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It is unknown whether HTLV-1/2 prevalence has been stable or changing with time in Brazil. We present a 10-year (2007–2016) analysis of HTLV-1/2 infection in first-time blood donors from four blood banks in Brazil. The Brazilian blood centers participating in this multicenter Recipient Epidemiology and Donor Evaluation Study (REDS) are located in Recife in the Northeast and in São Paulo, Rio de Janeiro and Belo Horizonte located in the Southeast of the country. A previous REDS study using the same database from 2007 to 2009 showed that the prevalence per 100,000 donors was 222 in Recife, 83 in Belo Horizonte and 101 in São Paulo. From 2007 to 2016, HTLV-1/2 prevalence was calculated by year, blood center and birth cohort. Covariates included age, gender, schooling, self-reported skin color and type of donation. From 1,092,174 first-blood donations, in the general analysis, HTLV-1/2 infection predominated in females, donors over 50 years of age, black skin color and less educated. The average prevalence was 228 per 100,000 donors in Recife, 222 in Rio de Janeiro, 104 in Belo Horizonte and 103 in São Paulo. In the 10-year analysis, HTLV-1/2 prevalence was stable, but a trend was observed toward an increase in HTLV-1/2 infection among younger people (p < 0.001), males (p = 0.049), those with white skin color (p < 0.001), and higher education (p = 0.014). Therefore, this 10-year surveillance of the infection showed stable HTLV-1/2 prevalence overall but a trend toward increased prevalence among the younger and more educated donors despite Brazilian policies to control sexually transmitted infections being in place for more than 10 years.
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INTRODUCTION

Screening for HTLV-1/2 was introduced in Brazilian blood banks in 1993. In the routine of blood banks, all candidates for blood donation undergo pre-donation screening, which includes a questionnaire with their health history and a brief physical examination followed by serological and molecular tests for infections susceptible to transmission by blood. All serological results are recorded in databases in each blood center under the recommendation of the Ministry of Health, Brazil. Ongoing monitoring of infectious diseases markers in the blood donor population places blood banks in a privileged position to observe infection trends in the population (1). Modifications in the rates of infectious diseases in donors may be an indication of changes in the general population thus enabling new strategies to attract safe donors (2, 3).

Regarding HTLV-1/2 prevalence in blood donors in Brazil, Catalan-Soares et al. conducted in the year 2000 a pioneering epidemiological survey in all Brazilian states. It showed that HTLV-1/2 had a heterogeneous geographical distribution in which there was a predominance of infection in the Northern/Northeastern regions, intermediate prevalence in the Southeast and a lower prevalence in the Southern region (4). Later, Carneiro-Proietti et al. confirmed with data from 2007 to 2009 that the prevalence rates of HTLV-1/2 differed among the regions of the country, with the highest rate in the Northeast.

The safety of the blood supply has been a concern and it was reinforced by the change in the donor profile triggered by the onset of the HIV epidemic. Since 1989, a study has been carried out in the United States of America, the Retrovirus Epidemiology Donor Study (REDS), funded by the National Heart, Lung, and Blood Institute (NHLBI) of the National Institutes of Health (NIH) (5). Since 2006, REDS has been conducted in the US and internationally in Brazil. The Brazilian transfusion safety research program consider as one of its main objectives the safety of the blood and its products in the context of HIV/AIDS, HTLV-1/2, and other infectious diseases transmitted through it. In Brazil, the REDS project was established initially in four blood centers located in different regions of the country, including Pernambuco State in the Northeastern region and São Paulo, Rio de Janeiro, and Minas Gerais States in the Southeastern region. Recently, REDS expanded to the Amazonas State in Northern region (6).

We present here the results of a 10-year collaborative study (2007–2016) of HTLV-1/2 infection screening in first-time donors, utilizing the REDS database covering four Brazilian blood centers that have been participating in the REDS project during this period.



MATERIALS AND METHODS


Study Design

This study has an observational design; the database was set up by the REDS program in a study carried out by four large Brazilian blood centers located in state capitals Recife (Pernambuco State), Rio de Janeiro (Rio de Janeiro State), Belo Horizonte (Minas Gerais State), and São Paulo (São Paulo State). The database contains consolidated information recorded by computer systems in the participant blood banks, encompassing all steps of the donation process, from the donor registration at the time of donation to the release of the serological results.



Participants

We studied all eligible, first-time blood donors from January 1st, 2007, to December 31, 2016 at the four participating Brazilian blood centers. To be eligible, the candidate had to be approved as a blood donor, according to the standard operating procedures of the blood centers, which comprise the clinical screening and blood collection. There were no other exclusion criteria. Donors were classified as community or replacement donors according to their declaration at registration as to whether they came to donate as a voluntary, community donor or in the name of a specific patient (to “replace” the blood he might need).



Serological Tests

The serum samples used in the present study were tested using the immunoenzymatic assay (EIA) for HTLV-1/2 detection (Ortho HTLV-I/HTLV-II Ab-Capture ELISA test system, Raritan, New Jersey, United States of America, or Abbott Murex HTLV I + II, Dartford, United Kingdom).

The reactive samples were sent to the central laboratory of this study, in São Paulo, for the second EIA using a kit that was different from the one used in the assay in the serological screening of the blood bank where the first sample came from (BioMérieux, Vironostika I/II, Boxtel, Netherlands; Ortho, Pencoed, England or Abbott Murex, Illinois, United States of America). A positive result was defined as a serum testing reactive in two different EIA assays. The subset of reactive samples in the first EIA and non-reactive or borderline in the second assay, performed in São Paulo, were retested at the blood bank of origin using a Western blot (WB) MP Diagnostics HTLV Blot. Western blot results were considered positive when they showed reactivity to gag (p24 or p19) and env (GD21) proteins. Reactive samples for rgp46I and rgp46II were considered HTLV-1, and HTLV-2, respectively. The absence of bands characterized the WB as negative. The presence of isolated bands characterized indeterminate WB result. If the sample was positive in WB assay, the donor was considered reactive for HTLV-1/2.



Statistical Analysis

Statistical analysis was performed using the R statistics version 4.0.5 program (R Core Team: R Foundation for Statistical Computing. Vienna, Austria, 2021). The characteristics of the HTLV-1/2-infected blood donor included year of donation, age, gender, education, self-reported skin color, type of donation. The analysis considered the comparison of these characteristics and of the prevalence among the four participant blood centers.

The prevalence of HTLV-1/2 and 95% confidence intervals (CI) was calculated for first-time donors per year. For cases in which the result of the second test was classified as indeterminate WB, the probability of a positive result was applied to impute cases as either positive or negative. We define a positive ratio as the number of positive results in the first and second tests divided by the total number of units tested in the first test. We applied this positive ratio to define the positivity of the samples that were undefined by the WB. The prevalence was calculated as the number of positive HTLV1/2 result after the imputation divided by the number of donors, multiplied by 100,000. The comparison of prevalence between the years 2007 and 2016 was performed using the comparison of proportions test. To assess trends in the prevalence over the years, the univariate Poisson model was used. The frequency was considered to estimate the prevalence and, to analyze the birth cohort effect, the donors were stratified into five birth cohort groups: (1) born before 1980, (2) born between 1980 and 1984, (3) born between 1985 and 1989, (4) born between 1990 and 1994, and (5) born after 1995.

The association between qualitative variates was evaluated using the Chi-Square test. The level of significance considered was 5%.



Ethical Aspects

The study protocols were approved by the National Research Ethics Commission of the Ministry of Health in Brazil (Number: 13236), as part of the International REDS Program, and by the local ethical committees in each blood center. In addition, it was also approved by the Institutional Review Board (IRB) of the University of California San Francisco, USA (Number: IRB# H5866-28606 and IRB# 11-05195).




RESULTS

From 2007 to 2016, a total of 1,092,174 first-time blood donations were received in the four participating centers. São Paulo represents the largest and more populated Brazilian capital. Therefore, the majority of the donations came from São Paulo, representing 36.5% of analyzed donations. Table 1 shows the donations included in the study by year and by blood center.


Table 1. Number of first blood donations that were collected from January 2007 to December 2016, by year of collection, birth cohort, and blood center location.
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Figure 1 shows the prevalence of HTLV-1/2 by year and blood center over the 10-year period. HTLV-1/2 average prevalence [per 100,000 donors (95%CI)] was higher in Recife [228.3 (211.5; 245.1)] and Rio de Janeiro [222.0 (197.4; 246.6)], in relation to Belo Horizonte [103.7 (90.6; 116.8)] and São Paulo [103.3 (93.3; 113.4)]. In 2015, a peak of HTLV-1/2 infection was detected in first time blood donors in Belo Horizonte.


[image: Figure 1]
FIGURE 1. HTLV-1/2 prevalence in first-time donors per 100,000 donors per year and by blood center (2007–2016). Poisson model. Rio de Janeiro entered into the REDS study in 2012.


Figure 2 shows the effect of the birth cohort in relation to the prevalence of HTLV-1 and the aging led to an increase in the prevalence for each birth group (p < 0.001; Table 1).


[image: Figure 2]
FIGURE 2. HTLV-1/2 prevalence by age and birth cohort. Dots and lines of differing color indicate birth cohorts as specified under the figure.


In order to disclose variations and possible trends over the period regarding the HTLV-1/2 prevalence in relation to gender, age, schooling, skin color, and type of donation, we presented the 10-year data and compared the HTLV-1/2 prevalence of 2007 and 2016 regarding the covariates (Table 2).


Table 2. Comparative analysis of HTLV-1/2 prevalence (per 100,000) among first-time blood donors in the years 2007 and 2016 regarding gender, age groups, schooling, skin color, and type of donation.
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The analysis by gender showed that HTLV-1/2 prevalence was higher among women (Table 2), although there was a longitudinal progressive increase among men (Figure 3).


[image: Figure 3]
FIGURE 3. Prevalence per 100,000 donors per year and gender. There was a significant increasing trend for men (p = 0.049), Poisson model.


In relation to age groups, during the 10-year period, there was a trend toward an increase in the seropositivity for individuals under 20 years of age (p = 0.014) and between 20 and 29 years of age (Figure 4).


[image: Figure 4]
FIGURE 4. Prevalence per 100,000 donors per year and age group. There was a significant increasing trend for groups <20 years (p = 0.014), 20–29 years (p < 0.001), in the Poisson model.


Regarding educational attainment, the 10-years analysis showed an increasing trend in the HTLV-1/2 seropositivity for the lowest level (p < 0.001) and for the highest level of education (Figure 5).


[image: Figure 5]
FIGURE 5. Prevalence per 100,000 donors per year and education level. There was a significant increasing trend for HTLV-1/2-infected donors who studied less than high school (p < 0.001), up to high school (p < 0.001), and higher or more (p = 0.014), in the Poisson model.


Regarding the self-declared skin color, black skin color predominated in the general analysis (p = 0.045; Table 2) and a stronger trend in the HTLV-1/2 seropositivity was observed in people with white skin color (p < 0.001) compared to black skin color (p = 0.023) during the 10-year period (Figure 6).


[image: Figure 6]
FIGURE 6. Prevalence per 100,000 donors per year and skin color. There was a significant increasing trend for blacks (p = 0.023) and whites (p < 0.001) in the Poisson model.


Regarding the type of donation, replacement donors had higher HTLV-1/2-seroprevalence when compared to community donors (Table 2). Both types of donors showed a trend of increased seropositivity over the years (Figure 7).


[image: Figure 7]
FIGURE 7. Prevalence per 100,000 donors per year and type of donor. There was a significant upward trend for both groups, including community donors (p = 0.025) and donors of replacement (p < 0.001) in the Poisson model.


In Table 3, we presented the HTLV1/2 prevalence by blood center and covariates. Females were more frequent in Belo Horizonte (60.6%) and São Paulo (61.5%) when compared to Recife (59.3%) and Rio de Janeiro (56.3%). Infected individuals with upper education were more frequent in São Paulo and Rio de Janeiro (< 0.001). In relation to skin color, the prevalence of people who self-reported black skin and mixed skin was higher in Recife in comparison to Rio de Janeiro and São Paulo (< 0.001). Regarding the type of donation, the rates of community donors vs. donors of replacement varied, and Rio de Janeiro and São Paulo presented the larger number of infected individuals who were community donors, which means individuals who come spontaneously to donate. Supplementary Table 1 shows the prevalence of all the covariates per year.


Table 3. HTLV-1/2- prevalence (95% confidence interval) from 2007 to 2016 (10 years) in the four participating blood banks.
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DISCUSSION

The analysis of a 10-year HTLV-1/2 surveillance in four blood centers in Brazil representing the Northeastern and Southeastern regions, which are the most populous in the country, showed that overall HTLV-1/2 prevalence has been stable from 2007 to 2016. However, during the period, there was an increase in HTLV-1/2 seropositivity among male, white skin color, more educated people and younger aged. The same trend was detected in the four blood centers (Table 3). This occurred despite blood bank policies in place since 1993 to safeguard blood transfusions from HTLV-1/2 infection as well as the public health policies aiming at the reduction of sexually transmitted infections (STIs). In Brazil, there are about 800,000 people infected by HTLV-1/2 and, certainly, the country represents one of the largest endemic areas worldwide (7, 8).

When we compared our results encompassing data from 2007 to 2016 with those published by REDS with data from 2007 to 2009 regarding the same blood banks and using the same diagnostic algorithm presented here, it is evident that the prevalence barely changed (1). This previous REDS study showed that the prevalence per 100,000 donors was 222 in Recife, 83 in Belo Horizonte and 101 in São Paulo (1). However, after the first decade of HTLV-1/2 screening in blood banks, a reduction in the prevalence of HTLV-1/2 occurred when comparing the REDS results with data from 1995 to 2000 in the Brazilian national seroprevalence study in blood centers, but done without the use of confirmatory testing and based on an EIA (4). Based on data of all the Brazilian States and the Federal District, the prevalence per 100,000 blood donors was 750 in Recife, 470 in Rio de Janeiro, 660 in Belo Horizonte, and 320 in São Paulo (4). Although the comparison of the prevalence presented in these two studies has been hampered by divergent methods of testing, there was a reduction in rates in all capitals, as expected (1, 4). The implementation of public health policies to control blood-borne diseases certainly influenced this decline.

HTLV-1/2 prevalence has been falling in other HTLV-1/2-endemic countries. A study carried out from 2000 to 2006 with data from blood donors in Nagasaki, an endemic area for HTLV-1/2 in Japan, demonstrated a reduction in the prevalence of HTLV-1/2 among people born after 1987 and the persistence of high prevalence among those born before 1960. The reasons for this declining trend in the prevalence of HTLV-1/2 include social changes over the years, such as decreased duration of breastfeeding, increased frequency of artificial feeding, migrations and common use of condoms by younger people in endemic areas (9). However, in the last two decades, the estimated number of HTLV-1 carriers has not dropped much (10).

Regarding gender, the overall prevalence in females was higher, which is a feature of HTLV-1/2 infection already known in Brazil and worldwide (1, 7, 11). The transmission has been considered to be more effective in the male-female direction during sexual intercourse (12, 13). The analysis of the 10-year period showed an increasing trend in male prevalence, which must be analyzed considering that if, on the one hand, candidates for blood donation are predominantly men, on the other hand, this preponderance has always been the same in the blood banks in an epidemiological context of higher prevalence of HTLV-1/2 in female blood donors. Thus, there seems to be occurring a change in the profile of the individual infected with HTLV-1/2 (p = 0.049; Figure 3).

The distribution of donors by age group was similar in the four capitals and the HTLV-1/2 prevalence increased with age, which is another known epidemiological feature of HTLV-1/2 infection and previously attributed to a birth cohort effect (1, 11, 14). We confirmed in the birth cohort analysis that the prevalence of HTLV-1/2 increased with the aging of the population (Figure 2).

The age group analysis during the 10-years period showed a trend toward an increase in prevalence of people under the age of 29, which suggests recent transmission by sex (Figure 4). Injection drug use is a possibility for increasing HTLV-1/2 but probably unlikely in the blood donor population. The recent recrudescence of syphilis and an increase in HIV prevalence among young people in Brazil corroborate the hypothesis of sexual transmission (15, 16). A study carried out in São Paulo found that a large percentage of adolescents has not learned about safe sexual behavior (17). Another study comprising 1,208 young people interviewed in the survey “Youth, Behavior and STD/AIDS” showed that 4 out of 10 Brazilian citizens aged between 18 and 29 years admitted that they did not use condom in their last sexual intercourse (18). Undoubtedly, unsafe sex among young people is an important risk factor for ISTs, which have been increasing in this age group in the last two decades in Brazil. In fact, despite social dissemination of information about sex education, it seems that the target population has not yet been effectively reached. Similarly, in Japan, despite preventive measures, the rate of infection in young men has been increasing in non-endemic areas comparing to endemic, which suggest that horizontal transmission among adolescents and adults has been happening (10).

Educational status varied among the centers, with São Paulo and Rio de Janeiro presenting a higher prevalence of HTLV-1/2-positive donors with more years of schooling (Table 3). This reflects the better economic conditions of these two capitals, which influences the access to education. It is noteworthy that São Paulo had the largest increase in HTLV-1/2 prevalence (43.1%) comparing 2007 and 2016 (Table 2). The other capitals presented a minimal increase in HTLV-1/2 prevalence (Belo Horizonte) or a decrease (Recife and Rio de Janeiro). Prospective blood donors in São Paulo have been shown to withhold information in the pre-donation interview in order to have access to free testing for sexually transmitted infections (19). The 10-years analysis about education (Figure 5) showed an ascendant line in HTLV-1 prevalence for either low or high schooling, which may indicate that educational policies in Brazil have not led to changes in sexual behavior.

Socio-economical vulnerability has largely been correlated with HTLV-1/2 infection (20–24), something which was confirmed in the present study. Several publications have reported that the indicators of more vulnerable socioeconomic markers, such as less formal education and black skin color, are associated with increased HTLV-1/2 prevalence in endemic and non-endemic areas (20, 24, 25). In addition, the higher HTLV-1/2 prevalence among self-declared black people found in the present study has already been reported and it is possibly due to the African origin of HTLV-1/2 and its dissemination to Brazil via slave trade (1).

Regarding the type of donor, we found a higher prevalence of replacement donors when compared to community donors among the HTLV-1/2-positive individuals. Donors of replacement have been reported to have a higher prevalence of several viral markers, including HTLV-1/2 infection (26).

Our study has limitations. We confirm the higher prevalence of HTLV-1/2 in Recife and Rio de Janeiro compared to São Paulo and Belo Horizonte (1), although statistics for Rio de Janeiro were only available for 2012–2016 because Rio de Janeiro entered the REDS program in 2012. Regarding the prevalence during the period, Belo Horizonte presented an isolated peak of infection in 2015 (Figure 1), which can be explained by a change of reagent lots in this blood center that occurred during the months of August and September coinciding with the peak in prevalence. We suspect that the corresponding increase in HTLV-1/2 seropositivity was due to either increased sensitivity or reduced specificity of the new assay. The circumstance that gives support to this inference is that the changing in the lots resulted in the normalization of the current prevalent value. The lack of HTLV-1/2 confirmatory testing is another limitation, although we agree that a dual EIA testing strategy is an acceptable alternative for an epidemiological study.

In conclusion, STIs have been considered a serious public health problem in Brazil due to their widespread occurrence, lack of symptoms and concurrent transmission of HIV. We believe that HTLV-1/2 infection deserves more attention within STIs prevention efforts since the current profile of the infected population includes younger people, indicating an increase in recent infection.
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P-value refers to Chi-Square test.

*Rio de Janeiro was included in REDS program in 2012. So, donations included the period 2012-2016.
“There were 9,821 records missing the birth age.
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“Indicate the prevalence with significative dilference compared to Recife prevalence
(reference). P-value was omitted because it would be a P-value for each comparison
of each center with the reference (Recife).
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