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THE PREVALENCE AND INCIDENCE OF HIV MOLECULAR VARIANTS, AND 
THEIR CORRELATION WITH RISK BEHAVIORS AND HIV TREATMENT IN 
BRAZILIAN BLOOD DONORS

Abstract.     
Establishing and monitoring viral prevalence and incidence rates, and identifying behavioral risk 
behaviors for HIV incidence among donors, are critical steps to assessing and reducing risk of 
HIV transmission through blood transfusion. Identifying donation samples from donors with 
recent HIV infection is particularly critical as it enables characterization of the viral subtypes 
currently transmitted within the screened population and hence most likely to "break-through" 
routine screening measures (i.e., peri-seroconversion window period donations). In addition to 
characterizing genotypes of recently infected donors for purposes of blood safety, molecular 
surveillance of incident HIV infections in blood donors enables documentation of the rates of 
primary transmission of anti-viral drug resistant strains in the community, and serves a public 
health role in identifying new HIV infections for anti-retroviral treatment. We propose both 
prospective surveillance and a case-control design to enroll all eligible HIV seropositives 
detected at our three blood centers plus our satellite center in Rio de Janeiro, and compare their 
epidemiological risk profiles with a group of randomly selected seronegative donors.  Aim A. We
will perform laboratory studies (LS-EIA testing and sequencing of pol region) on linked 
specimens from all enrolled HIV cases, which will allow for estimation of HIV prevalence and 
incidence relative to genotype and putative route of infection. Aim B. A case control study will 
yield self-reported data on HIV risk behaviors among prospective donors that will be used 1) as 
covariates in the molecular surveillance analyses described above; and 2) to suggest 
modifications to current operational donor screening questionnaire. Finally, data from Aim C on 
molecular genotype, drug resistance genotype, will be provided, along with counseling, to all 
enrolled HIV positive donors to facilitate their clinical care via referral to the Brazilian national 
HIV treatment system.  Our findings will be compared to trends in prevalence, incidence and 
molecular variants from studies of the general population and high risk populations in Brazil, thus
allowing for broad monitoring of the HIV epidemic in Brazil and assessment of the impact of 
donor selection criteria on these parameters.

Specific Aims.

Aim A.   Determine the prevalence and incidence of HIV among blood donors according to 
demographic and donation characteristics, and use incidence data to project residual risk of
transfusion-transmitted HIV and impact of implementation of NAT screening. 

Hypotheses:  Prevalence and incidence rates previously documented among Sao Paulo 
donors will be similar in other regions of Brazil, including increased HIV rates and 
transfusion risk for community relative to replacement donors.  The low predicted yield 
of NAT screening will be confirmed on a national level, supporting decisions to focus on 
improved donor selection and serological screening rather than implementing NAT with 
its very high cost and poor cost effectiveness.   

Aim B.  Determine risk factors associated with HIV infection among volunteer and 
replacement blood donors in Brazil.  

Hypothesis:  Male-to-male sex, having multiple heterosexual partners, and to a lesser 
extent injection drug use (IDU), are the predominant risk factors for HIV in Brazil.
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Aim C. Determine HIV subtype, drug resistance profile, among HIV positive donors 
according to HIV infection status (recent vs long-standing), year of donation and site of 
collection, and risk behaviors, and provide results to the subjects as part of their referral to 
HIV clinical care. 

Hypothesis:  There will be clinically relevant increases in the diversity of HIV subtypes 
and increasing rates of primary drug resistance among recently infected donors in all 
three study regions.   Non-B subtypes and drug resistant strains will be seen in recently 
infected persons from all risk factor categories. 

Background. 
  
AIDS epidemic in Brazil.
Brazil had 362,364 reported cases of AIDS as of June 2004, the second highest number of cases 
in the Americas, exceeded only by the United States.1 The Brazilian National Program on HIV-
1/AIDS estimates that 597,000 people in Brazil are infected with HIV-1. Since 1996, the AIDS 
incidence rate has stabilized at around 15/100,000 inhabitants/year. The World Bank classifies 
the Brazilian epidemic as “concentrated”, defined as prevalence greater than 5% in one or more 
specific sub-populations. São Paulo, Rio de Janeiro and Minas Gerais States are responsible for 
230,399 (64%) of the Brazilian cases. The figure below shows the cumulative number of AIDS 
cases reported in Brazil , by year and region.

Data on gender, level of education and area of residence of newly reported AIDS cases indicate 
that the epidemiological profile of
the AIDS epidemic in Brazil has
been changing dramatically over
time.2,3 In the initial years of the
epidemic, nearly 100% of the cases
occurred among men who have sex
with men (MSM) and among
individuals who had an education
and income level above the national
average.1 In the last decade,
however, the epidemic has been
disseminating, with an increasing
impact on women and the poor throughout the country.2 Heterosexual transmission is now the 
major route of infection, accounting for 57% of cases, followed by transmission through sexual 
activities among MSM and injection drug use. 

Regarding clinical relevance of the proposed research, the Brazilian public health authorities have
been responsive to the HIV epidemic, with prevention campaigns, provision of condoms, 
alternative testing sites, and most notably, the implementation of universal access to anti-
retroviral treatment (see more below).4 These actions are considered to have forestalled a more 
significant epidemic among a young, low socioeconomic status population.  However spread of 
the HIV epidemic into the heterosexual population makes identification of newly infected persons
more difficult.  Blood banks can play an important role in this effort due to HIV testing of large 
numbers of a young, otherwise healthy population.

Blood safety regarding HIV in Brazil.
Until 1980, blood transfusions in Brazil were mainly performed by private blood centers. Paid 
donations were a common practice, and there was no federal law regulating blood bank 
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operations. With the onset of the AIDS epidemic, blood collection practices became an important 
political issue and the Brazilian Ministry of Health initiated a program to develop an 
infrastructure for the supervision of Brazilian blood banks.5,6 Universal screening of blood donors
for HIV antibody was instituted in Brazil in 1988.7  Public blood centers were created in all States
of Brazil, and although they were under State administration, Federal funds were made available 
to them. Periodic updates to transfusion safety regulations were promulgated.8

Other measures to safeguard the blood supply, including increasing the proportion of volunteer 
donors and individual interviews and deferral of donors with HIV risk factors have been put in 
place. At Fundacão Pro Sangue/Hemocentro Sao Paulo (FPS/HSP) the percentage of repeat 
donors increased from 22% to 48% from 1995 to 2001, and altruistic donors increased from 20% 
to 57% from 1995 to 2001.9 While considered a successful response to WHO and PAHO blood 
safety recommendations, no study has yet been performed to understand the composition of the 
newly recruited volunteer donors.  Indeed, their higher HIV prevalence compared to 
contemporary replacement donors raised questions about HIV test-seeking.  Understanding the 
HIV risk behaviors among these altruistic voluntary donors may allow other blood banks in 
Brazil to develop more focused intervention strategies to preventing unnecessary expenditures in 
blood donation processing.  

Although technically recommended by the Brazilian Government, lack of funds and the poor 
cost-benefit ratio of HIV nucleic acid testing (NAT) have delayed its implementation in this low 
to middle income country.  Even if NAT were to be implemented, the residual risk of HIV 
infection would still be substantially higher than in the USA.  Additional measures towards safe 
donor recruitment and deferral are therefore essential in further reducing the risk of transfusion-
transmitted HIV infection.  The Brazilian Health Ministry does recommend a number of HIV risk
factor questions in the standard blood donor questionnaire,8 but the effectiveness of these 
questions, and the extent to which HIV test-seeking donors may circumvent these questions, are 
unknown.  Only preliminary studies of the HIV risk factor profiles have been accomplished 
among Brazilian blood donors.10.11

HIV subtypes and drug resistance in Brazil.       
Monitoring the genetic diversity of HIV-1 in Brazil is important to understand the molecular 
epidemiology and spread of the epidemic. The genetics of the virus can be used to track the 
movement of HIV-1 into new groups or new at-risk populations. It is also conceivable that the 
diversity of the virus may impair the immune response to candidate vaccines, cause false negative
results in blood screening, diagnostic and monitoring laboratory tests (e.g. especially viral load 
assays targeting nucleic acids),12,13 and lead to differences in the observed disease progression14,15 
and therapeutic response.16

The predominant HIV-1 clade in Brazil is B (~70%), but unlike the U.S., Brazil also has 
appreciable numbers of HIV-1 infections caused by clades F (~15%), C (~3%), and recombinant 
forms (~12%).17-20 Furthermore, approximately 50% of the clade B strains circulating in Brazil 
comprise a cluster of genetically and antigenically distinct strains relative to the US clade B 
strains.21 

HIV/AIDS health care in Brazil is provided by the state to all HIV infected individuals. As early 
as 1991, the Brazilian Ministry of Health provided antiretroviral (ARV) drugs through its 
extensive public health system. In 1996 a law was enacted guaranteeing free access of 
antiretroviral therapy to all Brazilians who required treatment, according to Brazilian guidelines.  
The widespread use of ARV has led to a decline in AIDS related mortality in Brazil.22,23 However,
it is expected that the proportion of patients experiencing virologic failure and consequently 
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harboring resistant strains will increase in time. Depending on the behavioral characteristic of 
these individuals, transmission of drug resistant strains may occur with increased frequency.24 
The transmission of resistant variants to uninfected individuals raises serious clinical and public 
health consequences and may dramatically impair the capacity of treating HIV in the near 
future.57,58

Studies evaluating the prevalence of drug-resistant virus among recently infected individuals are 
thus extremely important in Brazil.  In a recent survey, developed by the Brazilian Ministry of 
Health Program and including 535 patients from the entire country, the frequency of primary 
resistance was low, 4.42% for nucleoside reverse transcriptase inhibitors (NRTI) and non-
nucleoside reverse transcriptase inhibitors (NNRTI) and 2.24% for protease inhibitors 20 (Dr 
Sabino was a co-investigator on this project).  More recently, Sucupira and colleagues analyzed 
75 drug naïve HIV positive individuals in the city of Santos and found 21 (28%) harboring 
resistant strains, raising grave concern that in certain areas of Brazil drug resistant strains may be 
rapidly increasing.27

Significance. 
 
Defining prevalence and incidence in blood donors and residual risk of HIV transmission by 
transfusions in Brazil may lead to new regulatory laws for introduction of new blood safety 
initiatives in Brazil.  The data can be used to project the yield, safety impact and cost 
effectiveness of implementing enhanced testing strategies such as combination antigen-antibody 
assays and/or NAT.  Determination of HIV risk factors in donors (first time versus repeat donor 
status; volunteer versus replacement status; demographics and risk behaviors) will support policy 
discussions over strategies to recruit the safest possible donors in Brazil, and will also yield 
significant information for HIV surveillance in Brazil when combined with prevalence and 
incidence data derived from general populations and high risk surveillance studies. The 
identification of incident HIV infections allows for clinical identification of recently transmitted 
strains of virus in donor settings in the different cities of Brazil.  This surveillance will monitor 
the trafficking of non-B subtypes and rates of transmission of drug resistant viral strains in low 
risk blood donors that can be compared with data from similar studies in high risk populations. 
Monitoring drug resistance strains is extremely important in a country that provides free ARV 
therapy for HIV infected individuals, many of whom have low level educations and modest 
resources making compliance with drug regimens and hence resistance a serious problem.  The 
findings from this project will also complement similar monitoring of HIV prevalence, incidence,
transfusion risk and molecular variants in the US and other funded international REDS-II sites, 
thus allowing direct comparisons of these parameters on a global level. 

Approach.     

All blood donations are routinely screened by two HIV-1 antibody assays in parallel, as mandated
in Brazil. These assays have been selected to have comparably high sensitivity to early 
seroconversion and diverse clades, as well as excellent specificity with non-overlapping 
populations of false reactivity. Samples reactive by both EIAs will be considered positive for 
prevalence calculations.  In Brazil, only subjects who return for counseling will have a follow-up 
sample obtained that will be tested by western blot (WB) (~80% of HIV reactive subjects return 
and WB is performed, of which 95% confirm as WB positive).  To detect recently infected 
donations, samples from all HIV dual-EIA reactive donations will be tested according to the 
Standardized Testing Algorithm for Recent HIV Seroconversion (STARHS), which is based on 
use of a sensitive/less-sensitive enzyme immunoassay ("detuned" EIA).28 STARHS testing will be
performed by BSRI (the REDS-II Core laboratory) because this kit is not registered for use in 
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Brazil and would be difficult for the local laboratory to import. For enrolled subjects, this testing 
will be performed on linked index and enrollment specimens from WB-confirmed donors, 
whereas for subjects who do not return for counseling we will anonymize the dual EIA reactive 
samples prior to S/LS EIA testing. False positive samples will be identified by performing 
sensitive EIA and WB on samples lacking reactivity on the LS-EIA (i.e., standardized optical 
density <0.1).  Incidence data derived using the STAHRS methods will be used to project risk 
and yield of enhanced donor screening strategies. Subtype and drug resistance profiles will be 
determined in Dr. Sabino’s laboratory on all donors who returned for counseling and consented 
and enrolled into the interview study (see below).  Risk factors and donor demographics will be 
correlated with recent infection status, as well as with clade and acquisition of drug resistant 
virus.  

This study will be conducted at all 3 participating REDS II centers in Brazil. In addition, 
HemoRio in Rio de Janeiro will participate. The inclusion of HemoRio greatly improves the 
ability to achieve the desired sample size and will also provide data to see whether risk factors for
HIV acquisition are different in different geographic regions of Brazil.

To study HIV risk behaviors, we shall use a case control design because it is most efficient for a 
rare condition like HIV infection among blood donors.  Because of operational screening for HIV
antibody, we shall have ready access to at about 250 HIV seropositive donors annually at our 
three Brazilian blood centers (plus an additional 100 HIV seropositive donors from Rio), and 
estimate that we shall enroll about 200 annually.  In our preliminary study, we have previously 
demonstrated the ability to enroll at least three quarters of similar seropositives when they return 
for HIV notification and counseling.  We now propose a larger study to provide greater statistical 
power to analyze infrequent risk factors, and to allow analyses within subsets of donors as well as
by duration of infection defined by LS-EIA.

Methods.

Study Design.  Surveillance of all HIV positives, with serological confirmation and STAHRS, 
will allow calculation of HIV prevalence and incidence. In addition, the case control study of 
HIV risk factors will enroll approximately 200 HIV seropositives as well as 400 x 2 (see Subject 
Enrollment section below) seronegative controls per year, matched by collection site.  A detailed 
risk factor questionnaire will be administered in the same fashion to all cases and controls, and 
testing for HIV genotype, drug resistance will be done on all consented HIV cases.  Data analysis 
will compare the frequency of reported risk behaviors between the cases and controls. Analyses 
on the cumulative data will be repeated at annual intervals to assess secular trends in HIV risk 
factors.

Study Population.  All identified HIV EIA positives will be included in the surveillance project. 
From these, we shall select cases at our three centers found to be confirmed HIV seropositive 
during routine blood donor testing.  From the 210 available subjects (525,000 donations at all 
three centers x 0.0004 HIV prevalence), we estimate that about 75% (150) per year may be 
enrolled at the time of notification and counseling.  We will also fund the Rio blood center to 
enroll 50 additional HIV-confirmed seropositive donors per year for a total of 200 HIV 
seropositive donors per year  Two types of controls matched by collection site will be selected 
from seronegative donors at a ratio of 2:1 (see Subject Enrollment section below).

Inclusion & Exclusion Criteria.    Confirmed HIV-positive by EIA and Western blot (cases) or 
negative by HIV EIA (controls); controls will also have to be negative on all other infectious 
markers that blood banks test for in Brazil, subjects must otherwise be eligible to donate blood 
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(age 18 to 65, in good general health, passed donor deferral screening, adequate hemoglobin 
level), and can be volunteer or replacement blood donors.  Autologous blood donors will be 
excluded.

Subject Enrollment.  Subjects will be enrolled for a two-year time period from September 2008 – 
August 2010. All samples positive by both screening HIV-1/2 EIAs will be considered 
presumptive positive for HIV and saved for further testing. The study will be described to all 
potential subjects, and written informed consent will be obtained. 

Cases: Donors who return for counseling and confirmatory testing (as is routinely performed in 
Brazil) will be invited to participate as cases and if consent is obtained a questionnaire about risk 
factors and motivations to donate will be administered. About 60% of donors who are HIV on the
index donation return for counseling and additional testing. Of these we expect to be able to 
recruit 75% for study participation. We plan to enroll 50 cases per year at each center or 
approximately 1 case per week. For these subjects, in addition to the mandated Western blot 
testing, we will perform linked genotype and drug resistance testing on the sample obtained at the
time of counseling. For those individuals who do not return for confirmatory testing, the samples 
will be anonymized and sent to BSRI to perform STAHRS. 

Controls: Two control groups will be used in the study. 

Control Group 1 - The first set of controls will be recruited by telephone and mail approximately 
2 weeks after their recent disease marker negative blood donation – this will be the offsite or 
recall recruitment control group. Offsite control recruitment is designed to parallel the experience
of cases who return for counseling. The goal here is to make each control’s interaction with the 
blood center including the time frame as similar to that which HIV cases will experience. 
Controls will also be asked to return to the blood center, but at a different location than the HIV 
counseling department to avoid unnecessary anxiety. In pilot studies we only had a 10% 
recruitment rate using offsite controls. In order to obtain the required number of controls it will be
necessary to enroll on average across all centers 2 offsite controls per week for the proposed 2-
year enrollment period. At each center there are between 250 and 400 donations per day. A list of 
eligible donors from a randomly selected day in the previous week pre-determined using the 
study management system will be used to determine a random sample of 30 potentially eligible 
controls (divided in 3 batches of 10). In batches of 10, we will contact these potential controls by 
telephone call and/or letters, until a total of 2 controls per week are enrolled. The controls will not
be matched to specific cases but will be matched by blood center. Offsite recruitment will occur 
on an ongoing weekly basis over the entire enrollment period. To enroll a total of 100 offsite 
controls per year at each blood center, we may have to use as many as 1,500 call and letters under
the worst-case recruitment assumption. Using the batch control recruitment approach this number
is more likely to be 1,000 or 20 potential control donors contacted by letters and calls per week 
(first 2 batches). The same approach will be used for the second year of the study for offsite 
controls with a new random sample draw conducted to identify the days of week and donors to 
contact for recruitment at each site for the year.

Control Group 2 - As indicated above, preliminary recruitment efforts indicated that eligible 
donors with a recent donation may be reluctant to return for the study. Thus,  a second group of 
controls will be used to ensure that a comparison group of sufficient size is obtained during the 
study period. The second control group will be recruited onsite at the time of blood donation. On 
average, approximately 2 onsite controls are expected to be enrolled per week at each site. With 
ongoing case and control interviews occurring over the study enrollment period, we believe that 
on average the dates of the interviews for the controls will be frequency matched to the interview 
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dates for the cases. This second group of control donors will be directed to the same location as 
the offsite control group for the purpose of completing the risk factor questionnaire. 

To recruit onsite controls a sampling frame that comprises a roster of all morning and evening 
blood collection shifts at each of the 4 blood centers on all working days of each week over the 
course of the year will be developed in advance using the study management system. A random 
sample of 50 shifts from each site from which to recruit donors for the questionnaire will be 
drawn. The clock time to begin recruitment at during each shift will be pre-determined with the 
list of shifts and times for the year distributed to each center at the start of the study. For each 
recruitment day, a “number of the day” will be defined based on a randomly selected last digit of 
each donor’s unique donor identification number. The last digit can take any value from 0 to 9. A 
value of 0 to 9 will be selected for each recruitment shift. At the selected shifts, we will look at 
each donor’s ID number and will consecutively approach eligible donors if the last digit is equal 
to the “number of the day”. We will explain the study and ask them to participate. We will keep 
records of how many donors we approach and how many refuse to participate. Once 2 onsite 
controls have consented to participate in the study we will end recruitment for that shift. At each 
site, recruitment will result in an estimated two subjects per shift from the 50 shifts for a total of 
100 subjects per year. The same approach will be used for the second year of onsite controls with 
a new random sample draw conducted to identify the 50 shifts for recruitment at each site for the 
year.

At approximately 6 months after initial of study subject accrual, we will evaluate whether we are 
able to successfully enroll offsite controls at the required ratio 1:2 (cases:controls). If we are able 
to enroll offsite controls and believe that we will continue to be able to do so, we will consider 
dropping the onsite control recruitment group in order to reduce work load. 

Procedures 

Questionnaire. 
A detailed HIV risk factor questionnaire will be administered to all subjects. A self-administered 
audio computer-assisted self-interview (ACASI) on a laptop computer will be used in order to 
maximize reporting of stigmatized behaviors. A research assistant or nurse will provide the 
ACASI laptop (including earphones to be able to listen to the questions confidentially) to each 
subject at the blood center. The study subject will be shown how to use the computer to complete 
the interview by entering basic demographic data with the help of the nurse, but will be given 
privacy to complete the rest of the questionnaire. The research assistant or nurse will remain 
available to answer questions and provide help as necessary. We chose ACASI to maximize 
reporting of stigmatized risk behaviors and to streamline the interview (built in skip patterns 
depending on initial responses so that donors are only prompted to answer questions about the 
details of a specific risk factor if they report having the risk). The ACASI format also uses 
electronic data capture which will reduce data entry errors. We anticipate that young Brazilian 
subjects will adapt easily to the computer interview, while older or illiterate donors will rely more
heavily on the audio component and/or assistance from the research assistant.  The questionnaire 
will be based upon an instrument previously utilized and validated by the CDC in its HIV 
surveillance at U.S. blood banks with modifications appropriate to the Brazilian setting (see 
Appendix).

Phlebotomy for Clinical Testing.
In addition to blood saved from their index blood donation, for cases 30 ml of blood will be 
drawn at the time of the enrollment and interview.  Specimens will be sent for genotype and 
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STAHRS test, and the remaining specimens will be processed into aliquots and saved in the study
repository for future testing, including repeated genotyping and drug resistance, if necessary. 

Detection of Recent Infections by LS-EIA Testing.    
All eligible cases will previously have had dual HIV EIA testing and HIV Western blot to 
confirm their HIV seropositivity, per core procedures at our Brazilian central lab. Recently 
infected individuals will be defined through the Standardized Testing Algorithm for Recent HIV 
Seroconversion (STAHRS) protocol.  STARHS is based on the detection of low avidity and/or 
titer antibodies by a less sensitive (LS)-EIA protocol (Vironostika®HIV-1 Microelisa , 
bioMérieux Industry, Raleigh, NC).29  Samples that tested weakly positive and did not have 
follow up results will be confirmed in a sensitive (S) EIA (Vironostika®HIV-1 Microelisa ) and 
Western blot (Calypte Biotech, Oakland, CA) to exclude false positives. 

HIV-1 Clade Typing and Drug Resistance Testing.   
Subtype and resistance analysis will be performed at FPS/HSP as previously described20,30 
Sequencing of the entire HIV-1 protease gene (99 amino acids [aa]) and of the RT gene through 
amino acid 240 will identify all mutations known to confer resistance to protease, nucleoside and 
non-nucleoside RT inhibitors.30 The only class of approved anti-HIV-1 drug resistance not 
detected by this analysis will be envelope gene mutations known to confer resistance to the more 
recently introduced HIV-1 fusion inhibitor FuzeonTM, a drug that is not yet in use in Brazil. 
Following phylogenetic analysis, sequencing of the pro-RT region will also identify the subtype 
of the recently transmitted HIV-1 strain. RNA will be isolated using QIAamp Viral RNA Mini kit
(Qiagen Inc., Valencia, CA) according to the manufacturer's instructions. Complementary DNA 
will be obtained using Superscript reverse transcriptase (Invitrogen, Carlsbad, CA) and random 
primers (Pharmacia, Uppsala, Sweden). A nested PCR will be used to obtain one fragment 
containing the protease gene and approximately 700 base pairs of the RT gene. In the first round 
the primers K1/K2 will be used followed by DP10 and F2 primers.31 Three other sets of primers, 
RT4/DP16, F1/F2 and DP10/DP11, will be used for samples that are not amplified using the 
initial primers. Conditions for both rounds of PCR will be 94°C for 1 minute followed by 35 
cycles at 94°C for 45 seconds, 55°C for 45 seconds and 72°C for 2 minutes, with a final 
elongation step at 72°C for 10 minutes All amplification products will be analyzed on a 1% 
ethidium bromide-stained agarose gel. PCR products will be purified using QIAquick PCR 
purification kit (Qiagen Inc.). To obtain sequence results for the entire amplified segment in both 
strands we will use at least 6 primers for sequencing each sample, including F1, F2,  DP10 and 
DP11 primers and a new pair of primers - GABO 1 (sense -5' -CTC ARG ACT TYT GGG AAG 
TTC- 3') and GABO-2 (antisense - 5' -GCA TCH CCC ACA TCY AGT ACT G-3' ). Sequence 
data will be obtained using the ABI Prism Big Dye Terminator Cycle Sequencing Ready 
Reaction kit (Applied BioSystems Inc., Foster City, CA, USA), according to manufacturer's 
protocol in an automated sequencer (ABI 377 Sequencer-Applied Biosystems).  To detect 
possible PCR contamination, sequences will be compared to each other using a web interface that
uses the Blast program and which highlights any pair of sequences that have a percentage of 
similarity higher that a specific threshold (we will use 99% for pol gene).32,33 

Counseling and Medical Referral.  
Prior to enrollment, all subjects will have received counseling regarding their HIV infection by 
trained personnel at the blood centers, per operational protocols.  The genotype result will be sent
to the donor by mail and they will be counseled to take it to their physician. If desired by the 
subject a new visit will be provided to discuss the results of genotype testing.
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Data Analysis.  

Analysis of Incidence, Residual Risk and NAT Yield.    
Data analysis will be performed by the REDS data coordinating center, Westat, in Rockville, 
MD.  Data from this study will be merged with the large Brazilian donation database to allow 
calculation of incidence and univariate and multivariate analysis of correlates of HIV incidence 
and calculation of residual risk and yield of NAT.  Since Clade B is responsible for more than 
80% of the infections in Brazil, we will assume the window period corresponding to the time 
from seroconversion by sensitive EIA and Western blot to seroconversion by the LS-EIA would 
be similar to that reported for U.S. clade B infected persons, i.e., 170 days (95% confidence 
interval [CI] 145-200 days).  We will further assume that the detection window periods (period 
from infectivity by blood transfusion to initial detection by the respective markers) for viral RNA 
by ID-NAT, MP-NAT, p24 antigen and antibody EIAs were 5.6, 9.0, 15.0 and 20.3 days, 
respectively, as described by Busch et al.29 Based on our observed incidence rates and the 
published WP estimates, the predicted yield and associated residual risk (per 10,000 per year) for 
each test will be calculated using the formula: (incidence rate) ∕ (365)  (detection window 
period). The statistical calculations will use the method of Busch, et al as follows. Confidence 
intervals for prevalence rates will assume prevalent cases are binomially distributed. Logistic 
regression will be used to assess differences in prevalence rates by year, type of donation, gender,
and age. Confidence intervals for incidence rates will assume incident cases are Poisson 
distributed. Poisson regression will be used to assess differences in prevalence rates by year, type 
of donation, gender, and age. Wald type 95% confidence intervals around residual risk estimates 
and yield estimates will be computed using a Taylor series approximation to the residual risk 
standard error estimates and yield standard error estimates. These standard errors are a function of
the standard errors of the Poisson distributed incidence rates and the standard error of the window
periods. 

Analysis of Risk Behaviors. 
The dependent variable will be case vs. control status. The responses from the two control groups
will be analyzed separately to see if there are any differences between onsite and recall (offsite) 
control recruitment. Independent variables will be HIV risk factors ascertained by questionnaire, 
including male-to-male sex, number of lifetime male and female sexual partners, number of male 
and female sexual partners within the past year, use of condoms, sex with a prostitute or sex work
by the donor him/herself, IDU, sex with an IDU, and sex with an individual known to be HIV-
positive.  Secondary predictors will include demographics, socioeconomic status, and drug or 
alcohol use. Demographic and blood donation characteristics of the cases and controls will be 
presented to describe the study population and comparability of cases and controls.  Univariate 
associations of specific risk factors with case/control status will be assessed using contingency 
tables with significance tests using Chi squared or Fisher's exact tests.  Variables with significant 
or borderline univariate associations (p<0.10) with HIV seropositivity will be entered into a 
logistic regression model to assess independent associations and potential confounding. Data 
from this Aim's questionnaire will also be used in analyses of HIV subtypes and drug resistance, 
below.

HIV Subtype and Drug Resistance Analyses.    
To define the subtype of each strain we will use interface software that automatically submits the 
sequences to two programs: RIP 34 and Blast 33.In the RIP program, the sequence is cut in 
fragments of 200 bp in 1 bp steps. Each fragment is compared to a set of reference strains and for 
each fragment the program determines which reference sequence has the highest similarity rate to
that fragment. In the Blast approach, the sequence is cut into non-overlapping fragments of 200 
bp. Each fragment is submitted to a bank of 10,000 sequences previously subtyped in the Los 
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Alamos databank. The program detects which databank sequence is most similar to each 
fragment. If the results of both analysis agreed, the sample will be considered subtyped.  
Otherwise the sequence will be manually reviewed using SIMPLOT.35 

Interpretation of results identifying possible Protease and RT mutations that have been associated 
with reduced antiretroviral-drug susceptibility will be based on the International AIDS Society 
classification:36 Protease: D30N; M46I; M46L; G48V; I50V; V82A; V82S; V82F; V82T; I84V 
and I90M. Reverse Transcriptase: M41L; A62V; K65R; D67N; T69D; 69 insert; K70R; L74V; 
V75I; V75T; V75M; V75S; V75A; F77L; A98G, L100I; K103N; V106A; V108I; Y115F; 
F116Y; Q151M; Y181C; Y181I; M184V; M184I; Y188C; Y188L; Y188H; Y188C; G190A; 
G190S; L210W; T215Y; T215F; K219Q; K219E; P255H; P230L and P236L. Reverse 
transcriptase mutations that are different from wild-type T215 and T69A/N/S will be included as 
well. 

Sample Size Calculations.  After two years of cumulative data collection there will be  
approximately 400 cases. Presuming the offsite control group is successfully recruited, there will 
be 800 controls in the offsite control group, and it will be used for data analysis. If not, the onsite 
control group (and its 800 controls) will be used for data analysis. While the sample design is 
stratified by site, the power calculations in the table below are for an unstratified design. The 
odds ratios of interest are not expected to be related to site, so the impact of the stratification 
variable on power is expected to be minimal. 

Aim B lists the predominant risk factors as male-to-male sex, multiple heterosexual sex partners, 
and IDU. The male-to-male sex prevalence among controls is expected to be about 2%. As 
indicated in the table below, the study will then have 93.1% power in a one-tailed 0.05 level test 
to detect an odds ratio of 3.0 for male-to-male sex. The number of heterosexual sex partners can 
be dichotomized by the median among controls. The study will then have 94.3% power in a one-
tailed 0.05 level test to detect an odds ratio of 1.5 comparing high number of sex partners with 
low number of sex partners. The IDU prevalence among controls is expected to be about 1%. The
study will then have 90.9% power in a one-tailed 0.05 level test to detect an odds ratio of 3.0 for 
IDU.
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Power.  Statistical power for various risk factor prevalences in controls 
and various odds ratios, given 400 HIV+ cases and 800 controls in the 
case control study, assuming alpha=0.05 and one-sided test.

Risk factor
% in Controls       Odds Ratio                         Power      
1% 4 90.9%
2% 3 93.1%
40% 1.5 90.3%*
50% 1.5 94.3%

* two-sided test; to reflect uncertainty whether volunteer donors are 
more or are less likely to be HIV positive. 
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Expected Results.  Based upon our preliminary data, we expect to find that male-to-male sex and 
multiple heterosexual partners remain risk factors for HIV.  The male-to-male sex prevalence 
among controls is expected to be about 2%, and the odds ratio is expected to be greater than 3 
(table in previous section shows power then greater than 90%).  The number of heterosexual 
partners can be dichotomized by the median among controls. The power is high for such risk 
factors at 50% prevalence among controls. Given their age and socioeconomic status, we 
hypothesize that unrecognized heterosexual exposure to HIV or IDU may explain the 
unexpectedly high HIV prevalence in volunteer donors. Preliminary data shows 40% of donations
are from volunteer donors. The table of the previous section shows power to be greater than 90% 
to detect whether volunteer donors are more or are less likely to be HIV positive.  The power is 
also high for risk factors with low prevalence among controls (e.g. prevalence of IDU may be 
about 1%).

Human Subjects Considerations.  
This project will be approved by the institutional review boards in Brazil and the U.S. before 
implementation.  The main risks of this study are: 1) possible lost confidentiality regarding HIV 
status or risk behaviors; 2) possible discomfort due to the personal nature of the questionnaire; 
and 3) possible negative information risk of drug genotype test.  Benefits of the study include: 1) 
HIV positives will receive additional HIV counseling as part of the study; 2) their clinical 
treatment may be improved by providing drug genotype test; and 3) benefits to Brazilian society 
as a whole by virtue of potential improvement blood safety and control of the HIV epidemic.  We
will attempt to minimize risks by stringent privacy protection of the subjects’ data (see elsewhere 
in this application), by using trained and empathetic research personnel, ACASI interviews, and 
by providing counseling and medical referral for HIV infection.  Informed written consent will be
obtained from all subjects prior to enrollment.
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