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Background. Dengue viruses (DENV-1–4) pose a transfusion-transmission risk. This study estimated the dengue RNA de-
tection period in asymptomatic blood donors and relationships between donor viremia and dengue incidence during a large
epidemic.

Methods. Donor samples from the 2012 dengue transmission season in Rio de Janeiro, Brazil, were tested for DENV RNA by
a transcription-mediated amplification (TMA) assay, with DENV types and viral loads determined by polymerase chain reaction.
Samples collected during the first and last weeks of enrollment were tested for DENV immunoglobulin (Ig) G and IgM to es-
timate incidence during the study period, which was analyzed relative to nucleic acid amplification technology (NAT) yield to
estimate the duration of NAT-detectable viremia and compared with reported clinical dengue cases in Rio.

Results. Samples from 16 241 donations were tested; 87 (0.54%) were confirmed as DENV-4 RNA positive. Dengue IgM-positive/
IgG-positive reactivity increased from 2.8% to 8.8%, indicating a 6.2% incidence (95% confidence interval [CI], 3.2%–9.1%) during
the study period. Based on these data, we estimated a 9.1-day period (95% CI, 4.4–13.9 days) of RNA detectable with TMA. With
100 475 reported cases of clinical dengue, 1 RNA-positive donation was identified per 800 DENV cases.

Conclusions. These parameters allow projections of dengue incidence from donor NAT yield data and vice versa, and suggest
that viremic donations will be rare relative to clinical disease cases.
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There has been a marked global reemergence of dengue in the
last 25 years, with recent epidemics in >100 countries [1–3].The
4 antigenically related dengue viruses (DENV-1–4) cause sim-
ilar disease manifestations ranging from asymptomatic infection
to dengue fever, consisting of fever plus ≥2 other concurrent
symptoms, to severe dengue hemorrhagic fever and dengue
shock syndrome [4, 5].Although there is extensive cross-reactivity
in serological tests, there is no long-term cross-protective immu-
nity; hence, humans can have as many as 4 lifetime DENV infec-
tions, with evidence for increased risk of serious disease with
secondary and subsequent infections [6, 7].

Concern over potential transfusion-transmission (TT) of
dengue and other arboviruses increased after documentation

of TT of West Nile virus (WNV) in US epidemics beginning
in 2003 [8, 9]. The first case of probable TT of DENV was doc-
umented in 3 recipients in Hong Kong in 2002, and in 2008
transmission to 3 recipients was reported in Singapore [10,
11]. More recently, a case of dengue hemorrhagic fever was re-
ported in a recipient of an RNA-positive transfusion identified
through a look-back study in Puerto Rico [12], 2 cases of TT
dengue infection were described in Brazil and Singapore [13,
14], and an additional case of probable TT dengue was reported
from Puerto Rico [15]. Studies of blood donor samples from
multiple endemic countries using nucleic acid amplification
technology (NAT) assays have documented rates of viremia as
high as 0.5% during outbreaks [12, 15–18], providing quantita-
tive data on the potential magnitude of risk of TT infection and
further highlighting concerns over blood safety [8, 9, 19, 20].

Brazil is the country with the largest number of dengue cases
reported annually in the Americas [21–23]. We recently con-
ducted a linked blood donor and transfusion recipient study
in 2 cities in Brazil (Rio de Janeiro and Recife) to investigate
rates of transmission by DENV RNA-positive donations and
clinical symptoms of dengue infection in the transfused popu-
lation during the first large-scale DENV-4 outbreak since its re-
introduction to Brazil in 2010 [24]. We identified 6 probable
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cases of asymptomatic transfusion acquired infection after
transfusions of RNA-positive blood components into 16 sus-
ceptible recipients (37.5% rate of transmission; 95% confidence
interval [CI], 15.2%–64.6%). The current supplemental analy-
ses were executed on the donor samples from that study that
were collected in Rio de Janeiro (Rio) to estimate how long
dengue RNA is detectable in asymptomatic blood donors
and the relationships between detection of donor viremia,
the incidence of asymptomatic dengue infections in blood do-
nors, and the clinical case reports of dengue disease in the Rio
population overall and the subset of the population eligible to
donate blood. Characterizing these parameters provides the
capacity to project dengue infection incidence from donor
NAT-positive donation data and vice versa, as well as estimat-
ing the proportion of infections that result in reported dengue
disease and the predicted rates and timing of detection of vi-
remic blood donations relative to clinical disease case reports
during epidemics.

METHODS

Ethical committees in Brazil and institutional review boards in
the United States approved this study. From 15 February through
14 June 2012, all donors from HemoRio, the major public blood
bank in the city of Rio de Janeiro, were asked to participate in the
study, and an extra Plasma Preparation Tube (Becton Dickinson)
was collected from each consenting donor. The tubes were cen-
trifuged within 6 hours of collection and frozen at−20°C for sub-
sequent aliquoting of plasma in Brazil and batch testing for
DENV RNA and antibodies in the United States.

One plasma aliquot from each consenting donor was tested
using a transcription-mediated amplification (TMA) assay
(Hologic/Grifols) with a 50% detection limit of approximately
5 RNA copies/mL for each of the 4 DENVs [17]. For TMA re-
peat-reactive samples, the second plasma aliquot was tested at a
separate laboratory (Blood Systems Research Institute) with
real-time polymerase chain reaction assays to confirm infection,
define DENV type, and estimate viral load [17]. Plasma samples
from DENV confirmed RNA-positive donations were also test-
ed for DENV immunoglobulin (Ig) M and IgG antibodies
(Focus Diagnostics).

Samples from the first 500 sequential TMA-nonreactive
donations collected at the beginning of the study period (15
February through 5 March) and the last 500 sequential samples
from the end of the study period (8–14 June) were tested for
DENV IgG and IgM antibodies (Focus Diagnostics) to determine
the background rate of DENV exposure in the donor population
and to estimate the incidence of IgM and IgG seroconversion
during the study accrual period. All IgM-positive/IgG-positive
(n = 58) and 50 representative IgM-negative/IgG-positive
samples were characterized for DENV-1-4 type-specific neu-
tralizing activity using reporter viral particles (Integral Molec-
ular) [25].

Based on the estimate for incidence of infection during the
study period derived from the serosurveys and the NAT screen-
ing results (proportion RNA-positive donations) during the
study period, we derived an estimate for the duration of viremia
detectable by the DENV TMA assay, as follows: If PE is the
prevalence of IgM-positive cases at the start of the observation
interval (weeks 7–10 in 2012) and PL is the prevalence of IgM-
positive cases at the end of the observation interval (weeks 23
and 24), then the probability of becoming IgM positive during
the observation interval is (PL–PE)/(1–PE). If Ti is the propor-
tion TMA-positive for dengue in week i (11 ≤ i ≤ 23), then
the TMA detection interval of DENV RNA (also referred to
as the detectable window period, W ) is estimated as

W ¼ 7
P

i Ti

ðPL � PEÞ=ð1� PEÞ
Confidence limits for W were estimated using a delta method
estimate of the variance of W [26].

The number of cases of clinical dengue reported in the Rio
metropolitan area were obtained from the public health report-
ing system (Coordenação Geral do Programa Nacional de Con-
trole da Dengue). The weekly case rate was calculated as total
reported cases in a week divided by the size of the Rio popula-
tion. The adjusted case rate was calculated by limiting the data
to the age range of blood donors (16–67 years), as follows. Cases
in Rio were reported to the public health system in 5-year age
intervals. To obtain the case rate for those 16–67 years old,
we estimated that 80% of the case patients and 80% of the
Rio population in the 15–19-year age interval were 16–19
years old, and 60% of those in the 65–69-year interval were
65–67 years old. The weekly total and adjusted case rates were
plotted against week of the year for comparison with the weekly
rates of TMA-positive blood donations.

RESULTS

Detection and Characterization of Dengue RNA-Positive Donations
During the 2012 Rio Epidemic
Of 23 412 donations collected by HemoRio during the study pe-
riod, 16 241 donors (69%) consented to DENV RNA testing.
These were tested by DENV TMA, and 87 (0.54%) were repeat
reactive. All 87 TMA-reactive samples were confirmed as DENV
RNA positive by polymerase chain reaction on an independent
sample, and all were typed as DENV-4. Figure 1 displays the rate
of detection of viremic donations over time. Of the 87 viremic
donations, 11 (12.6%) tested positive for DENV IgM. Viral loads
were significantly higher in IgM-negative than in IgM-positive
donations (median pre-IgM and post-IgM viral loads were 3.5
and 2.3 Log10 copies/mL, respectively; P = .001).

Serosurvey to Estimate Incidence of DENV Infection and the Individual
Donation-NAT Detection Period
Table 1 summarizes the results of DENV IgG and IgM testing
performed on approximately 500 consecutive early and late
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epidemic samples from consenting donors (several samples
from each 2-week period did not yield valid antibody results).
Dengue IgG-positive/IgM-positive reactivity increased from
2.8% of 494 donations in the early study period to 8.8% of
498 donations late in the epidemic; IgG reactivity also increased
from 88% to 90%, indicating a very high rate of prior infection
with dengue in the Rio population with only a small increment
of primary infections during the 2012 epidemic. Analysis of
the increase in the IgM positivity rate—[100(8.8 − 2.8)/
(100− 2.8)]—indicated that the incidence of DENV infection
in the Rio blood donor population during the study period
was approximately 6.2% (95% CI, 3.2%–9.1%), as illustrated
in Figure 1. Reporter viral particle neutralization data of
seroreactive donations demonstrated typical high-level cross-
reactivity to all 4 DENVs early in the epidemic in IgG-positive/
IgM-negative and IgG-positive/IgM-positive donations. The
results from the late epidemic IgM-positive/IgG-positive
samples indicated boosting of neutralizing activity to DENV-4

to a significantly higher level than the neutralizing antibodies
to the other 3 DENVs, indicative of recent DENV-4 infection
(Figure 2), consistent with detection of only DENV-4 in the
RNA-positive donor samples. Based on statistical correlation
of the incidence during the study period derived from the in-
crease in IgM-reactivity and the temporal yield of DENV

Figure 1. Proportions of dengue virus (DENV) transcription-mediated amplification (TMA) repeat-reactive donations during the study period (solid bars; left Y axis) and of
DENV immunoglobulin (Ig) M–positive/IgG-positive donations at the beginning and end of the study period (hatched bars; right Y axis). All TMA repeat-reactive donations were
confirmed as RNA positive by polymerase chain reaction testing and typed as DENV-4. Abbreviation: CI, confidence interval.

Table 1. Results of DENV IgG and IgM Antibody Testing of Early and Late
Epidemic Samples From Blood Donors During the 2012 Rio de Janeiro
Epidemica

Samples
IgG Positive,

No. (%)
IgM Positive,

No. (%)

Early epidemic samples (n = 494) 438 (88.7) 14 (2.8)

Late epidemic samples (n = 498) 453 (90.9) 44 (8.8)

Abbreviations: DENV, dengue virus; IgG, immunoglobulin G; IgM immunoglobulin M.
a Early epidemic samples were collected from 15 February to 5 March 2012; late epidemic
samples, from 8 June to 14 June 2012. The adjusted seasonal increase in IgM-positive
samples was 6.2% (95% confidence interval, 3.2%–9.1%).

Figure 2. Dengue virus (DENV) type-specific neutralization analysis of early ver-
sus late epidemic immunoglobulin (Ig) M/IgG seroreactive donor samples indicating
predominantly DENV-4 infections acquired during 2011/12 epidemic season. Differ-
ences in mean log titer between time subgroups (early negative, early positive, and
late positive) varied among DENV subtypes (P < .001). Larger changes were observed
in neutralizing titer for subtype 4 than for the other 3 subtypes (subtype 4 vs 1,
P < .001; 4 vs 2, P < .001; 4 vs 3, P = .03).
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RNA-positive donations by NAT screening in Rio during the in-
tervening study period (see Methods and Figure 1), we estimated
a 9.1-day period (95% CI, 4.4–13.9 days) of detectable RNAwith
the TMA assay applied to individual donation samples.

Rates of Clinical Dengue Cases Relative to Seroincidence and NAT
Yield Donations
Figure 3 presents the weekly rate of reported dengue cases to the
Rio public health system relative to the rate of confirmed vire-
mic donations by donors to HemoRio detected in the REDS-III
study from February through June 2012. The figure demon-
strates that this donor NAT screening study was conducted

during the 4 months that represented the height of the epidemic
and that the rate of viremic donations generally paralleled the
increase, peak and decline in clinical case reports. During the
study period, 113 500 clinical cases of dengue were reported
in Rio, representing 1.8% of 6.3 million inhabitants. When re-
stricted to the 4.5 million Rio inhabitants in the age range eli-
gible to donate blood (16–67 years old), there were 100 475
reported clinical cases of dengue, yielding a 2.3% estimated
rate of clinical dengue cases. Juxtaposing the 2.3% rate of clin-
ical case reports and the 6.2% seroincidence in asymptomatic
donors, we inferred that approximately one-third of DENV-4
infections that occurred in this Rio epidemic resulted in report-
ed disease (2.3% divided by 6.2%%)

If DENV NAT screening had been performed on all 23 412
donations collected by HemoRio during the study period, we
project that 125 DENV RNA-positive donations would have
been detected (87 detected NAT RNA-positive donations, mul-
tiplied by 23 412 total donations, divided by 16 241 tested dona-
tions from consenting donors tested for DENV RNA). The ratio
of the 100 475 clinical cases reported in the donor-age Rio pop-
ulation over the projected 125 RNA-positive donations detected
during the study period indicates that there were approximately
800 cases of clinical dengue disease per identified NAT-positive
donation.

DISCUSSION

During the 4-month study period within the large epidemic in
Rio in 2012, we estimate that approximately 6.2% of donors ac-
quired DENV infections, approximately 0.54% of blood dona-
tions tested RNA positive, and approximately 1.8% of the
general and 2.3% of the donor-age population were reported as
clinical case patients. This is among the highest rates of DENV
infection documented in blood donors based on NAT screening
[12, 15–18].To our knowledge, ours is the first study to conduct a
serosurvey of blood donor samples to allow for the correlation of
the incidence of infection with NAT detection rates in donors.
Wewere also able to correlate these observations in blood donors,
with rates of clinical DENV cases reported in the corresponding
metropolitan area during a large DENV-4 epidemic in a popula-
tion that is hyperendemic for DENV infection, as evidenced by
the 88% rate of IgG antibodies in the Rio donor population at the
beginning of the study period.

Based on the estimated 6.2% incidence derived from the in-
cremental IgM seroconversion rate and the observed rate of
DENV RNA-positive donations during the study period, we es-
timated that a sensitive dengue NAT assay can detect viremia in
asymptomatic or presymptomatic donors for approximately 9.1
days (95% CI, 4.4–13.9 days). However, our estimate of infec-
tion incidence may have underestimated the true incidence. Re-
cent data from follow-up of DENV NAT yield donors in Puerto
Rico indicate that 5%–10% of DENV RNA-positive donors with
preexisting IgG fail to develop detectable IgM after testing of

Figure 3. Upper panel, Comparison of rates of viremic donations detected during the
study period. Lower panel, Rates of reported cases of clinical dengue for the Rio pop-
ulation as a whole (solid line) and among those 16–67 years old (dashed line) who are
eligible to donate blood. Abbreviation: TMA, transcription-mediated amplification.
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serial follow-up samples (personal communication, Susan
Stramer. American Red Cross, and Marion Lanteri, Blood Sys-
tems Research Institute); this observation is consistent with
findings in studies of clinical dengue cases indicating that ap-
proximately 10% of patients fail to develop detectable IgM an-
tibodies or have very transient IgM responses after secondary
DENV infections [7]. Because approximately 90% of infections
in donors in Rio in 2012 were secondary infections, we need to
consider the impact of lack of or transient IgM seroconversion
on our estimates for the incidence of infection and the NAT de-
tection period. A 10% underestimate of the IgM seroconversion
rate during the approximately 4-month study period would in-
crease our point estimate for inferred incidence from 6.2% to
6.8% and reduce our estimated period of detectable RNA
from 9.1 to 8.2 days. This adjusted estimate for duration of
asymptomatic viremia is generally consistent with periods of
dengue viremia reported elsewhere [27–29].

During the study period, we estimated that 1.8% of 6.3 mil-
lion Rio inhabitants and 2.3% of the 4.5 million Rio inhabitants
in the age range eligible to donate blood were reported to have
clinical cases of dengue. The higher rate of clinically diagnosed
disease in adults relative to the total population that includes
children probably reflects increased rates of secondary infec-
tions in adults, who have a higher probability of serious symp-
tomatic manifestations because of immune enhancement after
secondary infections. Given the 2.3% rate of clinical case reports
in the donor-age population and the 6.2%–6.8% seroincidence
in Rio donors during the study period, we estimated that ap-
proximately one-third of DENV-4 infections that occurred in
this Rio epidemic resulted in reported disease. This estimate
of disease penetrance is consistent with other estimates for
the proportion of secondary DENV infections that result in
clinical disease in adults [3–5]. In contrast with WNV, which
can cause outbreaks similar in scale to the 2012 Rio dengue ep-
idemic, with 1%–10% seasonal incidence rates [30, 31], <1 in
200 cases of infection result in clinically reported neuroinvasive
disease [32]. On the other end of the arbovirus spectrum, chi-
kungunya virus can infect 25%–50% of populations during sin-
gle-season epidemics and up to 80% of infections are estimated
to cause severe febrile illness with polyarthralgia [9, 33, 34].

By correlating the number of clinical cases reported in the
donor-age Rio population (100 475) with the projected number
of RNA-positive donations that would have been detected dur-
ing the study period had all donations been screened by NAT
(125 donations), we estimated that there were 800 cases of clin-
ical dengue per NAT-positive donation identified. This high
ratio reflects the combined impact of capturing all clinically re-
ported cases of dengue in the population, whereas <3% of the
Brazilian population donates blood each year [35], and the
fact that infected donors are detected only in the 8–9 day period
(95% CI, 4–14 days) of asymptomatic viremia. In contrast with
WNV, which has a much lower disease penetrance in the

general population but a comparable period of detectable vire-
mia in donors, there are 2–3 reported cases of neuroinvasive
disease relative to each NAT yield donation [30, 32, 36, 37].
Thus, when clinical cases of WNV are observed and reported
to the public health system in a region experiencing an incipient
epidemic, there is a high probability that viremic blood dona-
tions will occur; consequently minipool NAT is used in the
United States to detect outbreaks, with individual donation-
NAT triggered after detection of minipool-NAT–positive
donations in a local geographic region. In contrast very large
numbers of clinical DENV infection cases would have to be
observed to expect detection of viremic blood donations.

It is important to acknowledge that this study was conducted
in a hyperendemic setting during a large epidemic with recently
introduced DENV-4. Further research is needed to establish the
generalizability of our findings to other endemic and to nonen-
demic settings with different scale outbreaks of primary or sec-
ondary DENV infections. Moreover, the DENV infection rates
we documented in asymptomatic blood donors may underesti-
mate infection rates in the larger population because the donor
population might be at lower risk than those living in conditions
most conducive to dengue transmission; consequently, our esti-
mate of underreporting of clinical dengue cases may be too con-
servative. However, we believe the relationships we documented
between infection rates, NAT yield rates, and clinical case rates
provide useful insights for dengue disease surveillance and,
most specifically, for blood donor screening policy formulation.
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