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The routes of transmission of a newly emerged Tembusu virus (TMUV, Flavivirus) in ducks in China remain unclear. Our epide-
miological data show that TMUV is spread in winter, when mosquitos are inactive, which suggests that nonvector transmission
routes are involved in the spread of TMUV. Furthermore, in vivo studies indicate that TMUV can be transmitted efficiently
among ducks by both direct contact and aerosol transmission. This finding has important implications for the control of infec-
tion with this novel TMUV in the field.

In April 2010, a novel Tembusu virus (TMUV)-associated dis-
ease, characterized by retarded growth, high fever, loss of appe-

tite, decline in egg production, and death, emerged in ducks in
China (1–5). Since then, TMUV has continuously infected ducks
and caused significant economic loss in China. TMUV is a mem-
ber of the Ntaya virus group in the genus Flavivirus of the family
Flaviviridae (6, 7). TMUV was first isolated from mosquitoes in
Kuala Lumpur, Malaysia, in 1955; since then, TMUV has been
isolated from Culex species mosquitos in Malaysia and Thailand
(6, 7). However, the natural reservoir, transmission route, and
epidemic situation of TMUV in China remain unclear. To better
understand the prevalence and potential transmission route of
TMUV in China, we conducted active surveillance of TMUV in
ducks at different time points in China.

A total of 1,200 serum samples were collected randomly from
53 duck farms in Shandong and Hebei Provinces. Samples were
collected from 27- to 380-day-old ducks from 25 farms in the fall
(October to December 2011) and 53 farms in the late winter (Feb-
ruary and March 2012), respectively. The farms investigated in
winter included all of the fall sites (except one farm in Laiwu) (see
Fig. S1 in the supplemental material). The presence of TMUV-
specific antibody was determined by a blocking enzyme-linked
immunosorbent assay (ELISA) based on monoclonal antibody
(MAb) 1F5, which is a neutralizing MAb that binds specifically to
the E protein of TMUV. A blocking ELISA based on this MAb was
developed for the detection of neutralization-related antibodies
against TMUV (8). TMUV antibody titers are expressed as percent
inhibition (PI) of blocking of MAb 1F5 at a test serum dilution of
1:10. The selected cutoff PI value for positive serum was 18.4%. All
serum samples were prepared and tested as described previously
(8). In October and December 2011, only 11.8% of the farms
investigated (2/17) were TMUV seropositive in Shandong Prov-
ince, and none of the 8 farms investigated in Hebei Province were
seropositive (Fig. 1A). Surprisingly, 3 to 4 months later (February
and March 2012), 53.7% (22/41) and 50.0% (6/12) of the farms
investigated in Shandong and Hebei Provinces became TMUV
seropositive. During October and December 2011, the mean rates
of seropositivity of the serum samples collected were 11.7 and 0%
in Shandong and Hebei Provinces, respectively, which increased
to 41.0 and 54.5% during February and March 2012. At most
(78.1%) of the TMUV-positive farms, the seropositivity rate was
100% and the TMUV antibody titers ranged from 57 to 70% PI
values, which are similar to those of experimentally infected ducks

(Fig. 1B and F). These results indicate that TMUV can spread
efficiently during the winter, when ambient temperatures are be-
low freezing and mosquitoes are not active. This strongly suggests
that another route is involved in TMUV transmission.

To determine the alternative route of transmission TMUV in
ducks, a direct-contact and airborne transmission study of TMUV
was conducted. Briefly, 25 8-week-old ducks (Tadorna) seroneg-
ative for TMUV were used. Five ducks were inoculated intramus-
cularly (i.m.) with 3.5 log10 50% egg lethal doses of TMUV strain
FX2010 (5) and housed in one isolator. Five naive ducks were
introduced into the same isolator later that day. Another 10 naive
ducks were housed in a separate clean isolator that was connected
with the infected isolator by an air pipe, which allowed air to flow
from the infected isolator to the clean isolator (see Fig. S2 in the
supplemental material). Five mock control ducks were housed in
a different isolator with a separate air supply. Serum samples were
collected from all of the ducks at 0, 2, 4, 6, 9, and 12 days postin-
fection or -contact (dpi or dpc, respectively) to quantify viremia
and the rate of seroconversion. Real-time reverse transcription-
PCR was used to quantify TMUV RNA in the serum samples.
Briefly, RNA was extracted from serum with the RNeasy minikit
(Qiagen Inc., Valencia, CA). First-strand cDNA was then synthe-
sized by using avian myeloblastosis virus reverse transcriptase
(TaKaRa Biotechnology, Dalian, China) according to the manu-
facturer’s instructions. A TaqMan-based real-time PCR assay tar-
geting the E gene of TMUV was conducted as described previously
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(9). The duck studies were approved by the Animal Care and Use
Committee of the Shanghai Veterinary Research Institute.

Depression and diarrhea were observed in the infected ducks at
2 dpi, and no infected ducks died in the whole study. Viremia
occurred in all i.m. infected ducks at 2 dpi, with the viral RNA
amount ranging from 2.24 to 5.64 log10 copies/�l in serum (Fig.
1C and D). Viral RNAs were also detected in the serum of two of
the direct-contact ducks at 2 dpc. Four out of five direct-contact
ducks were viral RNA positive at 4 dpc, with a peak viral load of 4
log10 copies/�l in serum (Fig. 1C and D). In the airborne trans-
mission group, viral RNA was detected in 2 out of 10 ducks at 4
dpc, and 5 and 3 ducks showed viremia at 6 and 9 dpc, respectively
(Fig. 1C and D). All i.m. infected and direct-contact ducks sero-
converted at 4 dpi and 6 dpc, respectively. The earliest specific
antibody response against TMUV was observed in one duck in the
airborne transmission group at 6 dpc. All of the ducks in the air-
borne transmission group subsequently seroconverted at 12 dpc.

All of the ducks that seroconverted produced high levels of
TMUV-specific antibody (Fig. 1E and F). Neither viremia nor
seroconversion was observed in mock control ducks. The data
presented indicate that TMUV causes viremia quickly in i.m. in-
fected ducks and infects naive ducks by airborne transmission. To
confirm the airborne transmission of TMUV in ducks, we recon-
ducted the airborne transmission study by using the same strategy
with a filter added between the inoculated and airborne transmis-
sion groups, which can stop the movement of mites or lice be-
tween isolators. In addition, oropharyngeal swabs, cloacal swabs,
and fecal samples were collected from the inoculated ducks at 0, 2,
3, 4, and 5 dpi. All of the direct-contact ducks and airborne trans-
mission ducks seroconverted at 6 and 12 dpc, which is consistent
with the first study. The data presented confirmed the airborne
transmission of TMUV in ducks. In the inoculated ducks, virus
was detected in oropharyngeal swabs at 2 to 3 dpi and in cloacal
swabs at 3 dpi (data not shown), which is in line with our previous

FIG 1 Epidemiological survey and animal experiment results of TMUV in ducks. (A) Percentages of TMUV-seropositive duck farms in Shandong and Hebei
Provinces from October 2011 to March 2012. Shown above each column is the number of TMUV-seropositive farms/total number of farms. (B) Average TMUV
antibody titers (PI values) of serum samples collected at duck farms in Shandong and Hebei Provinces from October 2011 to March 2012. (C) Percentages of
experimental ducks having viremia at different time points postinfection or -contact. (D) TMUV RNA amounts in serum samples from experimental ducks at
different time points postinfection or -contact. (E) Percentages of seroconverted ducks at different time points postinfection or -contact. (F) TMUV antibody
titers determined by a blocking ELISA in experimental ducks at different time points postinfection or -contact. Titers are expressed as the PI of blocking of MAb
1F5 at a test serum dilution of 1:10.
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study (9). However, no virus was detected in fecal samples. Our
data suggest that TMUV could be transmitted to ducks by aerosol
produced by infected ducks. To the best of our knowledge, the
present study is the first to demonstrate efficient airborne trans-
mission of TMUV in ducks. This may explain the rapid spread of
TMUV in ducks during winter in China. However, vector-borne
transmission is the major mode for most flaviviruses and mosqui-
toes play an important role in the spread of TMUV (6, 10). It is
possible that multiple transmission modes are involved in the
spread of TMUV in ducks. Full understanding of the vector-borne
transmission of TMUV needs further studies. Recently, TMUVs
were also found in chickens and geese in China (2, 11). Despite the
absence of clinical signs in TMUV-seropositive chickens and
geese, TMUV may become virulent in these species after adapta-
tion.

This study demonstrates the novel airborne and direct-contact
routes of transmission in ducks of TMUV, which poses a signifi-
cant risk to the duck industry and a potential risk for other types of
poultry in China.
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