression

No 122,014 95.1 90.2 ref

Yes 6,346 4.9 72.9 1.45 1.42 1.48**
Therapeutic regimen change before suppression

No 124,305 96.8 89.0 ref

Yes 4,055 3.2 100.0 1.45 1.42 1.49**
Adherence

�95% 54,618 42.5 92.6 Ref

80–95% 66,334 51.7 89.4 1.40 1.39 1.41**
(Continued)
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The variables were then analyzed in the multiple models (Table 3). The time ratios of indi-

vidual and facility-related variables in the multiple models followed the same direction as in

the bivariate models.

Among individual variables, the following were associated with longer time to VS: male sex;

age below 50 years; Black and Brown, race/skin color; education�11 years of schooling; thera-

peutic regimen 2NRTI + 1NNRTI; authorized special regimens or unauthorized regimens; ini-

tial CD4 count<500 cells/mm3; initial VL>100,000 copies/mL; active tuberculosis episode;

therapeutic regimen change; and treatment adherence<95%. Regarding the characteristics of

treatment facilities, PLWHA who received care in facilities in the North, Northeast, and Cen-

tral-West regions had a longer time to VS. The same was observed for PLWHA assisted by

facilities located outside the metropolitan region (TR = 1.06; 95% CI: 1.02; 1.10) and by facili-

ties attending <50 PLWHA (TR = 1.15; 95% CI: 1.05; 1.26).

Table 4 shows the difference in unexplained variability for each model. Model 2 showed the

lowest unexplained variability, which is consistent with its higher number of explanatory vari-

ables. The model adjusted for facility-related variables (model 3) exhibited the lowest ICC

(7.7%), indicating that this adjustment was able to reduce heterogeneity in time to VS. Further-

more, it was observed that 16.2% of the variability in time to VS was explained by individual

sociodemographic and clinical variables (model 2); however, 13.2% of this variability can be

explained solely by the facility-related variables. The log likelihood indicated that model 2 was

the best fit.

The results of the sensitivity analyses were consistent with the findings, showing small vari-

ations in effect estimates (S2 and S3 Tables).

Table 1. (Continued)

Variable Total % Bivariate

Suppression* Time Ratio LT HT

<80% 7,408 5.8 65.4 2.17 2.12 2.21**

* Chi-square p<0.05 for all variables

**P�0.001

https://doi.org/10.1371/journal.pone.0305311.t001

Table 2. Bivariate analysis of the time between treatment initiation and VS, according to facility-related variables.

Qualiaids-Brazil Cohort, 2015–2018 (N = 128,360).

Variable TR (95% CI)

Geographic region
Central-West 1.10[1.03;1.18]

North 1.13[1.06;1.21]

Northeast 1.14[1.09;1.19]

South 0.99[0.96;1.04]

Southeast Ref

Facility location (municipality)
Metropolitan region Ref

Other 1.09[1.05;1.12]

Number of patients served
�50 1.15[1.09;1.21]

51–500 1.03[0.98;1.07]

>500 Ref

https://doi.org/10.1371/journal.pone.0305311.t002
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Table 3. Results of hierarchically adjusted multilevel models for time to VS, according to individual and facility-related characteristics, Qualiaids-Brazil Cohort,

2015–2018 (N = 128,360).

Variable TR (95% CI)

M
od
el
1

M
od
el
2

Sex
Male ref

Female 0.91[0.90;0.92]

Age group (in years)
15–19 1.14[1.11;1.16]

20–29 1.08[1.07;1.10]

30–39 1.06[1.04;1.07]

40–49 1.03[1.02;1.05]

50–59 Ref

�60 0.97[0.95;1.00]

Race/skin color
White Ref

Black 1.04[1.02;1.05]

Yellow 1.01[0.97;1.06]

Brown 1.03[1.02;1.04]

Indigenous 1.17[1.07;1.27]

Education (in years of schooling)
None 1.18[1.14;1.21]

1–3 1.20[1.18;1.22]

4–7 1.15[1.14;1.16]

8–11 1.06[1.05;1.07]

�12 Ref

Initial therapeutic regimen
Preferred regimen (2017–2018: NNRTI+1INI) Ref

Preferred regimen (2015–2016: 2NRTI + 1NNRTI) 1.33[1.32;1.34]

Authorized special regimens 1.07[0.94;1.21]

Unauthorized regimens 1.23[1.16;1.31]

Initial CD4 lymphocyte count (cells/mm3)
�200 1.09[1.08;1.10]

200–349 1.09[1.08;1.10]

350–499 1.04[1.03;1.05]

�500 Ref

Initial VL count (copies/mL)
�100,000 Ref

>100,000 1.19[1.17;1.20]

Active tuberculosis episode until suppression
No Ref

Yes 1.10[1.08;1.12]

Therapeutic regimen change
No Ref

Yes 1.15[1.13;1.18]

Adherence
�95% Ref

80–95% 1.19[1.18;1.21]

<80% 1.83[1.79;1.86]

(Continued)
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Discussion

Among PLWHA participating in the Qualiaids-Brazil Cohort who initiated ART in SUS

healthcare facilities between 2015 and 2018, nearly 90% achieved VS, half of whom did so

within five months of treatment.

Individuals in the following categories had a higher proportion of VS during the cohort’s

time period: male sex, aged 50–59 years, white race/skin color, with�12 years of education,

initial treatment regimen NNRTI+1INI, initial CD4 lymphocyte count�500 cells/mm3, initial

VL count�100,000 copies/mL, without an active tuberculosis episode, without therapeutic

regimen change, with�95% adherence to treatment, and receiving clinical follow-up in facili-

ties located in the Southeast or South regions, in metropolitan areas, and in facilities serving

>500 PLWHA.

Individual variables accounted for most of the variability in time to VS; however, facility-

related variables also played a noteworthy role.

Regarding individual characteristics, there was an association with longer time to VS of

individuals of brown and black race/skin color, as well as those with lower education levels. In

Brazil, these characteristics are proxies for poorer social conditions [52]. This finding is consis-

tent with several international studies on ethnic and social disparities [53–56].

Table 3. (Continued)

Variable TR (95% CI)

M
od
el
3

Geographic region
Central-West 1.18[1.08;1.28]

North 1.20[1.11;1.30]

Northeast 1.20[1.14;1.16]

South 1.01[0.97;1.06]

Southeast Ref

Facility location (municipality)
Metropolitan region Ref

Other 1.06[1.02;1.10]

Number of patients served
�50 1.15[1.05;1.26]

51–500 0.96[0.89;1.04]

>500 Ref

Model 1 – sociodemographic characteristics; Model 2 – sociodemographic + clinical characteristics; Model 3 – facility-related characteristics.

All models were adjusted for the number of VL tests performed until VS.

https://doi.org/10.1371/journal.pone.0305311.t003

Table 4. Results of the random-effects analysis of models null through 3, Qualiaids-Brazil Cohort, 2015–2018 (N = 128,360).

Null Model Model 1 Model 2 Model 3

Random Variance (SE) 0.068 (0.004) 0.066 (0.004) 0.057 (0.003) 0.059 (0.003)

ICC 0.093 0.091 0.083 0.077

PCV ref 0.029 0.162 0.132

Log Likelihood -712903.7 -712188.3 -706630.4 -712830.4

SE: standard error; ICC: intraclass correlation coefficient; PCV: proportional change in variance

https://doi.org/10.1371/journal.pone.0305311.t004
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Social issues are intertwined with clinical issues. The study demonstrated that late diagno-

sis, with a low CD4 level (<200) and very high VL (>100,000), delays time to VS, echoing

numerous studies that associate these factors with negative outcomes. Since 2015, Brazil has

maintained a late diagnosis proportion of around 25% [8]. The trends observed in countries

with similar epidemic profiles also confirm the maintenance of late diagnosis proportions.

Globally, it is still observed that the proportion of people diagnosed late is changing little as the

effectiveness of ART continues to improve [10, 57–59].

In Brazil, especially, the second most important clinical condition associated with negative

outcomes is tuberculosis (TB). This situation is similar to that of low-income countries, where

TB is the leading cause of death among PLWHA, notably in the first year after diagnosis [60,

61]. Brazil is among the 12 countries with the highest global TB burden. Regarding coinfection

HIV and tuberculosis, it has the highest burden of those countries [62]. Coinfection with TB is

associated with lower CD4 levels and higher VL levels, underscoring the importance of HIV

treatment facilities in diagnosing and treating both latent and active tuberculosis [63, 64].

The negative impact on time to VS resulting from poor adherence to HIV treatment reaf-

firms numerous studies that, since the HIV treatment became available, have emphasized the

crucial role of promotion, monitoring, and support by treatment facilities for those with diffi-

culty in adhering to the prescribed regimen [65, 66].

The longer time to achieving VS among non-white individuals with lower education levels

follows the general trend highlighted in studies of mortality, late diagnosis, loss to follow-up,

and tuberculosis, reflecting social and ethnic inequality in the country. Despite significant

progress in addressing the HIV epidemic through free and universal access to high-effective-

ness care and medication across the country, the healthcare system has not successfully miti-

gated inequalities to achieved desired health outcomes, reflecting disparities in the allocation

and organization of treatment facilities. The higher concentration of facilities in the Southeast

and South regions and in metropolitan areas corresponds to the greater concentration of

PLWHA in these locations. Certainly, there is also a need for smaller facilities, particularly in

smaller cities within the regions. On the other hand, the allocation of facilities in both large

and small municipalities for a small number of patients (<50) appears to be problematic, sug-

gesting significant diversity of HIV care policies among municipal administrations [28, 67].

While certain geographical conditions may warrant the establishment of small-scale facilities,

evidence repeatedly shows a higher likelihood of negative outcomes in facilities with a reduced

number of patients [21, 68]. Balancing easy access to treatment with professional training and

organization therefore is an important priority to ensure appropriate quality of care. Dispari-

ties in the organization of HIV care at regional, district, and even municipal levels have been

highlighted in national studies [31–34, 69, 70].

The study revealed a significant flaw in the quality of the care provided by treatment facili-

ties: among PLWHA who achieved VS during the study period, 67.2% did not receive VL test-

ing within the timeframe specified by the protocol (66 days) [38]. The deficiency in

monitoring has been pointed out in studies of the records of two populous Brazilian states,

Minas Gerais [24] and Rio de Janeiro [47]. The issue appears to be predominantly organiza-

tional in nature rather than caused by supply of tests since data indicate high and uniform

availability of VL tests across the country’s public service network [33, 34]. On the other hand,

the request for VL tests and scheduling of follow-up appointments, lacks managerial mecha-

nisms, such as electronic control of appointment scheduling and tests rather than relying on

individual physician’s request tests. We suggested that this flaw in monitoring, translated into

longer-than-recommended intervals between tests, stems from the high demand for medical

appointments—a common issue in larger facilities—thus influencing physicians’ decisions

regarding test and appointment scheduling. Another possibility is that the longer intervals
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may be a recommendation from facility managers to alleviate the pressure of demand for

appointments. Detailed studies focusing on the organizational processes in treatment facilities

are needed to support interventions capable of improving this situation as quickly as possible.

Promptness in having the first VL test after treatment initiation is fully justified by the clini-

cal need for timely detection of viral failures and adherence issues [1, 71]. It may also operate

as an incentive to maintain adherence for those who achieve rapid VS [72, 73]. Proper VL

monitoring and rapid VS rate are indicators of quality of care [12].

The ability to quickly achieve VS is feasible given the effectiveness of available ART regi-

men, especially for those who initiate treatment with CD4>200 and low VL and maintain

good adherence. ART effectiveness has increased with widespread use of regimens containing

integrase inhibitors, especially dolutegravir [74], which is part of the recommended regimen

for treatment initiation in Brazil. There is also repeated evidence that rapid treatment initia-

tion accelerates time to VS [75, 76]. However, the time to initiation could not be addressed in

this study.

The median time to VS was 55 days for those who had the first VL test after starting treat-

ment within the established timeframe (66 days). The median is similar to that found in obser-

vational studies conducted in locations with a comparable epidemic profile to Brazil’s

(concentrated epidemic) and with free access to treatment, such as Atlanta, 2016 (57 days)

[77], and London, 2018 (56 days) [78].

Considering the importance of rapid suppression, Xia [54] and Dombrowski [12] suggested

that the treatment time parameter for estimating the "suppressed" bar of the cascade—usually

set at 12 months or, as in Brazil, at six months—be reduced to three months. They argue that

rapid initiation and the high efficacy of current ART shorten this time, as exemplified by stud-

ies that, using a VL threshold of<200 copies/mL in three months, found VS proportions of

37% [54] and 45% [17]. With a lower threshold of<50 copies/mL, the proportion of those

who achieved VS, in this study, within the shortest evaluated interval (66 days—27.5%) would

likely be higher if the monitoring protocol had been adhered to for most PLWHA. Among all

those who achieved VS and were tested within the first three months, VS rate was 36.1%, indi-

cating that it would be possible in Brazil to shorten the threshold to three months, even as an

incentive for improving VL monitoring.

This study was the first nationwide cohort, based on a longitudinal database, that analyzed

time to VS in PLWHA receiving treatment in the SUS. It was also one of the largest operational

cohorts in the international literature. The inclusion of the characteristics of healthcare facili-

ties in the analyses reinforces the study’s originality.

As time to VS may be influenced by the number of VL tests conducted during the period,

the inclusion of this variable in the analyses is also a strength to be noted.

Nonetheless, there are were limitations to our analysis. First, in the studied database there

was no explicit definition of the healthcare system in which PLWHA received care. Thus, a pre-

viously published standardized classification strategy, as defined in the methods section, was

employed to minimize that limitation. It should also be noted that the use of secondary sources

such as developed for operational purposes, involves inconsistencies and missing data, which

may lead to misclassification errors and underestimation of the measures of interest. However,

the definition of inclusion criteria sensitive to potential inconsistencies and the imputation of

data for relevant variables reduces the possibility of interference in the results [29].

This study of a large cohort of PLWA in Brazil was the first to analyze time to viral suppres-

sion and the first to include characteristics of healthcare facilities. The results strongly suggest

the need for more comprehensive longitudinal studies, including more individual and health

facilities characteristics, that can further contribute to healthcare policies for PLWHA in

Brazil.
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While acknowledging the limitations, the findings seem sufficient to indicate the urgency of

improving VL monitoring in the treatment facilities network across the country. This must be

carried out as part of a coordinated effort to provide more equitable access and capacity for

HIV facilities to optimize quality care and reduce time to viral suppression.
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Monitoramento Clı́nico do HIV 2022, Brası́lia - DF 2023

9. Haber N, Pillay D, Porter K, Bärnighausen T. (2016). Constructing the cascade of HIV care: methods for

measurement. Current opinion in HIV and AIDS, 11(1), 102–108. https://doi.org/10.1097/COH.

0000000000000212 PMID: 26545266

10. Crepaz N, Ruiguang SO, HALL HI. Estimated time from HIV infection to diagnosis and diagnosis to first

viral suppression during 2014–2018. AIDS (London, England). 2021 Nov 11; 35(13):2181. https://doi.

org/10.1097/QAD.0000000000003008 PMID: 34172670

11. Vourli G, Katsarolis I, Pantazis N, Touloumi G. HIV continuum of care: expanding scope beyond a

cross-sectional view to include time analysis: a systematic review. BMC Public Health 21, 1699 (2021).

https://doi.org/10.1186/s12889-021-11747-z PMID: 34535096

12. Dombrowski JC, Baeten JM. It’s Time to Make the Time to Viral Suppression After HIV Diagnosis a Met-

ric of HIV Care Success. J Infect Dis. 2019; 219(6):845–847. https://doi.org/10.1093/infdis/jiy539 PMID:

30304499

13. Shoemaker ES, Becker ML, Liddy CE, McClarty LM, Asghari S, Hurd J, et al. Creating clinical cohorts:

challenges encountered in two Canadian provinces. Healthc Policy. 2019; 15(1):10–8. https://doi.org/

10.12927/hcpol.2019.25942 PMID: 31629452

14. Liu J, Wilton J, Sullivan A, Marchand-Austin A, Rachlis B, Giles M, et al. Ontario HIV Epidemiology and

Surveillance Initiative (2019). Cohort profile: Development and profile of a population-based, retrospec-

tive cohort of diagnosed people living with HIV in Ontario, Canada (Ontario HIV Laboratory Cohort).

BMJ open, 9(5), e027325. https://doi.org/10.1136/bmjopen-2018-027325 PMID: 31133591

15. Bacon O, Chin J, Cohen SE, Hessol NA, Sachdev D, et al. Decreased Time From Human Immunodefi-

ciency Virus Diagnosis to Care, Antiretroviral Therapy Initiation, and Virologic Suppression during the

Citywide RAPID Initiative in San Francisco. Clin Infect Dis. 2021 Jul 1; 73(1):e122–e128. https://doi.org/

10.1093/cid/ciaa620 PMID: 32449916

16. Nanditha NGA, Dong X, Tafessu HM, Wang L, Lu M, Barrios R, et al. (2022). A province-wide HIV initia-

tive to accelerate initiation of treatment-as-prevention and virologic suppression in British Columbia,

Canada: a population-based cohort study. CMAJ open, 10(1), E27–E34. https://doi.org/10.9778/

cmajo.20210093 PMID: 35042692
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Cadernos de Saúde Pública, 20(Suppl. 2), S310–S321. https://doi.org/10.1590/S0102-

311X2004000800024

70. Nemes MIB, Melchior R, Basso CR, Castanheira ERL, Alves MTSSB, Conway S. The variability and

predictors of quality of AIDS care services in Brazil. BMC Health Serv Res 9, 51 (2009). https://doi.org/

10.1186/1472-6963-9-51 PMID: 19298679

71. Mugavero MJ, Napravnik S, Cole SR, Eron JJ, Lau B, Crane HM, et al. Viremia copy-years predicts

mortality among treatment-naive HIV-infected patients initiating antiretroviral therapy. Clin Infect Dis.

2011 Nov; 53(9):927–35. https://doi.org/10.1093/cid/cir526 Epub 2011 Sep 2. PMID: 21890751;

PMCID: PMC3189165.

72. World Health Organization. The role of HIV viral suppression in improving individual health and reducing

transmission: policy brief. ISBN 978-92-4-005517-9 electronic version.©World Health Organization

2023

73. Bouabida K, Chaves BG, Anane E. Challenges and barriers to HIV care engagement and care cascade:

viewpoint. Front Reprod Health. 2023 Jul 20; 5:1201087. https://doi.org/10.3389/frph.2023.1201087

PMID: 37547803

74. Meireles MV, Pascom ARP, Duarte EC, McFarland W. Comparative effectiveness of first-line antiretro-

viral therapy: results from a large real-world cohort after the implementation of dolutegravir. AIDS. 2019

Aug 1; 33(10):1663–1668. https://doi.org/10.1097/QAD.0000000000002254 PMID: 31082860

PLOS ONE Time to HIV viral suppression in public care sites in Brazil

PLOS ONE | https://doi.org/10.1371/journal.pone.0305311 November 20, 2024 18 / 19

https://doi.org/10.1089/apc.2018.0097
http://www.ncbi.nlm.nih.gov/pubmed/30277815
https://doi.org/10.2807/1560-7917.ES.2015.20.47.30070
https://doi.org/10.2807/1560-7917.ES.2015.20.47.30070
http://www.ncbi.nlm.nih.gov/pubmed/26624933
http://doi.org/10.1186/s12889-021-10421-8
https://doi.org/10.1016/S1473-3099(19)30695-4
https://doi.org/10.1016/S1473-3099(19)30695-4
http://www.ncbi.nlm.nih.gov/pubmed/32178764
https://doi.org/10.1186/s41182-021-00320-4
https://doi.org/10.1186/s41182-021-00320-4
http://www.ncbi.nlm.nih.gov/pubmed/33883022
https://doi.org/10.1590/1518-8345.1187.2798
http://www.ncbi.nlm.nih.gov/pubmed/27627120
https://doi.org/10.1371/journal.pone.0207859
http://www.ncbi.nlm.nih.gov/pubmed/30462733
https://doi.org/10.1177/2049936120901395
http://www.ncbi.nlm.nih.gov/pubmed/32010443
https://doi.org/10.1007/s12325-021-01883-8
http://www.ncbi.nlm.nih.gov/pubmed/34390465
https://equipequaliaids.wixsite.com/qualiaids/publica%C3%A7%C3%B5es
https://doi.org/10.1093/cid/civ719
http://www.ncbi.nlm.nih.gov/pubmed/26423383
https://doi.org/10.1590/S0102-311X2004000800024
https://doi.org/10.1590/S0102-311X2004000800024
https://doi.org/10.1186/1472-6963-9-51
https://doi.org/10.1186/1472-6963-9-51
http://www.ncbi.nlm.nih.gov/pubmed/19298679
https://doi.org/10.1093/cid/cir526
http://www.ncbi.nlm.nih.gov/pubmed/21890751
https://doi.org/10.3389/frph.2023.1201087
http://www.ncbi.nlm.nih.gov/pubmed/37547803
https://doi.org/10.1097/QAD.0000000000002254
http://www.ncbi.nlm.nih.gov/pubmed/31082860
https://doi.org/10.1371/journal.pone.0305311


75. Michienzi SM, Barrios M, Badowski ME. Evidence Regarding Rapid Initiation of Antiretroviral Therapy

in Patients Living with HIV. Curr Infect Dis Rep 23, 7 (2021). https://doi.org/10.1007/s11908-021-

00750-5 PMID: 33824625

76. Eshleman SH, Wilson EA, Zhang XC, Ou SS, Piwowar-Manning E, Eron JJ, et al. Virologic outcomes in

early antiretroviral treatment: HPTN 052. HIV Clin Trials. 2017 May; 18(3):100–109. https://doi.org/10.

1080/15284336.2017.1311056 Epub 2017 Apr 7. PMID: 28385131

77. Colasanti J, Sumitani J, Mehta CC, Zhang Y, Nguyen ML, Del Rio C, et al. Implementation of a Rapid

Entry Program Decreases Time to Viral Suppression Among Vulnerable Persons Living With HIV in the

Southern United States. Open Forum Infect Dis. 2018 Jun 28; 5(6):ofy104. https://doi.org/10.1093/ofid/

ofy104 PMID: 29992172; PMCID: PMC6022569.

78. Girometti N, Lander F, McOwan A, Nwokolo N, Boffito M, Whitlock G. and (2020), Rapid ART start in

early HIV infection: Time to viral load suppression and retention in care in a London cohort. HIV Med,

21: 613–615. https://doi.org/10.1111/hiv.12900 PMID: 32869951

PLOS ONE Time to HIV viral suppression in public care sites in Brazil

PLOS ONE | https://doi.org/10.1371/journal.pone.0305311 November 20, 2024 19 / 19

https://doi.org/10.1007/s11908-021-00750-5
https://doi.org/10.1007/s11908-021-00750-5
http://www.ncbi.nlm.nih.gov/pubmed/33824625
https://doi.org/10.1080/15284336.2017.1311056
https://doi.org/10.1080/15284336.2017.1311056
http://www.ncbi.nlm.nih.gov/pubmed/28385131
https://doi.org/10.1093/ofid/ofy104
https://doi.org/10.1093/ofid/ofy104
http://www.ncbi.nlm.nih.gov/pubmed/29992172
https://doi.org/10.1111/hiv.12900
http://www.ncbi.nlm.nih.gov/pubmed/32869951
https://doi.org/10.1371/journal.pone.0305311

