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VIROLOGY

Human intestinal tract serves as an alternative infection
route for Middle East respiratory syndrome coronavirus

Jie Zhou,"%3# Cun Li,%* Guangyu Zhao,** Hin Chu,">* Dong Wang,? Helen Hoi-Ning Yan,*
Vincent Kwok-Man Poon,? Lei Wen,? Bosco Ho-Yin Wong,? Xiaoyu Zhao,? Man Chun Chiu,?
Dong Yang,? Yixin Wang,? Rex K. H. Au-Yeung,® vy Hau-Yee Chan,® Shihui Sun,*

Jasper Fuk-Woo Chan,">378 Kelvin Kai-Wang To,"?*7-® Ziad A. Memish,>°

Victor M. Corman,""'2 Christian Drosten,'"'? lvan Fan-Ngai Hung,'® Yusen Zhou,*'
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Middle East respiratory syndrome coronavirus (MERS-CoV) has caused human respiratory infections with a high
case fatality rate since 2012. However, the mode of virus transmission is not well understood. The findings of epi-
demiological and virological studies prompted us to hypothesize that the human gastrointestinal tract could
serve as an alternative route to acquire MERS-CoV infection. We demonstrated that human primary intestinal
epithelial cells, small intestine explants, and intestinal organoids were highly susceptible to MERS-CoV and can
sustain robust viral replication. We also identified the evidence of enteric MERS-CoV infection in the stool speci-
men of a clinical patient. MERS-CoV was considerably resistant to fed-state gastrointestinal fluids but less tolerant
to highly acidic fasted-state gastric fluid. In polarized Caco-2 cells cultured in Transwell inserts, apical MERS-CoV
inoculation was more effective in establishing infection than basolateral inoculation. Notably, direct intragastric
inoculation of MERS-CoV caused a lethal infection in human DPP4 transgenic mice. Histological examination revealed
MERS-CoV enteric infection in all inoculated mice, as shown by the presence of virus-positive cells, progressive
inflammation, and epithelial degeneration in small intestines, which were exaggerated in the mice pretreated with
the proton pump inhibitor pantoprazole. With the progression of the enteric infection, inflammation, virus-positive
cells, and live viruses emerged in the lung tissues, indicating the development of sequential respiratory infection. Taken
together, these data suggest that the human intestinal tract may serve as an alternative infection route for MERS-CoV.
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INTRODUCTION

Middle East respiratory syndrome coronavirus (MERS-CoV) was iden-
tified as a novel zoonotic virus causing human respiratory infection
in 2012 (1). As of July 2017, MERS-CoV has caused 2037 laboratory-
confirmed infection cases, including 710 deaths, with a crude case
fatality rate of about 35% (2). The clinical spectrum of MERS ranged
from asymptomatic or mild respiratory disease to acute fulminant
pneumonia with respiratory distress syndrome or multiorgan failure
resulting in a fatal outcome. Common symptoms were fever, cough, and
shortness of breath. Gastrointestinal symptoms were among the most
commonly reported extrapulmonary clinical features of MERS; about
one-third of MERS patients had gastrointestinal tract symptoms
such as abdominal pain, nausea, vomiting, and diarrhea (3, 4).
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It has been reported that up to 20% of MERS cases are considered as
primary infections due to contact with camels (5). MERS-CoV-infected
camels, especially the juvenile ones, were found to shed a large amount
of the virus from the upper respiratory tract (6). Camel milk may also
play a role in the transmission of MERS-CoV. MERS-CoV could be
detected in 41.7% of milk samples collected from lactating camels,
which also actively shed the virus in nasal secretion and/or feces (7). In
addition, MERS-CoV can survive in camel milk for a prolonged period
(8). The consumption of unpasteurized camel milk was found to be a
source of infection in some MERS patients (9). Thus, it is generally
believed that primary infection, that is, MERS-CoV transmission from
camel to human, is mediated via respiratory droplet and/or saliva during
direct contact with camels or through consumption of camel milk or
undercooked camel meat (10).

Meanwhile, a large proportion of MERS cases occurred in
healthcare settings, in which respiratory droplets of MERS patients
as well as direct or indirect contact have been postulated to be impor-
tant for virus transmission (3, 11). Theoretically, human-to-human
virus transmission mediated by respiratory droplets (>5 um in size)
occurs within 1 to 2 m from a source patient. However, history of direct
contact can be inferred in only about 10% of patients in the largest
hospital-associated MERS outbreak reported so far, which occurred
in the Republic of Korea, with 186 infection cases in 2015 (12). Most
of the cases in this large-scale outbreak were those who shared the same
healthcare environment without direct contact with MERS patients.
Therefore, fomite transmission may explain a significant proportion
of the infections (12). The virological evidence to support fomite trans-
mission is that MERS-CoV remains stable at low temperatures and
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low humidity, and could be recovered after exposure to the environ-
ment for 48 hours (13). Accordingly, viral RNA can be extensively
detected in the environmental surfaces in rooms of MERS patients
(14). Given that fomite transmission may play a role in the outbreak
in healthcare settings, acquisition of MERS-CoV infection via the gas-
trointestinal tract should be seriously considered. Collectively, in both
camel-to-human transmission and human-to-human transmission,
there is a possibility that humans may acquire MERS-CoV infection
upon exposure to the virus through the gastrointestinal tract.

A protein intrinsic disorder-based model was previously established
to classify transmission behaviors of coronaviruses by measuring the
percentage of intrinsic disorder in the two major shell (matrix and
nucleocapsid) proteins of coronaviruses (15). The analysis of protein
sequences of these two proteins of MERS-CoV suggests that MERS-
CoV belongs to a category of coronaviruses that have relatively hard
inner and outer shells; therefore, it may persist in the environment for
a prolonged period and may have an oral-fecal transmission ability
(16). The bioinformatically predicted MERS-CoV survival upon envi-
ronmental exposure has been experimentally corroborated (13). Here,
we sought to elucidate whether the gastrointestinal tract could be an
alternative infection route for MERS-CoV and whether the exposure of
MERS-CoV to the gastrointestinal tract can subsequently lead to a res-
piratory infection. To this end, we performed in vitro studies in human
primary intestinal epithelial cells, intestinal explants, polarized Caco-2
cells, and human intestinal organoids, as well as an in vivo study in
human dipeptidyl peptidase 4 (hDPP4) transgenic mice.

RESULTS
Susceptibility of human primary intestinal epithelial cells
and small intestine explants to MERS-CoV, and evidence of
alimentary infection in clinical MERS patients
To address whether the human gastrointestinal tract could serve as an
infection route for MERS-CoV, we examined the susceptibility of hu-
man primary intestinal epithelial cells to MERS-CoV. To this end,
human primary intestinal epithelial cells were cultured for 1 week for
differentiation. The differentiated epithelial cells were inoculated with
MERS-CoV and were fixed at 24 hours post-infection (hpi) for immuno-
fluorescence staining to identify the virus-positive cell. Almost all the
inoculated intestinal epithelial cells highly expressed MERS-CoV NP,
whereas no viral protein was detectable in mock-infected cells (Fig. 1A).
In addition, the infected cells underwent significant membrane fusion
and formed syncytia. Consistent with the intensive expression of viral
protein, the viral load increased by more than 1 log in the MERS-CoV -
inoculated epithelial cells (fig. S1). To further verify the infectivity of
MERS-CoV in human intestinal epithelium, normal human small in-
testine from a surgical resection was obtained with informed consent
and used for MERS-CoV inoculation. Despite tissue degradation, im-
munofluorescence staining explicitly revealed NP-positive enterocytes
in the infected intestine (Fig. 1B) at 20 hpi. The infected enterocytes
formed syncytia similar to those in the primary cells. Although only
patchy areas of epithelium were infected, we observed an increased viral
load of about 1 log in the Matrigel and medium, as well as in the in-
fected explants (Fig. 1C). Thus, human primary intestinal epithelial
cells and small intestine can be infected by MERS-CoV and support
viral replication.

In an earlier study, we reported that 12 of 82 stool specimens of
MERS patients were positive for MERS-CoV RNA (17), suggesting the
possible MERS-CoV infection in the gastrointestinal tract of these pa-
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tients. To gather more evidence of alimentary infection in MERS
patients, these positive specimens were analyzed with a quantitative
reverse transcription polymerase chain reaction (RT-qPCR) assay for
the detection of subgenomic RNA (sgRNA) of the nucleocapsid (N)
gene, an intermediate in the replication cycle of MERS-CoV. Notably,
N sgRNA was detected in the specimen and was confirmed by sequencing
the qPCR product, which showed a typical sgRNA sequence with fused
leader sequence, the predicted transcription regulatory site (TRS), and
the body element of N gene (Fig. 1D). The presence of N sgRNA in the
stool specimen suggested that MERS-CoV probably infected and rep-
licated in the alimentary tract of the MERS patient. Together, the re-
sults in human primary intestinal epithelial cells and small intestine
explants, together with the examination of the MERS patient’s spec-
imen, indicated that MERS-CoV can infect and replicate in human
intestinal epithelium.

Highly productive MERS-CoV infection in human

intestinal organoids

Generation of intestinal organoids from LGR5" tissue-resident adult
stem cells in human intestines has been a major breakthrough in the
past years. The differentiated intestinal organoids harbor all types of
epithelial cells in human intestine and can simulate most morphological
and functional properties of in vivo tissues (18). Therefore, three-
dimensional cultured intestinal organoids, also known as intestinoids
or mini-gut, have been used to model human diseases (19), including
the infection of enteric viruses and bacteria (20, 21).

We characterized MERS-CoV infectivity and replication kinetics
in human intestinoids. At 48 hours after inoculation, viral loads in-
creased by about 3 log units in the intestinoids and in the Matrigel
and medium (Fig. 2A) after inoculation with a multiplicity of infec-
tion (MOI) of 1. The infected intestinoids developed progressive
cytopathic effects over time. Thus, normalized viral loads in the infect-
ed intestinoids exhibited a constant increment within the 48-hour
observation window (Fig. 2B). Accordingly, plaque assays revealed
a significantly increased viral titer of 3 log units in the Matrigel and
medium at 48 hpi (Fig. 2C). The infection efficiency of MERS-CoV in
intestinoids, that is, the percentage of MERS-CoV -infected intestinal
epithelial cells, was also examined with flow cytometry. At 2 hpi, about
5% of the cells within the intestinoids were MERS-CoV NP-positive.
The percentage of NP-positive cells significantly increased to approx-
imately 25% at 24 hpi (Fig. 2, D and E), suggesting a productive virus
infection and spread in the intestinoids. The productive MERS-CoV
infection in intestinoids was also evidenced by a strong signal of viral
NP in the virus-inoculated intestinoids, albeit absent in the mock-
infected organoids (Fig. 2F). In addition, we verified the expression of
the MERS-CoV receptor DPP4, a major determinant for tissue tropism
of MERS-CoV, in intestinal epithelial cells by immunofluorescence
staining (fig. S2). Together, human intestinal organoids were highly
susceptible to MERS-CoV and supported robust viral replication.

Viability of MERS-CoV in gastrointestinal fluids

The ability to retain viability in gastrointestinal fluids is a prerequisite
for a microbe to establish infection in the human alimentary tract. In
this regard, we assessed whether MERS-CoV can maintain infectivity
in simulated human gastrointestinal fluids. As shown in Fig. 3, MERS-
CoV rapidly lost most of the infectivity in fasted-state simulated gas-
tric fluid (FaSSGF; pH 2.0). We assume that, in a real-life scenario, the
virus is more likely to be exposed to fed-state gastrointestinal fluids be-
cause it is supposed to access the stomach during food intake. Thus,
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Fig. 1. Susceptibility of human primary intestinal cells, intestine explants to MERS-CoV, and identification of the replication intermediate in the stool specimen
of a MERS patient. (A) Human primary intestinal cells were inoculated with MERS-CoV (left and middle) or mock-infected (right). At 24 hpi, cells were fixed and applied
to immunofluorescence staining of MERS-CoV nucleocapsid protein (NP). Nuclei were counterstained with 4’,6-diamidino-2-phenylindole (blue). The images show the
representative results of one experiment. (B and €) Normal human small intestine explants were inoculated with MERS-CoV, as described in Materials and Methods. The
data show representative results of the experiments independently performed twice. (B) The infected (left and middle) and mock-infected (right) explants were fixed at
20 hpi for immunofluorescence staining of MERS-CoV NP and the enterocyte marker CK19. Syncytia formation can be observed in the infected intestinal epithelium
(middle). (C) At the indicated hpi, the explants (Tissue) and Matrigel together with culture medium (Matrigel) were harvested for the quantification of viral load. Data are
means + SD of viral loads in duplicated samples. (D) Chromatograph of the N gene sgRNA recovered from the stool specimen of a MERS patient show fusion of leader
sequence, TRS, and N gene element.

we tested the infectivity of MERS-CoV after exposure to fed-state sim-
ulated gastric fluid (FeSSGF) or fed-state simulated intestinal fluid
(FeSSIF), which contains a high concentration of bile salts that sol-
ubilize the lipid membrane of enveloped viruses. The results showed
that MERS-CoV survived FeSSGF while being less tolerant to FeSSIF.
Nevertheless, a small proportion of the virus can survive FeSSIF after
treatment for 2 hours. As a control, EV71, a prototype human entero-
virus, was generally resistant to all the tested gastrointestinal fluids.
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Another human coronavirus, hCoV-229E, which often causes mild
respiratory infection, showed a comparable sensitivity to FaSSGF and
FeSSGF to MERS-CoV, but was much less resistant to the intestinal
fluid than MERS-CoV. All viruses exhibited considerable stability in
Dulbecco's modified Eagle’s medium (DMEM) over a period of 2 hours.
Collectively, MERS-CoV was able to resist, to some extent, the digestive
enzymes and bile salts in the human gastrointestinal tract, although
the virus was less tolerant to the high acidity of fasted-state gastric fluid.
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Fig. 2. MERS-CoV infection and replication in human intestinal organoids. The differentiated intestinoids were inoculated with MERS-CoV (MOI = 0.05) in duplicate
and then re-embedded in Matrigel and maintained in culture medium. (A) At the indicated hpi, intestinoids (Intestinoid), cell-free Matrigel, and culture medium (Matrigel)
were harvested for the quantification of viral load with RT-qPCR. Serially diluted MERS-CoV NP plasmids were used to generate a standard curve for the quantification. (B) The
absolute viral loads in intestinoids were normalized with GAPDH (glyceraldehyde-3-phosphate dehydrogenase) mRNA transcripts. (C) The dissolved Matrigel and culture
medium were applied to viral titration with plaque assay. Data are means + SD of one representative experiment independently repeated three times. (D and E) At 24 hpi, the
infected and mock-infected intestinoids were fixed after disassociation and stained with the MERS-CoV NP antiserum and then applied to flow cytometry to evaluate the
percentage of NP-positive cells. The histogram shows the results of one representative experiment. (E) Data are means and SD of three independent experiments. Student’s t test
was used for data analysis. **P < 0.01. (F) At 24 hpi, the infected (MERS-CoV) and mock-infected intestinoids, after fixation and immunofluorescence staining of MERS-CoV NP
and CK19, were whole-mounted and imaged with a confocal microscope.
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Fig. 3. MERS-CoV treatment with simulated gastrointestinal fluids. MERS-CoV
solution [7.5 x 10° plaque-forming units (PFU), 500 ul] was mixed with 5 ml of FaSSGF,
FeSSGF, FeSSIF, or DMEM and then incubated at 37°C for the indicated minutes. An
aliquot (1 ml) of the virus/fluid mixture was sampled for virus titration in Vero-E6
cells in triplicate after neutralization with sodium hydroxide. The enterovirus EV71
and the human coronavirus hCoV-229E were treated with the same gastrointestinal
fluids and titrated with TCIDsg (median tissue culture infectious dose) assay in RD
cells and plaque assay in Huh7 cells, respectively. Data are from a representative
experiment independently performed three times.

T
0 30 60120 0 30 60120

MERS-CoV infection and virus release in polarized intestinal
epithelial cells

Caco-2 cells cultured in Transwell inserts can undergo spontaneous
differentiation, display morphological and functional features of en-
terocytes, and form an intact permeability barrier, which could be
reflected by heightened transepithelial electronic resistance (TEER),
blockage of fluorescent molecule penetration, and formation of cell
adhesion architecture (22). Thus, polarized Caco-2 cells in Transwell
culture have been used to model human gastrointestinal epithelium
and cellular barrier across the epithelium (22). We used the po-
larized Caco-2 cells to recapitulate the kinetics of viral growth and
pattern of virus release in human intestinal epithelium after MERS-CoV
inoculation.

After 2 weeks of Transwell culture, the polarized Caco-2 cells
formed an intact epithelial barrier, as shown in fig. S3. The cell mono-
layers were then apically or basolaterally inoculated with MERS-CoV
at an MOI of 0.1. Cell-free media in the upper and bottom chambers
were harvested at the indicated time points for viral load quantification.
Because of the formation of an intact epithelial barrier in the polar-
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ized Caco-2 cells, the viral loads detected from the media of the upper
and bottom chambers can reflect the genuine pattern of virus release.
As shown in Fig. 4A, after both apical and basolateral inoculation, the
virus significantly replicated and bilaterally released into the media in
the upper and bottom chambers. No infectious virus was detectable
in the culture media at 2 hpi, whereas progeny virions were released
from the apical and basolateral sides in both inoculation routes at
24 hpi (Fig. 4B). In addition, apical inoculation was more effective in
establishing infection than basolateral inoculation. At 24 hours after
a high MOI (2.0) inoculation, the infection rate, that is, the percent-
age of MERS-CoV NP-positive cells in apical inoculation, was signifi-
cantly higher than that in basolateral inoculation (P = 0.038, Fig. 4C).
Accordingly, the active caspase-3—positive cells, which underwent
virus-induced apoptosis, were significantly more abundant in apical
inoculation than in basolateral inoculation (P = 0.001). The higher
infection efficiency in apical inoculation was further substantiated in
immunofluorescence staining, which markedly revealed more abun-
dant NP-positive cells via apical inoculation than basolateral inocula-
tion (Fig. 4D). Collectively, both apical and basolateral inoculations of
MERS-CoV resulted in robust viral replication in the polarized Caco-2
cells. Progeny virions were released bilaterally upon infection. More-
over, apical MERS-CoV inoculation was more effective in establish-
ing infection than basolateral inoculation.

MERS-CoV infection in hDPP4 transgenic mice
We proceeded to evaluate whether direct intragastric MERS-CoV
inoculation in the hDPP4 transgenic mouse can cause gastrointestinal
infection and whether the gastrointestinal infection is followed by a
respiratory infection. The hDPP4 mouse experiments were performed
using our previously established mouse model of MERS-CoV infection
(23). First, nine female mice were inoculated with 10° PFU of MERS-
CoV via intragastric gavage; three of them were pretreated with a
proton pump inhibitor, pantoprazole, to improve the viability of MERS-
CoV in the mouse stomach because the in vitro experiment suggested
the acid lability of MERS-CoV. At day 5 after virus inoculation, three
pantoprazole-pretreated mice and three phosphate-buffered saline
(PBS)—pretreated mice were sacrificed. At day 8 after inoculation, two
mice lost more than 10% of their body weight and were sacrificed,
whereas one mouse succumbed to the infection. Thus, direct intra-
gastric MERS-CoV inoculation in hDPP4 mice may result in a lethal
infection. To characterize the early events after intragastric MERS-
CoV inoculation, nine female hDPP4 mice were inoculated via intra-
gastric gavage; three mice were sacrificed at days 1, 3, and 5 after
challenge, respectively. In addition, to exclude possible virus access
to the airway during intragastric gavage, we directly injected 10° PFU
of MERS-CoV into the stomach (intragastric injection hereafter) of
12 hDPP4 mice after a minor laparotomy. Six mice were pretreated
with pantoprazole or mock-treated with PBS before the inoculation;
three mice of each group were sacrificed at days 3 and 5 after inoculation.
Histopathological examination revealed that small intestines of all
intragastrically inoculated mice displayed increased mononuclear cell
infiltration in the lamina propria, with broadening of the intestinal
villi and increased sloughing of surface epithelium. The intervening
mucosa was basically normal. Figure 5A (a to c) shows the pathology
of small intestines in the mice sacrificed at days 1, 3, and 5 after in-
oculation, respectively, indicating deteriorating inflammation and epi-
thelial degeneration after virus inoculation. The pantoprazole-treated
mice sacrificed at day 5 displayed more extensive and more prominent
pathology in small intestine than the PBS-treated mice (Fig. 5A, dand e).

50f 12

1102 ‘vT Jaquiadaq uo /610 Bewasusios saoueApe//:dny wolj papeojumod


http://advances.sciencemag.org/

SCIENCE ADVANCES | RESEARCH ARTICLE

The mock-infected mouse showed a negligible pathological change
in the intestines (Fig. 5A, f) . Immunofluorescence staining was per-
formed to identify the viral antigen (NP)-positive cell in the intes-
tines of the inoculated mice. It was shown that intestinal epithelial
cells were intensively infected at day 1 after inoculation (Fig. 5B, a to
¢). The infected cells were patchily distributed in the surface epithelia
of small intestines (Fig. 5B, a and b). In some areas, the infected
enterocytes formed syncytia (Fig. 5B, ¢, and fig. S4, A and B). At days
5 and 8 after inoculation, the NP-positive cells were distributed more
widely in small intestines and emerged in the lamina propria (arrows
in Fig. 5B, d to f) and Peyer’s patch (arrowhead in Fig. 5B, d). Double
staining of viral NP and CD68 revealed that some infected cells in the
lamina propria were macrophages (Fig. 5B, f). Consistent with the mas-

sive inflammatory infiltration in small intestines of the inoculated mice
as shown by hematoxylin and eosin (H&E) staining, CD3-positive
lymphocytes were more abundant in the infected mice (Fig. 5B, a, b,
and e) than those in the mock-infected mouse (Fig. 5B, h). Although
there was no overt pathology in colon epithelium, NP-positive epithelial
cells were nevertheless sparsely distributed in colon epithelium of in-
fected mice (Fig. 5B, g). The viral load increased in small intestines of
intragastrically injected mice, especially in the pantoprazole-pretreated
mice (Fig. 5C), indicating a correlation between viral replication and
intestinal pathology. However, the attempt to identify live virus from
the intestine failed because the inoculation of the intestine homoge-
nates, even the diluted homogenates, caused significant cell death and
detachment of the monolayers.
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Fig. 4. MERS-CoV replication and cell apoptosis in the polarized Caco-2 cells. (A and B) The polarized Caco-2 cells were inoculated with MERS-CoV in duplicate from
the apical or basolateral side of the monolayer with an MOI of 0.1. At the indicated hpi, cell-free media were harvested from the upper and bottom chambers for viral load
quantification. The experiments were independently performed twice. A representative experiment is presented. (A) Viral gene copy number in the medium collected
from the upper chamber (Apical release) and bottom chamber (Basolateral release) after apical inoculation (Apical inoc) and basolateral inoculation (Basolateral inoc).
(B) Viral titer in the media harvested at 24 hpi detected by plaque assay. No plague was detected in the media at 2 hpi. (C and D) The polarized Caco-2 cells were inoculated
from the apical or basolateral side with MERS-CoV at an MOI of 2 or mock-inoculated. (C) At 24 hpi, cells were fixed after dissociation and applied to flow cytometry to
detect the expression of MERS-CoV NP and activated caspase-3. The left and middle panels are the histograms of one representative experiment. The right panel presents
means and SD of three independent experiments. *P < 0.05. (D) At 24 hpi, the polarized Caco-2 cells seeded on polycarbonate membranes were fixed and applied to
immunofluorescence staining of MERS-CoV NP (red) and imaged en face.
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Fig. 5. MERS-CoV enteric infection in hDPP4 transgenic mice. hDPP4 mice were inoculated with MERS-CoV via direct intragastric gavage or intragastrically injected as
described in Materials and Methods. (A) (a to c) Representative histopathology in small intestines at days 1, 3, and 5 after inoculation, respectively. (d and e) Small intes-
tines of pantoprazole-pretreated mice at day 5 after inoculation. (f) Small intestine of a mock-infected mouse. H&E staining, magnification x200. (B) Identification of
MERS-CoV-infected cells in the intestines of the inoculated hDPP4 mice with immunostaining of NP and cell type markers. (a to c) Virus-positive enterocytes in mice at
day 1 after inoculation. The infected enterocytes (c) form syncytia. (d to f) Virus-infected cells in mouse intestines at days 5 and 8 after inoculation, respectively. Arrows
show NP-positive cells in the lamina propria, including the NP/CD68 double-positive macrophage (f). The arrowhead (in d) indicates virus-positive cells in Peyer’s patch.
(g) Virus-positive cells in the colon of an inoculated mouse. (h) Costaining of NP/CD3 in the mock-infected mouse. (C) Three intragastrically injected mice of the indicated
groups were sacrificed at the indicated day after inoculation; intestine homogenates were applied for the quantification of viral load by RT-qPCR. The gray and black bars
represent the viral loads of the mice pretreated with pantoprazole and mock-treated with PBS, respectively. Data are means and SD of three mice.
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In the early phase up to day 5 after virus inoculation, the lung
tissues of the inoculated mice showed minimal degree of inflamma-
tion (Fig. 6A, a). However, the pantoprazole-pretreated mice, which
were sacrificed at the same day after inoculation, exhibited prominent
pulmonary inflammation (Fig. 6A, b and c). Histological examination
revealed marked infiltration of mononuclear cells and lymphocytes
in the alveolar septa, indicating interstitial inflammation. Without
pantoprazole pretreatment, the mice also exhibited inflammatory in-
filtration in the lung tissue at day 8 after intragastric gavage (Fig. 6A,
d). Notably, NP-positive pneumocytes were identified in these mice
(Fig. 6A, f). As expected, the abundance and distribution of virus-
positive cells in the lung tissues of intragastrically inoculated mice
were more limited than those in the intranasally inoculated mouse
(fig. S4C). Consistent with the viral propagation in small intestines of
intragastrically injected mice, viral load was elevated in the lung tissues
of these mice at day 5 after inoculation, particularly in the pantoprazole-
pretreated mice (Fig. 6B). Notably, infectious virions were detected
in the lung homogenates of the intragastrically injected mice at day 5
after inoculation by plaque assay (fig. S5), which further verified the
lung infection in these mice (Fig. 6A). We and others (24, 25) observed
brain infection in the intranasally inoculated hDPP4 mice. Likewise,

the intragastrically injected mice also developed brain infection. In-
fectious virions were detected in the brain homogenates at day 5 after
infection (fig. S5). The infected mice exhibited increased viral loads in
the brain tissues. In summary, the direct intragastric MERS-CoV in-
oculation initiated an infection in the intestinal mucosa, leading to
progressive inflammation and epithelial degeneration. With the pro-
gression of intestinal MERS-CoV infection, a sequential respiratory
infection occurred.

DISCUSSION

The MERS epidemic has persisted for about 5 years. However, important
issues related to the public health, such as mode of virus transmission
and infection route, remain poorly understood. Because MERS pri-
marily manifests as a respiratory infection, airway exposure is intuitively
assumed to be the infection route, which contributes substantially to
human MERS infections (3, 26). Epidemiological studies, biological
evaluation of the virus, and bioinformatic prediction collectively sug-
gested that humans may also acquire MERS-CoV infection via the gastro-
intestinal tract. Here, we aimed to elucidate whether the gastrointestinal
tract could serve as an alternative route to acquire MERS-CoV infection
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Fig. 6. Inflammation and MERS-CoV infection in the lung tissues of hDPP4 mice. (A) Lung tissues in the mice without pantoprazole pretreatment (a) versus those in
pantoprazole pretreatment (b and c) at day 5 after intragastric MERS-CoV inoculation. (d) Lung pathology in an inoculated mouse at day 8 after intragastric inoculation
without pantoprazole pretreatment. (f) Lung tissue of a mock-infected mouse. H&E staining, magnification x200. () Immunostaining shows virus-positive cells (green) in the
lung tissue of a mouse at day 8 after intragastric inoculation. (B) Lung tissues were harvested from three intragastrically injected mice at the indicated day after inoculation
and homogenized for the quantification of viral load by RT-qPCR. The gray and black bars represent the viral loads of the mice pretreated with pantoprazole and

mock-treated with PBS, respectively. Data are means and SD of three mice.
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and whether gastrointestinal tract exposure to MERS-CoV may even-
tually lead to a respiratory infection.

We demonstrated that human primary intestinal epithelial cells
were highly susceptible to MERS-CoV and could support viral repli-
cation (Fig. 1A). MERS-CoV infection and replication were further
verified in an ex vivo culture of human small intestine (Fig. 1, Band C)
and reinforced by identification of the viral replication intermediate
in the stool specimen of a MERS patient (Fig. 1D). We further charac-
terized MERS-CoV infection and replication in human intestinoids
(Fig. 2), a novel ex vivo model system that can faithfully simulate the
in vivo human intestinal epithelium. Notably, MERS-CoV replicated
more robustly in human intestinoids than in primary respiratory epi-
thelial cells and ex vivo lung tissues (27, 28). The MERS-CoV receptor
DPP4 is known as the major determinant of host and tissue tro-
pisms in MERS-CoV (29). According to the public database Human
Protein Atlas, human small intestine expresses the highest level of DPP4
mRNA and protein among all human organs, including lung and
bronchus. Thus, the abundantly expressed DPP4 in human intestine
may account for high susceptibility of these cells to MERS-CoV.

We also showed that MERS-CoV lost infectivity in highly acidic
fasted-state gastric fluid, whereas it was considerably resistant to fed-
state gastric fluid and intestinal fluid, which contains a large amount
of digestive enzymes and bile salts (Fig. 3). It was documented that
enveloped coronaviruses, unlike most enveloped viruses, are notably
resistant to bile salts (30). Here, we verified the stability of MERS-CoV
in bile salts in a very stringent setting, where the viruses were incubated
with 10 volumes of FeSSIF containing a high concentration of bile salts.
However, the acid instability of MERS-CoV shown in Fig. 3 seemed
paradoxical, now that the intragastric inoculation of MERS-CoV caused
the enteric infection in hDPP4 mice. Coincidently, an earlier study with
a similar experimental setting documented the acid lability of rotavirus
(31), a typical gastrointestinal virus that commonly causes gastroenteritis
in mammals. In our study, apart from the same pH of 2.0 as in the
previous study, pepsin was additionally supplemented to better simulate
the authentic fasted-state gastric fluid. Thus, the lability of MERS-CoV
in highly acidic FaSSGF, as shown in the in vitro assay, was probably
an exaggerated result. In a real-life scenario, especially during food
intake, the virus may not be exposed to such a large volume of pure
gastrointestinal fluids as in the experimental setting.

MERS-CoV intestinal infection was hinted in an earlier study of
intranasally inoculated hDPP4 mice (24), in which an increasing viral
load was observed in mouse intestines after MERS-CoV inoculation.
Here, we characterized MERS-CoV enteric infection in hDPP4 trans-
genic mice. After intragastric inoculation, the hDPP4 mice displayed
viral antigen (NP)-positive cells, deteriorating inflammation, and
epithelial degeneration in small intestines (Fig. 5, A and B). The viral
NP-positive cells, which were distributed focally at day 1 after inocu-
lation, became more diffuse in intestinal mucosa over time (Fig. 5B).
In Transwell culture, the infected Caco-2 cells can release progeny
virions apically and basolaterally (Fig. 4). Thus, it was not unexpected
that NP-positive cells appeared in the lamina propria and lymphoid
tissue of small intestine as the enteric infection progressed (Fig. 5B).
Likewise, it is conceivable that the viruses produced in the intestinal
mucosa of hDPP4 mouse may access the lymph flow and/or the blood-
stream via the abundant lymphatic vessels and venules in the lamina
propria of small intestine, respectively; they could be further transported
to right heart via the thoracic duct and superior vena cava, and are dis-
seminated to the lungs. The intragastrically inoculated mice exhib-
ited minimal lung pathology at the early phase. Interstitial pneumonia
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occurred as the enteric infection developed; meanwhile, NP-positive
cells emerged in the pulmonary parenchyma (Fig. 6A). Correspond-
ingly, live viruses were identified in the lung homogenates of intra-
gastrically injected mice, in which aspiration of the virus inoculum into
airway was basically excluded. Consistent with the possibility of hema-
togenous viral trafficking, the lung tissues of intragastrically inoculated
mice showed prominent interstitial pneumonia with thickened alve-
olar septa and mononuclear cell filtration. As frequently reported in
the intranasally inoculated hDPP4 mice, brain infection also occurred
in our intragastrically infected mice (fig. S5). Thus, further investiga-
tion is required to exclude the possibility that the dysfunctional brain-
stem due to brain infection may be attributable to the lung infection.
Nevertheless, our results indicated that the MERS-CoV pulmonary in-
fection in hDPP4 mice was secondary to the intestinal infection. Clin-
ically, respiratory symptoms may not be the initial presentations of
MERS patients (32, 33). Respiratory infection as a subsequent mani-
festation was documented in some MERS patients, whose onset of
symptoms was diarrhea and fever. In a case report, lung inflamma-
tion was an incidental finding on chest radiograph. The patient sub-
sequently developed severe respiratory disease and died (34).

Virus dissemination and infection of other organs after gastro-
intestinal tract exposure occur in other viruses. For example, the di-
rect intragastric inoculation of the avian influenza virus H5N1 in ferrets
and hamsters caused systemic viral dissemination via the bloodstream
(35). Human picornavirus, hepatitis A virus, enters the bloodstream
after infecting human intestinal epithelium and ultimately establishes
infection in the liver (36). Apart from the respiratory tract, the human
alimentary tract is another common site for viral entry. Enteric viruses
and even some non-enteric viruses can bypass the physical barriers
and infect susceptible cells in the alimentary tract. To date, six human
coronaviruses have been identified as the causative agents of mild or
severe respiratory infections. The concomitant gastrointestinal symp-
toms are frequently observed in some human coronaviruses. For ex-
ample, the human coronavirus OC43, which is closely related to bovine
coronavirus phylogenetically, caused gastrointestinal symptoms in up
to 57% of the infected patients (37). Notably, enteric involvement was
verified in human infection of severe acute respiratory syndrome
coronavirus (SARS-CoV), which caused a large-scale epidemic with more
than 8000 human infections in 2002-2003 (38). Active SARS-CoV rep-
lication was identified in the small and large intestine specimens from
colonoscopy biopsy and autopsy (39). A significant portion of SARS
patients had gastrointestinal symptoms; the viral load was the highest
in stool specimens, followed by nasopharyngeal aspiration specimens
(40). Thus, the human gastrointestinal tract was speculated to be the
primary infection site of SARS-CoV (41), which raised a fearsome
concern of dual infectivity of SARS-CoV as being both a respiratory
and gastrointestinal pathogen. However, no serious study has been
reported to address the important issue. In contrast to the ambiguity
of virus acquisition via the alimentary tract in human coronaviruses,
it has been known that most animal coronaviruses, such as bovine
coronavirus and porcine transmissible gastroenteritis virus, can pri-
marily infect either the enteric or respiratory tract or sometimes trans-
locate between sites (42, 43). Until now, however, whether human
and animal coronaviruses share similarity in terms of a dual acquisition
route has remained unanswered. Here, we addressed this long-standing
question in human intestinal epithelial cells, intestinal organoids, and hDPP4
transgenic mice. We demonstrate that the human intestinal tract serves
as an alternative infection route for MERS-CoV. The knowledge obtained
from this study will provide a scientific basis for the implementation
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of effective intervention/prevention strategies to halt the continuing
MERS epidemic.

MATERIALS AND METHODS

Virus infection in human primary intestinal epithelial cells,
small intestine explants, intestinal organoids, and

polarized Caco-2 cells

MERS-CoV of the EMC/2012 strain was provided by R. Fouchier
(Erasmus Medical Center) (1). Clonetics normal human intestinal
epithelial cells (InEpC, Lonza) were cultured in SmGM-2 Bullet me-
dium with growth supplements. At 24 hours after MERS-CoV inocu-
lation with an MOI of about 10, cells seeded on chamber slides were
fixed with 4% paraformaldehyde and applied to immunofluorescence
staining; cell-free medium and cells in a 96-well plate were harvested
for the quantification of viral load with viral RNA extraction and RT-
qPCR, as we described previously (44). Under the protocol approved
by Institutional Review Board of the University of Hong Kong/Hospital
Authority Hong Kong West Cluster (HKU/HA HKW IRB, UW 13-364),
normal small intestine was obtained for virus inoculation from a pa-
tient who underwent surgical resection. The full-thickness tissue was
excised into about 0.3 cm x 0.6 cm strips, positioned in a 12-well
culture plate, and incubated with 10" PFU of MERS-CoV at 37°C for
2 hours. After the inoculated explants were rinsed with MEM sup-
plemented with antibiotics, they were positioned onto Transwell inserts
precoated with Matrigel. More Matrigel was applied to brace around
the explants, with mucosa facing upward. The bottom chamber con-
tained 1 ml of DMEM supplemented with six antibiotics (detailed in-
formation will be provided upon request). At the indicated hpi, the
explants were harvested for the quantification of viral load and
immunofluorescence staining after fixation.

Intestinal organoids derived from normal human colon were cul-
tured, and differentiation was induced as described elsewhere (18).
The differentiated intestinoids were mechanically sheared with Pasteur
pipettes and incubated with MERS-CoV at 37°C for 2 hours with the
addition of 10 uM Rho-associated coiled-coil-containing protein
kinase (ROCK) inhibitor Y-27632 (STEMCELL Technologies) to in-
hibit spontaneous apoptosis during the inoculation. An inoculum of
10° PFU of MERS-CoV was used to infect one droplet of intestinoids
(containing 50 to 100 intestinoids), with an estimated MOI of 0.05.
After the inoculum was removed, the virus-inoculated intestinoids
were rinsed with PBS and then re-embedded in Matrigel and cultured
in a 24-well plate with culture medium. At the indicated hpi, the in-
testinoids were harvested for the quantification of viral load with RNA
extraction and RT-qPCR, whereas cell-free Matrigel and culture me-
dium were used for viral load detection and viral titration with plaque
assay. In addition, infected or mock-infected intestinoids were fixed
with 4% paraformaldehyde at 24 hpi, followed by immunofluores-
cence staining and confocal imaging. Moreover, a proportion of infected
or mock-infected intestinoids, after fixation and antibody staining, were
applied to flow cytometry for the examination of infection rate.

Caco-2 cells were seeded on polycarbonate inserts (0.4 um pore size)
of a 12-well Transwell plate (Corning) at a cell density of 10° cells/cm”
in DMEM supplemented with 10% fetal bovine serum (FBS). Culture
medium was changed every 3 days. The TEER was measured every
3 days using Millicell ERS-2 Volt-Ohm Meter (EMD Millipore). To
monitor the integrity of the Caco-2 monolayer as an epithelial barrier,
at the indicated day after seeding, fluorescein isothiocyanate—-dextran
with a molecular weight of 10 k (Sigma-Aldrich) was added in the

Zhou et al., Sci. Adv. 2017; 3 : eaa04966 15 November 2017

-12-

culture medium of the upper chamber at a concentration of 1 mg/ml and
incubated at 37°C for 4 hours. Subsequently, the culture media were
harvested from the upper and bottom chambers to detect the fluores-
cence intensity using the Victor XIII Multilabel Reader (PerkinElmer).
When TEER and epithelial integrity reached a plateau after 2 weeks
of Transwell culture, the polarized Caco-2 cells were inoculated with
MERS-CoV from the apical or basolateral side of the monolayer at an
MOI of 0.1 and then maintained in DMEM without FBS. At the indi-
cated time points after inoculation, cell-free media were harvested from
the upper and bottom chambers for viral load quantification and viral
titration. To examine the MERS-CoV infection efficiency in the polar-
ized Caco-2 cells, the cells were inoculated from the apical or baso-
lateral side with MERS-CoV atan MOI of 2 or mock-inoculated. At 24 hpi,
Caco-2 monolayers were disassociated into a single-cell suspension
after incubation with 0.25% trypsin-EDTA for 30 min and then fixed for
flow cytometry analysis after antibody staining. The polarized Caco-2
cells seeded on polycarbonate membranes were fixed and then excited
from Transwell inserts for immunofluorescence staining.

Detection of subgenomic RNA in stool specimens of

MERS patients

We applied RT-PCR assays, using a leader-specific primer, and primer
and probe targeting sequence downstream of the start codon of the
most abundant N gene sgRNA to test whether sgRNA, the replication
intermediate, is detectable in MERS-CoV RNA-positive stool specimens
collected from MERS patients (17). Oligonucleotide sequences are as
follows: MERS-sgRNA-rtF, ACTTCCCCTCGTTCTCTTGCAG; MERS-
sgRNA-rtP, FAM-CACGAGCTGCACCAAATAACACTGTCTC-BHQ;
and MERS-sgRNA-1tR, GTAAGAGGGACTTTCCCGTGTTG. SSIII
RT-PCR kit (Thermo Fisher Scientific) was used with 400 nM of each
of the primers and 200 nM of the probe. Thermal cycling involved
10 min at 55°C for reverse transcription, followed by 3 min at 95°C and
45 cycles of 10 s at 95°C, 10 s at 56°C, and 20 s at 72°C. The products
of sgRNA RT-PCR assay were analyzed on agarose gel, and tentative
bands were sequenced.

MERS-CoV treatment with simulated gastrointestinal fluids
FaSSGF, FeSSGF, and FeSSIF powders (Biorelevant) were prepared
into solutions according to the manufacturer’s instruction. FaSSGF was
additionally supplemented with pepsin (0.1 mg/ml; Sigma-Aldrich). A
volume of 500 pl of MERS-CoV solution (7.5 X 10° PFU) was mixed
with 5 ml of FaSSGF, FeSSIF, FeSSGF, or DMEM and then incubated
at 37°C for the indicated minutes. An aliquot (1 ml) of the virus/fluid
mixture was then sampled for virus titration in Vero-E6 cells after neu-
tralization to pH 7.0 with 2.5 M sodium hydroxide. Human entero-
virus EV71 and human coronavirus hCoV-229E were treated with
the stimulated gastrointestinal fluids for comparison.

MERS-CoV infection in hDPP4 transgenic mice

First, nine female hDPP4 mice, 8 to 9 weeks old, were inoculated
with 10° PFU of MERS-CoV (200 ul) via direct intragastric gavage.
Three mice were administered with the proton pump inhibitor panto-
prazole (40 mg/kg body weight) or PBS via intraperitoneal injection
2 hours before the virus challenge. At day 5 after virus inoculation,
three pantoprazole-treated and three PBS-treated mice were sacrificed
to harvest the lung and intestine for histopathological examination
and viral load detection. Next, nine female hDPP4 mice were infected
via intragastric gavage to characterize the early events after MERS-CoV
inoculation. Atdays 1, 3, and 5 after intragastric gavage of MERS-CoV,
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three mice were sacrificed to harvest the lung and intestine. To exclude
the possible aspiration to the mouse airway during the intragastric
gavage, 12 female mice, 6 of them pretreated with pantoprazole or
mock-treated with PBS, were directly injected with 10° PFU of MERS-
CoV (100 pl) into the mouse stomach after a 0.5-cm incision was
made in the abdominal wall to expose the mouse stomach. Three
pantoprazole- and PBS-treated mice were sacrificed at days 3 and
5 after infection. Mouse small intestine, lung, and brain were homog-
enized to detect live virus with plaque assay and quantify viral load
with RT-qPCR. In each experiment, at least one mouse was inoculated
with PBS as the mock infection control. The animal experiments were
approved by the Institutional Animal Care and Use Committee of
the Laboratory Animal Center, State Key Laboratory of Pathogen and
Biosecurity, Beijing Institute of Microbiology and Epidemiology
(BIME 2015-0025).

Immunofluorescence staining of the infected cells,
intestinoids, and tissues

To identify virus-positive cells, cells on chamber slides and Transwell
inserts, human intestinoids, slides of human small intestine, or mouse
tissues were subjected to immunofluorescence staining, as described
previously (45). Briefly, after permeabilization and blocking, cells, in-
testinoids, and tissues were stained with a guinea pig antiserum against
MERS-CoV NP, followed with secondary antibodies including goat
anti-guinea pig Alexa Fluor 488 immunoglobulin G (IgG) or goat
anti-guinea pig Alexa Fluor 594 IgG (Abcam). For intestine explants
and intestinoids, CK19 (YM3051, ImmunoWay), a marker of intestinal
epithelial cell, was costained with an anti-NP antibody. To define the
identity of the viral NP-positive cells in the tissues of infected hDPP4
mice, apart from the labeling of MERS-CoV NP, double staining was
performed using a rat anti-mouse monoclonal CD68 antibody (FA-11,
Abcam) and Alexa Fluor 568 goat anti-rat IgG (Life Technologies).
After staining, intestinoids were whole-mounted with VECTASHIELD
HardSet Antifade Mounting Medium (Vector Laboratories). The whole-
mounted intestinoids, chamber slides, Transwell inserts, and tissue slides
were imaged using a Carl Zeiss LSM 780 or 800 confocal microscope.

Flow cytometry analysis

MERS-CoV-infected human intestinoids and Transwell-cultured Caco-2
cells were digested into a single-cell suspension and fixed with 4%
paraformaldehyde. MERS-CoV-positive cell was detected with the
same MERS-CoV NP antiserum and goat anti-guinea pig Alexa Fluor
488 IgG, as described above. Active caspase-3 was detected with an
Alexa Fluor 647-conjugated rabbit anti-human active caspase-3 anti-
body (BD Pharmingen). Cell permeabilization for intracellular stain-
ing was performed with 0.1% Triton X-100 in PBS. Immunostaining
for flow cytometry was performed following standard procedures (46).
The flow cytometry was performed using the FACSCanto II Analyzer
(BD Biosciences), and data were analyzed using FlowJo vX (Tree Star).

Statistical analysis
Student’s ¢ test was used for data analysis. P < 0.05 was considered
to be statistically significant.

SUPPLEMENTARY MATERIALS

Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/3/11/eaa04966/DC1

fig. S1. MERS-CoV replication in human primary intestinal epithelial cells.

fig. S2. Expression of human DPP4 on the surface of epithelial cells in intestinoids.
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fig. S3. Formation of intact epithelial barrier in the polarized Caco-2 cells after Transwell
culture.

fig. S4. The virus-positive cells in small intestine of an intragastrically inoculated mouse and
those in the lung tissue of an intranasally inoculated mouse.

fig. S5. Identification of live viruses in the lung and brain homogenates and increased viral
load in the brain tissues of intragastrically injected mice.
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ABSTRACT Western blotting (WB) for human T cell leukemia virus type 1 (HTLV-1)
is performed to confirm anti-HTLV-1 antibodies detected at the initial screening of
blood donors and in pregnant women. However, the frequent occurrence of indeter-
minate results is a problem with this test. We therefore assessed the cause of inde-
terminate WB results by analyzing HTLV-1 provirus genomic sequences. A quantita-
tive PCR assay measuring HTLV-1 provirus in WB-indeterminate samples revealed
that the median proviral load was approximately 100-fold lower than that of WB-
positive samples (0.01 versus 0.71 copy/100 cells). Phylogenic analysis of the com-
plete HTLV-1 genomes of WB-indeterminate samples did not identify any specific
phylogenetic groups. When we analyzed the nucleotide changes in 19 HTLV-1 iso-
lates from WB-indeterminate samples, we identified 135 single nucleotide substitu-
tions, composed of four types, G to A (29%), C to T (19%), T to C (19%), and A to G
(16%). In the most frequent G-to-A substitution, 64% occurred at GG dinucleotides,
indicating that APOBEC3G is responsible for mutagenesis in WB-indeterminate sam-
ples. Moreover, interestingly, five WB-indeterminate isolates had nonsense mutations
in Pol and/or Tax, Env, p12, and p30. These findings suggest that WB-indeterminate
carriers have low production of viral antigens because of a combination of a low
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HTLV-1 Genomic Changes and Indeterminate WB Results

proviral load and mutations in the provirus, which may interfere with host recogni-
tion of HTLV-1 antigens.

KEYWORDS nonsense mutation, nucleotide substitution, proviral load, provirus,
Western blot indeterminate, human T cell leukemia virus, nucleic acid technology

uman T cell leukemia virus type 1 (HTLV-1) infection is endemic in various regions,

including sub-Saharan Africa, the Caribbean, parts of South America, the Middle
East, Australo-Melanesia, and the southwestern area of Japan (1, 2). HTLV-1 can be
transmitted through prolonged breast feeding, sexual intercourse, and transfusion of
contaminated blood. In some African countries, zoonotic transmission to humans by
severe bites from simian T cell leukemia virus type 1-infected monkeys has been
observed (3). The majority of infected people live without any symptoms; however, in
a portion of carriers, HTLV-1 causes adult T cell leukemia (ATL), HTLV-1-associated
myelopathy/tropical spastic paraparesis, and HTLV-1 uveitis/HTLV-1-associated uveitis
after a long period of latency (4).

Diagnosis of HTLV-1 infection is usually made by serological testing at the initial
screening of blood donors, in pregnant women, and in suspected HTLV-1-related
diseases. A variety of serological screening kits are available, including chemilumines-
cent enzyme immunoassays (CLEIAs), chemiluminescent immunoassays, and particle
agglutination assays, followed by confirmation by Western blotting (WB) (5-9). WB
measures the serological reaction to both Gag core proteins (p19, p24, and p53) and
the Env protein gp46 (10). In the ProBlot HTLV-1 WB test kit, at least one Gag band and
an Env gp46 band should be detected for an HTLV-1-positive result. However, incom-
plete antibody binding to HTVL-1 Gag or Env is often observed and therefore the result
is classified as indeterminate (see Table S1 in the supplemental material).

The proportion of indeterminate WB results is reported to be high in areas such
as Zaire (68%) and Central Africa (65.65%) (11, 12). The frequent occurrence of the
indeterminate pattern in WB makes it difficult to diagnose the infection correctly.
Causes of these indeterminate results have been reported to be cross-reactivity with
Plasmodium falciparum infection (13-15), infection with HTLV-3 and HTLV-4 (16, 17),
and delayed seroconversion with low antibody titers (18-22). In those with WB-
indeterminate samples, the indeterminate result is sometimes sustained for a long time
(18, 19, 23). Nevertheless, it has been reported that a significant portion of HTLV-1
WB-indeterminate samples are positive for provirus by DNA testing, i.e., 12.5% of
WB-indeterminate blood donors in Iran, 9.2% in Brazil, 14.7% (5 of 34) in Argentina, and
42% of patients with neurologic symptoms and 44% of blood donors in the United
States (19, 24-27). Thus, in addition to serological testing, proviral DNA detection by
quantitative PCR (qPCR) and/or qualitative PCR with HTLV-1-specific primers and a
probe against genomic DNA is considered one of the best methods to resolve issues in
diagnosis. However, the reason why HTLV-1 provirus-positive blood initially returns an
indeterminate result by WB is unclear, especially as it is unlikely that all provirus-
positive samples were in the window period of the viral infection prior to antibody
formation.

In this study, we assessed the mechanism causing indeterminate WB results by
analyzing the complete HTLV-1 genome in WB-indeterminate samples. Furthermore,
we evaluated the advantages of HTLV-1 qPCR for cases that were not clearly diagnosed
by serological testing.

RESULTS

Provirus detection in WB-indeterminate samples. To detect the HTLV-1 provirus
with high sensitivity, we first evaluated the suitable amount of genomic DNA used in
HTLV-1 gPCR in eight Japanese laboratories. To assess the detection limit of the gPCR
assay in these laboratories, peripheral blood mononuclear cells (PBMCs) that were
spiked with low concentrations of HTLV-1-infected cells were analyzed. All laboratories
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FIG 1 PVLs of WB-indeterminate clinical samples. (A) gPCR was performed three times on different days independently with PBMCs spiked with TL-Om1
cells at concentrations of 0.0002 to 0.05%. Laboratories used different amounts of genomic DNA and their in-house qPCR methods. A number in
parentheses under a letter corresponding to a laboratory indicates the amount (in nanograms) of DNA used in the reaction mixture. The PC
(positive-control) sample consisted of genomic DNA from 0.8% TL-Om1/PBMC. Tests were performed with duplicate or triplicate wells. A plus sign
indicates that all of the wells were positive, a minus sign indicates that all of the wells were negative, and a plus sign with an asterisk indicates that
there was at least one negative well in the results. NT, not tested. Gray shading indicates that there was at least one negative result in the test. (B, part
a) HTLV-1 PVLs (number of copies per 100 cells) of WB-positive (n = 100; left) and WB-indeterminate (n = 23; right) blood donors. (B, part b) PVLs of

WB-indeterminate pregnant women (n = 32). Bars indicate median PVLs.

could detect the provirus at concentrations of approximately 4 copies/10° cells when
laboratories used >500 ng of genomic DNA in the PCR (Fig. 1A).

We collected genomic DNA from the peripheral blood of pregnant women with
indeterminate WB results (n = 196) from all over Japan and of blood donors from two
geographic areas, one where HTLV-1 infection is endemic (n = 39) and the other where
itis not (n = 61). The frequency of HTLV-1 provirus and the HTLV-1 proviral loads (PVLs)
in these WB-indeterminate samples were then measured by the optimized qPCR
method (by using 1 ug of genomic DNA). The percentage of provirus-positive blood
donors differed according to where the blood was collected (46.2% where HTLV-1
infection is endemic and 8.2% where it is not) (Table 1). Similarly, provirus was detected
in 16.5% of WB-indeterminate pregnant women. Among the provirus-positive samples,
the median PVL (number of copies per 100 cells) was 0.011 in blood donors (n = 23)
and 0.008 in pregnant women (n = 32) (Fig. 1 and Table 1). Meanwhile, the median PVL
of WB-positive blood donors (n = 100, a mixture of the two sample areas) was 0.71
copy/100 cells. From these results, the PVL of WB-indeterminate samples was approx-
imately 100-fold lower than that of WB-positive donors (Fig. 1). The antibody titers
of provirus-positive WB-indeterminate samples were higher than those of provirus-
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TABLE 1 Provirus detection by qPCR and PVLs of WB-indeterminate samples

Total no. No. (%) provirus Median PVL?
Sample source and region? analyzed positive (95% CI<)
Blood donors
Endemic 39 18 (46.2) 0.011 (0.002-0.029)
Nonendemic 61 5(8.2)
Pregnant women nationwide 194 32(16.5) 0.008 (0.002-0.014)

aWhere HTLV-I infection is endemic or nonendemic.
bHTLV-1 PVL (number of copies/100 cells).
<Cl, confidence interval.

negative WB-indeterminate samples (P < 0.0001; Fig. S2). A significant correlation
between PVLs and antibody titers in the initial screening test of blood donors was not
observed (data not shown).

Phylogenetic features of the provirus were not associated with the indetermi-
nate result. In the HTLV-1 screening, we occasionally had samples that the PCR results
indicated were positive for HTLV-1; however, these infections could not be confirmed
by WB. For example, Matsumoto et al. recently reported that 33 of 600 CLEIA-positive
blood donor samples were provirus positive but WB indeterminate and 2 of 600
CLEIA-positive samples were provirus positive but WB negative (28). We hypothesized
that genomic features of HTLV-1 may be associated with the indeterminate results of
the antibody test.

To investigate the causative phylogenetic feature of HTLV-1 in WB-indeterminate
blood donor samples, the full genomic sequences of 114 HTLV-1 WB-positive and 19
WB-indeterminate samples were determined by direct sequencing. A total of 1,085
single nucleotide variants (SNVs) were found in these 133 isolates and four HTLV-1
genomes that were registered as from Japan (ATK-1, ATL-YS, ATL-25, and TL-Om1). A
phylogenetic tree was drawn (Fig. 2) with RAXML, which utilizes a maximum-likelihood
method. The majority of isolates belonged to the subtype A Japanese (JP) subgroup,
while a small portion of isolates belonged to the subtype A transcontinental (TC)
subgroup. WB-indeterminate isolates were dispersed throughout both the JP and TC
branches (Fig. 2 and Table 2). The frequency of TC-type WB-indeterminate samples in
the tree appears relatively high compared with that of the JP type (5 of 10 and 14 of
118, respectively); however, it is difficult to compare the frequencies of those two
groups statistically because the geographic background of these pregnant women is
unknown. Importantly, distinct WB-indeterminate strains that clustered in specific
regions of the phylogenetic tree were not found.

Characteristics of nucleotide substitutions in the HTLV-1 genomes of WB-
indeterminate samples. To determine the host enzymes responsible for the mutagen-
esis of the HTLV-1 genomes in WB-indeterminate samples, such as the APOBEC family,
we focused on the nucleotide substitutions in the HTLV-1 genomes. Among the total
of 1,085 SNVs found in the HTLV-1 genomes from 114 HTLV-1 WB-positive and 19
WB-indeterminate samples, there were 135 indeterminate WB result-specific single
nucleotide substitutions. The most frequent type of substitution was G to A (28.9%),
followed by C to T (19.3%), T to C (19.3%), and A to G (16.3%) (Fig. 3A). These four types
of substitutions were responsible for 83.8% of the indeterminate WB result-specific
substitutions. Moreover, the majority of G-to-A substitutions occurred at GG dinucle-
otides (64.1%), suggesting that a large portion of these G-to-A substitutions were
mediated by APOBEC3G (29) (Fig. 3B).

Characteristics of HTLV-1 genomic sequences in WB-indeterminate samples.
We then focused on the mutations associated with viral replication in HTLV-1 from
WB-indeterminate samples. To our surprise, among the 19 full HTLV-1 genomic se-
quences from WB-indeterminate samples, five isolates had nonsense mutations in the
coding region of viral proteins, namely, two in Pol, one in Env, one in Tax, two in p12,
and one in the p30 sequence (Table 3). Because p30 and p13 use the same coding
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FIG 2 Phylogenetic analysis of HTLV-1 isolates from WB-indeterminate samples. SNVs of 1,085 nucleotide positions in the full HTLV-1 genomes of WB-positive
(n = 114) and -indeterminate (n = 19) samples were analyzed by RAXML, an algorithm that uses the maximum-likelihood method. The tree was drawn by using
the GTRGAMMA model. WBind indicates an HTLV-1 sequence from a WB-indeterminate sample. ATK-1 (J02029), ATL-YS (HTU19949), ATL-25 (AB513134), and
TL-Om1 (AB979451) are complete HTLV-1 sequences from clinical samples or a cell line derived from Japanese donors.

frame, a p30 W178X mutation (sample K1015) also leads to a p13 W24X mutation. Thus,
these HTLV-1 isolates apparently have a fatal replication defect. As shown in Fig. 3C,
almost all of the peaks of the electropherograms of nucleotide sequencing of these
stop codon mutations were a single peak, suggesting that the HTLV-1 clones with
abortive replication constitute the major clone or clones in the carrier. Interestingly, the
nonsense mutations in K1015 were mixed with wild-type sequences. In contrast, among
the HTLV-1 genomes of 114 WB-positive blood donors, there was only one premature
termination in the C-terminal region of Tax (Q334X, accession no. LC209961) and one
premature termination in the C-terminal region of p12 (W82X, accession no. LC210033).
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TABLE 2 Phylogenetic types of HTLV-1 in WB-positive and -indeterminate samples

No. of HTLV-1
subtype A subgroup:

Total no.
Sample source and WB result analyzed JP TC
Blood donors
Positive 114 104 10
Indeterminate 8 6
Pregnant women, indeterminate 11 8 3

There were no other premature terminations in the WB-positive samples. This indicated
that these genomic mutations with premature termination are possibly a specific
feature of WB-indeterminate samples. In addition, all WB-indeterminate samples had
many unique mutations in a variety of proteins (Table 4). Including the nonsense
mutations in Table 3, on average, there were 4.7 amino acid changes in the provirus of
WB-indeterminate samples. Among the unique mutations, there were mutations that
cause amino acid charge changes, including Asp, Glu, Arg, and Lys mutations (36%, 30
of 83), and cause structure changes such as a Pro mutation (14%, 12 of 83). These
accumulated mutations suggest that there are dramatic changes in the function of viral
proteins that may lead to decreased HTLV-1 replication efficiency.

DISCUSSION

We successfully established the HTLV-1 qPCR assay for analysis of the PVLs of
WB-indeterminate samples after initially estimating the detection limit of the HTLV-1
gPCR assay. An important feature of HTLV-1 discovered in WB-indeterminate samples
was that the PVL of WB-indeterminate samples was generally extremely low. The PVL
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Sample name T1048 S0035 K1018 S0145 K1015
Protein Pol Tax pl2 pl12 Pol Env p30
Mutation W238X W147X W87X W87X W452X W387X W178X
TGG>TAG TGG>TAG TGG>TGA TGG>TGA TGG>TAG TGG>TAG TGG>TAG

FIG 3 Characteristics of nucleotide substitutions in WB-indeterminate samples. (A) The occurrence of types of nucleotide substitutions is represented as a
percentage of the total number of mutations. The four major substitutions, G-to-A, C-to-T, T-to-C, and A-to-G mutations, are indicated. (B) Percentages of
second-nucleotide use at G-to-A mutation sites. (C) Electropherogram of stop codon substitutions. Two representative electropherograms per sample are
shown. The nucleotide with a vertical line through it is the position of the G-to-A substitution.
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TABLE 3 Abortive genetic changes in HTLV-1 genes in WB-indeterminate samples

Journal of Clinical Microbiology

Amino acid mutation(s) in viral protein:
Sample source

and name PVLe Gag Pro Pol Env Rex Tax p12 Phenotype

Blood donors
T1048 0.013 W238X Premature termination
K1015 0.244 W452X W387X W178X (W24X) Premature termination
K1018 0.060 W87X Premature termination

Pregnant women
S0035 0.006 W147X
S0145 0.677 W87Xx

Premature termination
Premature termination

aHTLV-l PVL (number of copies per 100 cells).

was approximately 100-fold lower than that of carriers with WB-positive results. Inter-
estingly, there was a geographic difference between the provirus DNA positivity rates
of WB-indeterminate blood donors in areas where HTLV-1 infection is not endemic and
areas where it is, 8.2 and 46.2%, respectively (Table 1). These rates were as high as those
previously reported in other areas of the world, including Iran and the United States.
The geographic changes may be produced by the balance of the population of
indeterminate samples from the true negative (HTLV-1-uninfected) group, which were
originally identified as background in the WB test, and indeterminate samples from the
true positive (HTLV-1-infected) group, which were not able to be identified as positive
by the WB test. Therefore, the PCR positivity rate will rise in areas where HTLV-1
infection is endemic because the higher number of indeterminate WB results from true
positive is increased.

Using more than 100 complete HTLV-1 genome sequences from areas where HTLV-1
infection is endemic and where it is not, we produced an overview of the phylogenic
tree of Japanese HTLV-1. Importantly, by adding the HTLV-1 sequences of WB-
indeterminate samples to the tree, we revealed that there were no specific subgroups
of strains that frequently generate indeterminate WB results in Japan. In other words,
one of the causes of indeterminate WB results may be associated with individual
HTLV-1 nucleotide mutations rather than the strain of HTLV-1. Although our results are
applicable to WB-indeterminate samples from Japanese carriers, the cause of indeter-
minate WB results in other HTLV-1 strains around the world will be elucidated by
precise genomic analysis in further studies. These results may also be useful for the
improvement of HTLV-1 diagnostic kits.

It has been reported that HTLV-related viruses or malaria infection cause indeter-
minate WB results; however, these causes are applicable only in limited areas of the
world and Japan is not an area where these pathogens are endemic (13, 15-17). We
assessed the cause of indeterminate HTLV-1 WB results by analysis of the entire
genomic sequence of HTLV-1 and found that a portion of HTLV-1 strains with indeter-
minate results have a premature termination codon in viral proteins. These mutations
apparently decreased the virus’'s replication efficiency because the viral proteins could
not function like those of the wild-type virus, which possibly led to decreased antigen
expression in the long term. We think the mechanism of emergence of these mutated
proviruses is that in WB-indeterminate carriers, wild-type virus-infected cells have been
eliminated by the host immune system and eventually only mutated viruses with low
antigen production remain. This hypothesis is supported by our finding that there
remained a faint wild-type sequence in some electropherograms with nonsense mu-
tations (Fig. 3C). Abortive HIV-1 infection was reported previously in samples with
indeterminate WB results (30). In addition, a report showed Tax point mutations in
HTLV-1 WB-indeterminate samples (31). In our study, premature stop codons were
observed not only in Tax but also in various HTLV-1 coding regions, such as Pol, Env,
p12, and p30, in WB-indeterminate samples, indicating an association of abortive
HTLV-1 strains with indeterminate WB results. In addition, unique mutations were
observed not only in the target proteins of WB tests such as Gag and Env but also other
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TABLE 4 Genetic changes with unknown significance in HTLV-1 genes in 19 WB-indeterminate samples

. . . L . Nucleotide
Amino acid mutation(s) in viral protein: .
Sample source mutation(s)
and name PVL® Gag Pro Pol Env Rex Tax p12 p30 HBZ in LTR Phenotype
Blood donors
T1012 0.019 E169D K93R, T557A  G460R S134F Unknown
T1048¢ 0.013 P100S F54L 490T>G, 559C>T
T1056 0.032 M701V H347TfsX18 53_54insA, Tax frameshift
116_117insC
K1006 0.034 T345N V16A G52E, T62M G191R, R201C Unknown
K10159 0.244 A9T V293l, S355C, V247A, G446R V29A G21R, G137R, S168P 544C>T
G482R G259R
K10184 0.060 Q46E H503R T267del G90E P63S
K1019 0.084 G850S A264V R7K, S70N A209T Unknown
K1029 0.009 A156V, V161l 479delT, 289C>T  Unknown
Pregnant women
S0020 0.160 Q206R L64P F67L K87R 239T>C Unknown
S0028 0.006 R166M 1204V G96D, E179D G65S, N185Y R222Q 355G>A Unknown
S00357 0.006 S113P, P409S C183Y, G188R R12Q, G183R P8S, G166R 319G>A
S0056 0.014 L267R T4A F62L 73A>T, 146C>T Unknown
S0057 0.016 R259K, 1433M G144D, C162Y P23S L26F R127K 618A>G Unknown
S0076 0.008 P547S H347TfsX18 F118S K35E  53_54insA Tax frameshift
S01454 0.677 E173K G90E P63S 487T>C
S0155 0.024 S162F Y678C T151A 353G>A Unknown
S0168 0.055 Q812R G29S 585T>A, 744A>G Unknown
S0169 0.014 L17F K855R L164R Unknown
S0194 0.059 P103_S104insPP S81P 587T>C Unknown

aSample also has abortive mutations.
PHTLV-1 PVL (number of copies/100 cells).
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TABLE 5 Summary of proviral features of WB-indeterminate samples in this study

No. of samples® analyzed qPCR result HTLV-1 genome Type of mutation
239 Provirus negative

36 Provirus positive Not determined

14 Determined Unique

5 Nonsense

aTotal of 294.

HTLV-1 proteins. Interestingly, the Tax G137R mutation was observed in K1015. This
amino acid is critical for the Tax function of NF-«B signaling (32). Furthermore, Rex T4A
(50056) and P8S (S0035) mutations are located in the RxRE association domain and the
Rex T62M (K1006) mutation is located in the Rex multimerization domain (33). This
leads us to hypothesize that the cause of indeterminate results is not only the
inadequate sensitivity of the diagnostic kit for Env and Gag antibody detection but also
the nature of HTLV-1 in WB-indeterminate samples. Mutated HIV-1 can revert back to
the wild type after transmission (34, 35). However, we believe that this is not the
case in HTLV-1 of WB-indeterminate samples. Generally, after settlement of HTLV-1
infection, HTLV-1 prefers to disseminate through mitotic division of infected cells
with cellular DNA polymerase (36). Moreover, PVLs are low in WB-indeterminate
samples and replication-incompetent mutations are dominant in a portion of HTLV-1 of
WB-indeterminate samples. Thus, HTLV-1 in WB-indeterminate samples almost lost the
opportunity to introduce mutations back into the wild type by HTLV-1 reverse trans-
criptase at transmission.

To summarize our results, WB-indeterminate samples could be divided into four
groups on the basis of their PVLs and genomic features (Table 5). The first group is
negative for HTLV-1 provirus. This includes true-negative samples and those undetect-
able by gPCR. In the second group, HTLV-1 provirus is detected despite the extremely
low PVL. This possibly includes wild-type HTLV-1 provirus. In the third group, the
abortive HTLV-1 strain is dominant. In the fourth group, unique amino acid or nucle-
otide mutations are present in the provirus. A common property of the provirus of the
latter three groups of provirus-positive samples would be an extremely low level of
HTLV-1 antigen production. Thus, we could conclude that WB-indeterminate samples
tend to have an extremely low level of HTLV-1 antigen expression because of specific
features of the HTLV-1 genome. This low antigen level leads to an insufficient antibody
titer for the determination of infection by WB. Sustained indeterminate WB results over
a prolonged period could be partially explained by this hypothesis (18-20, 23).

Interestingly, APOBEC3G, a host mediator of GG-to-AG substitutions, facilitates the
abortion of viral, including HIV-1, replication (37). However, in our study, its function
possibly facilitates the survival of HTLV-1 provirus through the decreased production of
viral antigens, leading to escape from the host immune system. We think this fits well
with the explanation for the reports of the frequent PCR positivity of WB-indeterminate
samples (19, 24, 26). Fan et al. analyzed mutations in ATL and reported that among the
mutations in ATL, G-to-A is the most frequent and a GG-to-AG substitution was also
prominent in all G-to-A mutations (29). They additionally showed the frequent occur-
rence of stop codon substitutions in the HTLV-1 genome in ATL. Our findings on the
mutation status of WB-indeterminate samples are thus in accordance with those
reported for ATL. The reason why the same phenomena were observed in the HTLV-1
genome in both ATL and WB-indeterminate samples is unknown. It will be further
elucidated through the precise analysis of strategies used by HTLV-1 to continue to
reside in carriers.

Finally, our finding that the provirus exists with reduced replication activity in a
portion of WB-indeterminate carriers through genetic mutation in the provirus strongly
emphasizes the importance of nucleotide amplification testing, such as qPCR, for the
diagnosis of HTLV-1 infection.
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MATERIALS AND METHODS

Cells and clinical samples. TL-Om1 cells were a kind gift from Kazuo Sugamura (Miyagi Cancer
Center Research Institute) (38). TL-Om1 cells were maintained in RPMI 1640 (Sigma, St. Louis, MO, USA)
supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin-streptomycin (Invitrogen, Carlsbad,
CA, USA), 2 mmol/liter L-glutamine, and 10 ng/ml interleukin-2 (PeproTech, London, United Kingdom).
PBMCs were purchased from AllCells Inc. (Alameda, CA, USA). Cryopreserved PBMCs were resus-
pended in RPMI 1640 supplemented with 10% FBS at 37°C in accordance with the protocol provided
by AllCells Inc.

PBMCs from HTLV-1 WB-indeterminate pregnant women were obtained with informed consent.
Blood clots from HTLV-1 WB-indeterminate blood donors were obtained in two different areas of HTLV-1
epidemiology, the Kanto Block Blood Center, in an area where HTLV-1 infection is not endemic, including
the prefectures of Tokyo and Chiba, and the Kyushu Block Blood Center, in an area where HTLV-1
infection is not endemic, including the prefectures of Kyushu Island. The kit used for initial blood donor
screening was Lumipulse Presto HTLV-I (Fujirebio, Tokyo, Japan), one of the CLEIAs. The WB kit used for
confirmation of the first screening results was ProBlot HTLV-I (Fujirebio, Tokyo, Japan) (7). Briefly, in
ProBlot HTLV-I, bands of p19, p24, and p53 for Gag and gp46 for Env are used for interpretation of the
result. The bands were defined by three grades, namely, —, =, and +. If all bands are —, the result is
judged as negative. When Env gp46 and Gag p19, p24, or p53 are +, the result is judged as positive. Band
patterns that are neither negative nor positive are judged as indeterminate (Table S1). The antibody titers
and profiles of WB-indeterminate patterns of blood donors are listed in Table S2. Information about the
kinds of kits used for initial screening of pregnant women was unavailable. In addition, the antibody titers
and WB band patterns of pregnant women were unavailable. This study was approved by the ethical
review boards of the National Institute of Infectious Diseases (Institutional Review Board approval no.
392).

Eight Japanese laboratories (one national institute [the National Institute of Infectious Diseases], five
universities [The University of Tokyo, the St. Marianna University School of Medicine, Nagasaki University,
the University of Miyazaki, and Kagoshima University], one Japanese Red Cross laboratory [the Central
Blood Institute], and one diagnostic test company [SRL Inc.]) participated in this study.

Preparation of HTLV-1 cell dilutions. Previously, we found that the HTLV-1 copy number of the
TL-Om1 genome was 1.8/cell by fluorescence in situ hybridization analysis (39). The method used to stain
TL-Om1 cells with carboxyfluorescein diacetate succinimidyl ester (CFSE) was previously described (40).
CFSE-stained TL-Om1 cells that were resuspended in Cellbanker (TaKaRa Bio, Osaka, Japan) were serially
diluted with PBMCs at the concentrations described in Fig. 1 and frozen at —80°C. The concentrations of
TL-Om1 cells were analyzed by flow cytometry with a JSAN flow cytometer (Bay Bioscience, Kobe, Japan)
(Tables S3 and S4). A series of the same frozen samples packed in dry ice were then provided to the
participating laboratories by the National Institute of Infectious Diseases.

Estimation of detection limit of HTLV-1 qPCR. The DNA extraction methods of the laboratories
have been described previously (40). The protocols for HTLV-1 qPCR performed in the eight laboratories
have also been reported previously (41-47) (Table S5).

HTLV-1 gPCR was performed with purified DNA in laboratories independently three times on
different days. To evaluate all of the preparation steps, each measurement began with the extraction of
genomic DNA from aliquots of frozen cell samples provided to each laboratory and testing was
performed once with the extracted DNA.

Analysis of HTLV-1 genomic sequences. The full-length genomic sequence of HTLV-1 was ampli-
fied from four regions by long PCR with the KOD-FX neo polymerase kit (Toyobo, Tokyo, Japan) in
accordance with the manufacturer's protocol. PCR products were purified with the QIAquick PCR
purification kit (Qiagen, Hilden, Germany). The sequencing PCR was performed with the BigDye ver 3.1
cycle sequencing kit (Applied Biosystems, Foster City, CA) with sequencing primers in accordance with
the manufacturer’s protocol. All of the primer sequences used in the long PCR and the sequencing PCR
are described in Fig. ST and Tables S6 and S7. The sequences of PCR products were read from both
strands. For sequencing of the GC-rich region of the HTLV-1 genome, equivalent to nucleotides 2099 to
2124 of the ATK-1 (accession no. J02029) reference strain, the dGTP BigDye Terminator v3.0 kit (Applied
Biosystems) was used with primers 34F (GGAGATATGTTGCGGGCTTGT) and 41R (GGGAGGTGAGCTTAAA
GTGATCTT), respectively, in accordance with the kit protocol. The sequence was determined with an
Applied Biosystems 3730 DNA analyzer. Contigs were composed by the sequence assembling software
ATGC (GENETYX, Tokyo, Japan). Complete long terminal repeat (LTR) sequences were determined by
combining consensus regions of 5" and 3’ LTR reads as described previously (48). HTLV-1 sequences of
T0018 and T0038 were obtained from the same donor on different donation dates.

Phylogenetic analysis. In addition to blood donor samples in which the PVLs were quantitated, a
further 23 genomic sequences of HTLV-1 from WB-positive blood donors from the Kyushu Block Blood
Center were added to the phylogenetic analysis. For phylogenetic analysis, SNVs were extracted and
analyzed with RAXML by the maximum-likelihood method with 1,000 bootstrap samples. The phyloge-
netic tree was inferred by using the GTRGAMMA model.

Accession number(s). The HTLV-1 nucleotide sequences of WB-indeterminate samples have been
submitted to the DNA Data Bank of Japan (DDBJ) and assigned NCBI accession numbers LC185235 to
LC185242 and LC192254 to LC192264. The HTLV-1 sequences of WB-positive samples have also been
submitted to the DDBJ and assigned NCBI accession numbers LC209958 to LC210071.
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An autochthonous chikungunya outbreak is ongoing
near Anzio, a coastal town in the province of Rome. The
virus isolated from one patient and mosquitoes lacks
the A226V mutation and belongs to an East Central
South African strain. As of 20 September, 86 cases
are laboratory-confirmed. The outbreak proximity to
the capital, its late summer occurrence, and diagnos-
tic delays, are favouring transmission. Vector control,
enhanced surveillance and restricted blood donations
are being implemented in affected areas.

Outbreak identification and investigation

On 6 and 7 September 2017, the National refer-
ence Laboratory for arboviral infections based at the
National Institute of Health, Italy, received serum and
urine samples from three patients with a history of
high fever (»b38°C), severe joint pain and an itching skin
rash. Symptoms had started while they were on holi-
day near the coastal town of Anzio, in the province of
Rome, Lazio region (ca 58 km from Rome). The dates of
symptom onset were 5 and 11 August and 2 September
respectively. The patients lived in the same home,
and none had travelled to chikungunya, dengue or
Zika endemic areas in the two weeks before symptom
onset. The two patients who developed symptoms at
the beginning of August were chikungunya IgM positive
and the infection was confirmed through a neutralisa-
tion test (PRNT). The third patient, who was sympto-
matic at the time of sample collection, was IgM positive
and PRNT borderline (PRNT50=1:10). Chikungunya virus
was detected by RT-PCR followed by nested PCR in both
serum and urine and was isolated from urine.

The regional health authorities immediately imple-
mented measures around this initial cluster, which are
described in the national plan for chikungunya surveil-
lance and control [1]. The three patients had referred
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to other individuals in their neighbourhood who had
developed similar symptoms since the beginning of
August. Epidemiological surveillance was enhanced to
identify additional cases (case finding trough general
practitioners (GPs), paediatricians, emergency rooms
and hospitals). As of 20 September 2017, 86 confirmed
autochthonous cases of chikungunya were reported
to the regional surveillance system; the investigation
is ongoing. These were found among people living in
Anzio, or people who had travelled there 15 days before
symptom onset. Cases from Rome were also identified,
with either travel history to Anzio or to other endemic
areas [2]. The primary viraemic case who imported the
virus into the region has not been identified so far.

Entomological investigation

On 7 and 8 September 2017, adult mosquitoes were col-
lected in the Anzio municipality by using BG Sentinel
traps baited with BG-Lure (Biogents, Regensburg,
Germany) and captured directly using handheld elec-
tric aspirators on vegetation or on exposed skin. Larval
collections were performed using dippers or droppers
by inspecting artificial containers (removable or non-
removable), as potential larval breeding sites. Adults
and larvae of Ae. albopictus (tiger mosquito) and Culex
pipiens were found in the Anzio municipality area.
Mosquito adults were sorted into 12 pools to determine
the species, distinguish males from females and to
test for chikungunya virus. The number of specimens
in each pool ranged from 1 to 13. Among 53 mosqui-
toes, one pool of 12 Ae. albopictus females which had
been collected near the house of the first three cases
identified in Anzio was found to be chikungunya virus
positive by PCR. The virus was isolated.

Phylogenetic analysis of patient and mos-
quito sequences
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FIGURE

Neighbour-joining phylogenetic analysis of sequences derived from chikungunya virus positive samples obtained in this

study, Italy, August—September 2017
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The phylogenetic tree was constructed using Tamura-Nei model with 1,000 bootstrap reiterations. For each sequence in the tree, GenBank
accession number/country of origin of the infection/year of the infection are reported. Sequences characterised in this study are indicated by
a black triangle (for the patient samples ‘siero’ indicates a sequence derived from a serum sample (GenBank number: LT908478), and ‘urina’,
a sequence from a urine sample (LT908477); the GenBank number for the sequence from mosquitoes is LT908476). Sequence amplicons were
obtained using method reported in Edwards C. et al., ] Clin Virol. 2007 [11]. The scale bar indicates the percentage of diversity. Bootstrap
values over 90% obtained from 1,000 replicate trees are shown for key nodes.

Two clusters are highlighted in the Figure. The first, identifiable as ‘ESCA genotype’, indicates sequences of the ESCA genotype. The second
cluster, identifiable as ‘E1 A226V’, includes all sequences with the A226V mutation in the envelope (E)1 gene, a mutation, which is involved in
the increased susceptibility of Aedes albopictus for infection and transmission of chikungunya virus.

Sequences of the PCR amplicons of the virus enve-
lope (E)1 gene from the patient (GenBank numbers:
LT908477 and LT9o8478) and from the mosquitoes
were identical (GenBank number: LT908476), and also
showed a 100% similarity with the sequence of a chi-
kungunya East Central South African (ECSA) strain
involved in an ongoing epidemic in Pakistan [3,4],
which does not carry the A226V mutation. In a phylo-
genetic analysis, the Italian sequences also clustered
with ESCA strain sequences obtained from different
parts of the world (Figure).

Control measures
On 8 September Italy launched a first alert through
the Early Warning Response System (EWRS) in order to
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alert other European Union countries about the ongo-
ing outbreak. In the affected municipality, vector con-
trol activities against larvae and adult mosquitoes were
performed and the population was advised to take
measures to avoid mosquito bites and to remove all
potential breeding sites from their gardens. Moreover,
measures such as clinical evaluation of blood donors,
gathering post-donation information for donors resid-
ing in the Lazio region, and application of 28 days
deferral of donors who visited the municipality of Anzio
since 1 August 2017 were reinforced [5].

Background

Chikungunya is a self-limiting mosquito-borne viral
disease characterised by arthralgia/arthritis primarily
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of the wrists, knees, ankles and small joints of the
extremities lasting from days to months. Between
one third and half of the patients develop a generally
non-pruritic maculopapular rash primarily of the trunk
and limbs 1—-12 days after the onset of arthritis that
resolves in 7—10 days. Myalgia, fatigue, fever and lym-
phadenopathy are common [6]. Complications are rare;
however, Chikungunya leads to (self-perceived) long-
term sequelae in a considerable proportion of patients
[7]. The incubation period ranges from 1 to 10 days
(average 3 days) [8].

The aetiological agent is a single strand, positive sense
RNA virus of the Alphavirus genus, Togaviridae family
of which three main genotypes have been identified:
Asian, West African and ECSA [8]. The virus is trans-
mitted by mosquitoes of the Aedes spp. primarily Ae.
aegypti and Ae. albopictus. Transmission through
transfusion/transplantation has been demonstrated in
animal models.

Chikungunya is endemic in Africa, south-east Asia, the
Indian subcontinent, the Pacific region and in tropical
regions of the Americas (since 2013). In Europe, autoch-
thonous cases, which were linked to imported cases,
were detected in France in the Var department, in
September 2010 and in the city of Montpellier, Hérault
department, in October 2014. In August 2017, a cluster
of locally acquired cases consisting of four confirmed
and one probable case was also described in the Var
department [8].

Discussion

The outbreak described here is the second autochtho-
nous chikungunya outbreak detected in Italy. The first
outbreak, with more than 200 reported cases, occurred
between July and September 2007 in the north east of
the country, near the Adriatic coast, in the province of
Ravenna [9]. Subsequent to it, Italy set up a national
plan for the surveillance and control of the disease
[1]. The aim of this surveillance system is to monitor
imported cases and local transmission, identify out-
breaks in a timely fashion, and to prevent transmission
from substances of human origin (SoHO). The surveil-
lance is enhanced during the high vector activity sea-
son (1 June-31 October). The competent vector, Ae.
albopictus, which was first detected in north-western
Italy in 1990 [9], is now widely established through-
out the country, including the Lazio region. Overall
between 2014 and 2016, a total of 128 possible/prob-
able/confirmed imported cases of chikungunya have
been notified to the Italian health authorities (mean:
43 cases/year; range: 25 cases in 2015 and 70 cases in
2014). Most cases had a travel history to Central and
South America [1].

Anzio, one of the locations where autochonous chi-
kungunya cases were currently detected, is a holiday
resort less than one hour drive away from Rome. Many
families visit the area until the beginning of the school
year, which in 2017 was on 14 September. During the
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summer, the population density increases in the area
owing to the easy commute from Rome. Viraemic indi-
viduals exposed in August 2017 are likely to have trav-
elled around resulting in new introductions in receptive
areas and challenging the implementation of control
measures. The delayed identification of the autochtho-
nous cases in Anzio, a coastal recreational area close
to the capital towards the end of summer may have
triggered the local transmission in Rome. This suggests
an extension of the outbreak and the presence of sec-
ondary multifocal transmission chains [10].

The lack of access to closed summer houses after
mid-September may hamper vector control activities.
Summer 2017 has been characterised by particularly
high temperatures and by an unusual dry period from
May to August, factors that would normally prevent high
mosquito density. However, other concomitant factors
favoured the activity and abundance of the tiger mos-
quito including the presence of numerous peridomestic
‘man-made’ breeding sites within constantly irrigated
private gardens.

The identification of the viral strain involved in the
current Italian outbreak as one very close to the ECSA
strain involved in the ongoing epidemic in Pakistan
is not surprising, even if this virus it is not carrying
the A226V mutation, which has been involved in the
increased susceptibility of Ae. albopictus for infection
and transmission of chikungunya virus. Other yet unde-
fined mutations might be responsible for the vector
competence of Ae. albopictus, allowing it to sustain the
present outbreak. The fact that we found chikungunya
RNA in a small size mosquito pool, suggests a high
level of virus circulation in the area. The investigation
is still ongoing and, due to enhanced surveillance and
testing, further cases have been identified, with as of
22 September, 102 laboratory-confirmed cases.

Acknowledgements

The authors would like to thank Dr Francesco Paolo Maraglino
and Dr Patrizia Parodi from the Italian Ministry of Health and
all health professionals from local and regional health au-
thorities for collaborating.

Conflict of interest

None declared.

Authors’ contributions

CR, GV, MDL, coordinate the national integrated Plan for
Chikungunya surveillance and control, interpreted the data
and wrote the manuscript. MDM, and MGC manage the web-
based platform for data collection and analysed the data.
GV, MER, EB, CF, AA and CF performed laboratory investiga-
tion. CDL, MDL, RR, FS and LT performed the entomological
surveillance and monitoring. RG, CR, FR, and PP performed
the epidemiological investigation. GR interpreted the data
and critically revised the manuscript. All authors reviewed
and approved the final manuscript.

- 32- :



References

1.

10.

11.

Ministry of Health. Italian National plan for the surveillance
and control of Chikungunya, Dengue and Zika 2017. [Accessed

18 Sep 2017]. Available from: http://www.salute.gov.it/portale/

news/p3_2_1_1_1.jsp?lingua=italiano&menu=notizie&p=dalm
inistero&id=3013

Lazio Region. [Accessed 25 Sep 2017]. Available from https://
www.regione.lazio.it/rl_main/?vw=newsDettaglio&id=4112la
test

Mallhi TH, Khan YH, Khan AH, Tanveer N, Qadir MI. First
chikungunya outbreak in Pakistan: a trail of viral attacks. New
Microbes New Infect. 2017;19:13-4. https://doi.org/10.1016/j.
nmni.2017.05.008 PMID: 28663798

ProMED-mail. Chikungunya (31): Asia (Pakistan). Archive
Number 20170916.5320238. 16 Sep 2017. Available from:
http://www.promedmail.org/

National Blood Center. Chikungunya fever: blood donations
suspended in Rome. [Accessed 18 Sep 2017]. Available

from: http://www.centronazionalesangue.it/notizie/
chikungunya-chikv

Heyman DL. Control of Communicable Diseases Manual. 19th
Ed. Washington, DC: American Public Health Association;
2008.

van Aalst M, Nelen CM, Goorhuis A, Stijnis C, Grobusch

MP. Long-term sequelae of chikungunya virus disease: A
systematic review. Travel Med Infect Dis. 2017;15:8-22.
https://doi.org/10.1016/j.tmaid.2017.01.004 PMID: 28163198

European Centre for Disease Prevention and Control (ECDC).
Cluster of autochtonous chikungunya cases in France — 23
August 2017. Stockholm: ECDC; 2017.

Rezza G, Nicoletti L, Angelini R, Romi R, Finarelli AC, Panning
M, et al. CHIKV study group. Infection with chikungunya
virus in Italy: an outbreak in a temperate region. Lancet.
2007;370(9602):1840-6. https://doi.org/10.1016/So0140-
6736(07)61779-6 PMID: 18061059

European Centre for Disease Prevention and Control (ECDC).
Clusters of autochthonous chikungunya cases in Italy, 14
September 2017. Stockholm: ECDC; 2017.

Edwards CJ, Welch SR, Chamberlain |, Hewson R, Tolley H, Cane

PA, et al. Molecular diagnosis and analysis of Chikungunya
virus. J Clin Virol. 2007;39(4):271-5. https://doi.org/10.1016/j.
jcv.2007.05.008 PMID: 17627877

License and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence, and indi-

cate if changes were made.

This article is copyright of the authors, 2017.

- 33-

www.eurosurveillance.org



REENRBE HAERSS

bl

SAEREEEE  |KKkaketsuken-20180112 XHRID 28905395
HEHEDER St. Louis encephalitis virus possibly transmitted through blood transfusion —Arizona, 2015

TEBREDHE

BMETENDER

RO AHHMIZ LY BELE-NOTOHE
ZIFEAENTIRMERRE T, 19U FOREETR . BEL. [UMBEEREEO SRR BERET D,
CHFETHOBFRROME L RV - T BRBSN TGN o1,

-69% B . 2015 ICBBBHEE Z T 51=OIC AR AFILTLR=V OV AOUFOITHRE, [HBEBIHESR. REMHHFIERS,
-BESIBIER. 2,20, 21AH BEZFNEFNELEDIRF—hoHRMEKEBME = (1=, 348 B ISR, 358 BTtV oA/ )L X2 % FEL
BEAR., 1058 BITERRLIA, RIERA. BREELEDRBEHY (ZOREE),

-358 B (REH) L43B BOMETEL IR B R FAANERIC LR (20£5=12801F)
-BEIARL TV O THEIXIFEALRL , BHERTD R, BWADBRE. MANDIRTELL,

BN —I2DWT, ISEVAIILRARBREOR L (BERTO ME TRNABIAERE SN TGN, YV REIZHIRELL) . R—FF—nhdih
DGR L. I, BB #BHEINBADEELBRLTOVED ST,

- FRMERENMN (F4B DR F—h D4R TH o1z, MM LR MR (EFE-TUVENoT=AY, BHE%208 BOHMKF—4%, %8 (778%) RlIckY
BURLARBERIABIE THHENREREN =, FF—EFBHBEL TH Tz, CORF—DMIE(FAhICETTHR LI ESA T, 20D
IR E2BHISTRRERIZBY . BRI T LIz, TU LA RN R EEES TR TG>T,

-BEOBERED. FREADOBNSIE ML R KMV R FRESN N o1 A, KB L1208 B QMR+ — B ERED 0
MM ILRGHEDMRDH o=,

TURLARBEEDAILRIE, TFSEDAILARISEDAILRRIZEL, ISEDAILRIETSRE—K
$ERNAZ Y / LEFTBIUAO—T V(LA THY , I/ IL A FEEE40~60nmTH B, LU bILAR
B2 IZKE . DFH . AFS T, FRRICELD AL, EUMLARBEE DAL RADEREICIE, WD E.
BMLBEVNSBEREYIILERL, REPLHFERE LV IHEOPMNRBREYF(VILIZEFATNS, EN
PREGBRELIBASRIRSNDETRETHEEZLND, LU RWE VIV RERLISE
DANABIFE DA INRABIZET BV IAN AL I AT M ELEDHRER EHDM. ThF
THEUMLA R 29 1L RIZ K DM % O REEFI O|E EAh otz SE., KEISHOTHMmBKE M

BOBEHIARESNT=,

SROR W

TRMSEZESE

SHRELEEFROREIE D, FHORLHOERER>TLERL,

(6= -9)
| BROREREELERTHEEE. V—rEAE—LTANT BT,

~34-



TRANSFUSION COMPLICATIONS

St. Louis encephalitis virus possibly transmitted through blood
transfusion—Arizona, 2015

Heather Venkat,"** Laura Adams,** Rebecca Sunenshine,®* Elisabeth Krow-Lucal,”® Craig Levy,>
Tammy Kafenbaum,® Tammy Sylvester,® Kirk Smith,® John Townsend,® Melissa Dosmann,”
Hany Kamel,® Roberto Patron,” Matthew Kuehnert,® Pallavi Annambhotla,’

Sridhar V. Basavaraju,’ Ingrid B. Rabe,” and the SLEV Transmission Investigation Team

BACKGROUND: St. Louis encephalitis virus is a
mosquito-borne flavivirus that infrequently causes epidemic
central nervous system infections. In the United States,
blood donors are not screened for St. Louis encephalitis
virus infection, and transmission through blood transfusion
has not been reported. During September 2015, St. Louis
encephalitis virus infection was confirmed in an Arizona
kidney transplant recipient. An investigation was initiated to
determine the infection source.

STUDY DESIGN AND METHODS: The patient was
interviewed, and medical records were reviewed. To
determine the likelihood of mosquito-borne infection,
mosquito surveillance data collected at patient and blood
donor residences in timeframes consistent with their
possible exposure periods were reviewed. To investigate
other routes of exposure, organ and blood donor and
recipient specimens were obtained and tested for
evidence of St. Louis encephalitis virus infection.
RESULTS: The patient presented with symptoms of
central nervous system infection. Recent St. Louis
encephalitis virus infection was serologically confirmed.
The organ donor and three other organ recipients showed
no laboratory or clinical evidence of St. Louis encephalitis
virus infection. Among four donors of blood products
received by the patient via transfusion, one donor had a
serologically confirmed, recent St. Louis encephalitis virus
infection. Exposure to an infected mosquito was unlikely
based on the patient's minimal outdoor exposure. In
addition, no St. Louis encephalitis virus-infected mosquito
pools were identified around the patient’s residence.
CONCLUSION: This investigation provides evidence of
the first reported possible case of St. Louis encephalitis
virus transmission through blood product transfusion.
Health care providers and public health professionals
should maintain heightened awareness for St. Louis
encephalitis virus transmission through blood transfusion
in settings where outbreaks are identified.

t. Louis encephalitis virus (SLEV) is a mosquito-
borne flavivirus closely related to West Nile virus
(WNV). These viruses share the same mosquito
vectors, and their associated disease presentations
are clinically indistinguishable.! Like WNV, SLEV is pri-
marily maintained and amplified through cycles between

ABBREVIATIONS: CSF = cerebrospinal fluid; MCES =
Maricopa County Environmental Services; PRNT =
confirmatory plaque reduction neutralization testing;

SLEV = St Louis encephalitis virus; WNV = West Nile virus.
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Culex species mosquitoes and avian hosts, and their geo-
graphic and temporal distribution dictates the occurrence
of human infections.>®> Most SLEV infections are asymp-
tomatic, but they also can result in a nonspecific febrile
iliness.®> Less than 1% of human SLEV infections lead to
severe neuroinvasive disease, which can present as
encephalitis, meningitis, or acute flaccid paralysis; indi-
viduals ages 55 years and older are at higher risk for
developing SLEV neuroinvasive disease.>®® SLEV infec-
tion can be diagnosed by molecular or serologic testing.
The viremic period is transient; thus, ribonucleic acid
(RNA) is seldom detectable in acute infections that are
evaluated after the onset of symptoms, and serology is
the mainstay of diagnosis. However, because antibodies
against SLEV and WNV readily cross-react on immuno-
globulin (Ig)M diagnostic tests, confirmatory neutraliz-
ing antibody testing is required to identify the specific
infecting flavivirus.’

SLEV was first identified in St. Louis, Missouri, in
1933, and more than 50 outbreaks have been reported
in the United States since then.'®!' Reports of SLEV
neuroinvasive disease declined considerably after WNV
was first detected in 1999; however, isolated cases and
limited outbreaks of SLEV disease still occur sporadi-
cally in the United States."*'? SLEV is a nationally noti-
fiable infectious disease. In 2015, Arizona state and
local health authorities identified an outbreak of SLEV
during which infection was confirmed in 23 symptom-
atic persons. Arizona was the only US state to report
human SLEV disease cases to the Centers for Disease
Control and Prevention (CDC) that year. In addition,
acute WNV disease cases were also confirmed, making
this the first documented concurrent outbreak of WNV
and SLEV in the United States.'®> The majority of SLEV
disease cases were reported in Maricopa County, which
is the largest urban area in Arizona. Although the blood
supply in the United States has attained an unprece-
dented level of safety, it remains vulnerable to emerging
infectious agents.'* WNV transmission by blood trans-
fusion in the United States has been well documented
and is rarely reported since the implementation of rou-
tine screening of blood donors for WNV infection by
nucleic-acid testing (NAT).'>!” Blood donor screening
for Zika virus, another related flavivirus, was imple-
mented in 2016.'® SLEV transmission by blood transfu-
sion has not previously been reported.'” There are no
US Food and Drug Administration (FDA)-licensed blood
donor screening tests for SLEV.

During September 2015, the United Network for
Organ Sharing alerted CDC of suspected neuroinvasive
SLEV disease in a kidney transplant recipient in Mari-
copa County on the basis of the detection of SLEV IgM
antibodies in his serum. This patient is referred to here-
inafter as the SLEV recipient. The organ recipient care
teams, Arizona Department of Health Services, and
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Maricopa County Department of Public Health were
notified. The objectives of the ensuing public health
investigation were to confirm the diagnosis of SLEV
infection in the recipient and to determine the source of
his infection.

MATERIALS AND METHODS

SLEV recipient

The SLEV recipient was interviewed regarding exposure
history and clinical course, and his medical records were
reviewed. Residual serum specimens collected before
organ transplantation and after neuroinvasive disease
symptom onset, as well as residual cerebrospinal fluid
(CSF) collected after symptom onset were obtained for
SLEV and WNV testing. There were no remaining speci-
mens collected between day of transplant and symptom
onset.

Case definition

An SLEV disease case was classified according to clinical
and laboratory criteria stipulated in the national case defi-
nition for reporting of arboviral diseases.!® In addition,
any persons who had laboratory evidence of recent SLEV
infection within 4 weeks after receipt of an organ or blood
component from a donor with evidence of recent SLEV
infection was considered to have a possible transplant-
transmitted or transfusion-transmitted infection, respec-
tively. SLEV infection was considered confirmed if there
was molecular detection of SLEV RNA or if serologic test-
ing was positive for SLEV IgM with the detection of neu-
tralizing antibodies to SLEV at a titer 4-fold higher than
WNV.

Organ donor and other organ recipients

The organ donor’s medical records were reviewed, and
residual serum, plasma, and lymph node DNA lysate col-
lected before organ recovery were obtained for flavivirus
testing. Other recipients of organs from the same donor
were contacted to obtain symptom history and serum
specimens for SLEV and WNV testing.

Blood donors and other blood product recipients

Medical records were reviewed to determine whether the
SLEV recipient had received any blood products before
symptom onset. The blood collection center initiated a
lookback investigation to determine whether there were
any remaining in-date co-components that needed to be
quarantined and tested for SLEV RNA. The donors of all
identified blood products were contacted to obtain symp-
tom history, residence address at the time of donation,
and serum specimens for SLEV testing.
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Fig. 1. Investigation timeline of possible St. Louis encephalitis virus transmission through blood transfusion relative to the tim-

ing of transplantation of the infected kidney recipient: Arizona, 2015.

Laboratory testing

Serum and CSF samples were tested for the presence of
anti-SLEV and anti-WNV IgM and IgG using an enzyme-
linked immunosorbent assay at the state public health
laboratory, and for anti-WNV IgM using a microsphere-
based immunosorbent assay at the CDC.?° For serum
specimens with IgM test results reported as positive or
nonspecific, confirmatory plaque reduction neutralization
testing (PRNT) using a 90% reduction in the number of
plaques (PRNT90) for SLEV and WNV was performed at
the CDC.?! Tissue specimens were tested by real-time
polymerase chain reaction (RT-PCR) and immunohisto-
chemistry at the CDC.

Mosquito surveillance

The Maricopa County Environmental Services (MCES)
Vector Control Division routinely conducted mosquito
surveillance in 2015 for WNV and SLEV because of the cir-
culation of both viruses in the region. Traps were placed
throughout Maricopa County to collect Culex species
mosquitoes. MCES recorded the number and location of
mosquito traps and tested all mosquitoes captured using
RT-PCR for both WNV and SLEV; mosquitoes from the
same trap were tested in pools.?? To determine whether
SLEV was circulating in the areas in which the SLEV
patient might have been exposed to mosquitoes, sugges-
ting a greater likelihood of vector-borne transmission,
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MCES reviewed data from mosquito surveillance con-
ducted during the 30 days before the date of his illness
onset for both the area of his residence and the hospital
where he was admitted. Similarly, MCES reviewed the
data for areas of residence of any implicated donors for 30
days before organ or blood donation. A 5-mile radius
around each of the sites was chosen based on the average
maximum flight range combined for both adult C. tarsalis
and C. quinquefasciatus mosquitoes from a previous dis-
persal study.”

RESULTS

SLEV recipient

The SLEV recipient was a 69-year-old man who was
admitted to the hospital in late July 2015 for a kidney
transplant because of end-stage renal disease, which was
attributed to diabetic nephropathy and hypertension (Fig.
1). He received methylprednisolone and induction therapy
with basiliximab to prevent organ rejection; tacrolimus
was added 2 days after transplant. The patient received
transfusions of 4 units of leukocyte-reduced red blood
cells (pRBCs) on Days 1, 2, 20, and 21 after transplant and
was discharged home 34 days after transplant.

The day after discharge, he experienced headache,
fever, fatigue, nausea, diarrhea, shortness of breath, and
chills, which progressed to rigors. Upon initial consulta-
tion, his physicians attributed his symptoms to bacteremia
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TABLE 1. West Nile virus and St. Louis encephalitis virus serologic laboratory results for St. Louis encephalitis
virus recipient before and after transplant

SLEV WNV
Event Date Specimen MIA PRNT MIA PRNT
Before transplant Jun 23 Serum NS <10 NS <10
Day of transplant Jul 28 Serum NS <10 NS <10
Day of symptom onset Sep 1 (Day 35)* Serum Positive 20 Negative <10
After symptom onset Sep 9 (Day 43)* Serum NS 1,280 NS <10
Sep 10 (Day 44)* Cerebrospinal fluid Negative NA Negative NA
Oct 9 (Day 73)* Serum Positive 20,480 Negative <10

NA = not done; MIA = microsphere immunoassay.
* After transplant.

NS = nonspecific (i.e., a sample that reacts with the negative antigen such that the result using the viral antigen cannot be interpreted);

secondary to ureteral stent removal; however, he was read-
mitted 37 days after transplant, when his symptoms pro-
gressed to lower extremity paralysis and respiratory
distress, requiring a tracheostomy. By Day 43, the patient’s
mental status began to deteriorate. Serum and CSF speci-
mens were collected on Day 43 to test for possible flavivi-
rus infection, and empiric antibiotics were started for
possible bacterial infection. The patient received intrave-
nous immunoglobulin and interferon therapy from Day 44
to Day 48 after transplant and 1 pRBC unit each on Days
49 and 56. On Day 51, the patient exhibited gradual motor
function improvement, and he had cognitive improvement
by Day 59. The patient was discharged to home on Day
105 and experienced some neurologic sequelae after dis-
charge, including memory loss and weakness.

Residual serum specimens collected 16 days before
and on the day of his transplant, respectively, were
obtained for testing. The serum specimens had nonspe-
cific results on WNV and SLEV IgM testing but had no
detectable neutralizing antibodies to SLEV or WNV, ruling
out prior infection. The IgM results likely reflect either
prior flavivirus infection or reactivity to other serum fac-
tors. Testing of subsequent samples, which were collected
on the day of symptom onset and beyond, confirmed
seroconversion on PRNT as well as a greater than four-
fold increase in SLEV neutralizing antibody titers between
serum collected on Day 35 (PRNT =20) and Day 43
(PRNT = 1280). Neutralizing antibody titers against SLEV
were also more than four-fold higher than titers against
WNV (Table 1). The SLEV recipient’s presentation and test
results thus met the clinical and laboratory criteria for
neuroinvasive SLEV infection. Upon subsequent interview,
the patient reported no febrile illness, exposure to mos-
quitoes, or travel out of state before transplant. The SLEV
recipient spent minimal time outdoors during the weeks
before symptom onset, because he was hospitalized with
limited mobility. The only noted history of flavivirus expo-
sure was receipt of a yellow fever vaccination in 1965. The
patient continued to recover; and, by April 2016, he was
reportedly back to neurological baseline.
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Organ donor and other organ recipients

The cadaveric donor of the left kidney transplanted
into the SLEV recipient died in July 2015 in Illinois. His
heart, liver, and right kidney were also recovered and
transplanted. According to his medical record, he had no
symptoms suggestive of flavivirus infection. The heart and
liver recipients were Illinois residents, and the right kidney
recipient was an Arizona resident; none of these recipients
had symptoms compatible with flavivirus infection after
transplantation. Organ donor serum collected 1 day
before organ recovery contained no detectable SLEV RNA,
and IgM antibody test results were negative. There was no
SLEV RNA or SLEV antigen detected in residual lymph
node tissue by RT-PCR or immunohistochemistry, respec-
tively. Serum specimens collected 6 weeks after organ
transplant from the heart recipient and right kidney recip-
ient had no evidence of recent infection. No specimens
were available for testing from the liver recipient.

Blood donors and other blood product recipients

The four pRBC units that the SLEV recipient received
before symptom onset were collected from four blood
donors (Donors A, B, C, and D) whose blood products
were delivered by transfusion on Day 1 (Donor A), Day 2
(Donor B), Day 20 (Donor C), and Day 21 (Donor D) after
transplant. The donated blood products had been
screened by WNV NAT at the blood collection agency and
were negative. There were no remaining blood products
available for testing. Serum was collected from these
donors from 73 to 85 days after the date of donation for
SLEV and WNV testing. Specimens from Donors A, B, and
D contained no detectable IgM or neutralizing antibodies
against SLEV or WNV. Serum from Donor C, collected 77
days after donation, tested positive for SLEV and negative
for WNV IgM by microsphere-based immunosorbent
assay. The specimen from blood Donor C had detectable
neutralizing antibodies against SLEV (PRNT = 320) but
not against WNV (PRNT < 10). This donor did not report
any symptoms compatible with flavivirus infection before
or after donating blood.
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Fig. 2. Mosquito surveillance* for St. Louis encephalitis virus in a 5-mile radius of case locations and donor location for a 30-day

period before recipient symptom onset and donor blood donation: Maricopa County, Arizona, 2015. *Fifty traps were located
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The recipient of the fresh-frozen plasma co-
component from Donor C’s donation was a 77-year-old
woman who received a transfusion after she was admitted
to the hospital in late July 2015. She had altered mental
status before the blood transfusion and received multiple
units of fresh-frozen plasma and platelets while admitted.
After approximately 2 weeks of hospitalization, she was
transferred to hospice, where she died 3 days later. Her
primary diagnoses upon discharge to hospice were toxic
metabolic encephalopathy, subdural hematoma, and pos-
sible hemolytic anemia/thrombotic thrombocytopenic
purpura. The cause of death was not suspected to be a fla-
vivirus infection. No autopsy was conducted. Although no
specimens were available for testing, a medical records
review did not indicate febrile illness or exacerbation of
neurologic features after the transfusion.

Mosquito surveillance

Approximately 50 traps had been placed within a 5-mile
radius of the SLEV recipient’s residence, Donor C’s resi-
dence, and the hospital where the SLEV recipient was
admitted. Traps were observed for mosquitoes by MCES
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on a weekly basis. No SLEV-infected mosquitoes were
identified from 11 mosquito pools from traps collected
within a 5-mile radius around the index patient’s resi-
dence (Fig. 2) (only traps that trapped live mosquitoes are
shown in the figure). No SLEV-infected mosquitoes were
identified from 37 mosquito pools from traps collected
within a 5-mile radius around the hospital location. Ten
SLEV-infected mosquitoes (nine C. quinquefasciatus and
one C. tarsalis species) were identified from 112 mosquito
pools from traps collected within a 5-mile radius around
Donor C’s residence.

DISCUSSION

To our knowledge, this is the first reported case of possible
SLEV transmission through blood product transfusion.
The patient experienced a clinical illness compatible with
SLEV infection 15 days after receiving blood products from
an asymptomatic donor with serologically confirmed,
recent SLEV infection. The interval between transfusion
and symptom onset is consistent with the estimated incu-
bation period for mosquito-transmitted SLEV infection
(range, 5-15 days), which has been documented as
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prolonged (median, 13.5 days) in immunocompromised
recipients with transfusion-associated WNV infection.'®
The timing of SLEV infection after the implicated transfu-
sion is also supported by seroconversion from neutralizing
antibodies being undetectable before the transfusion to
being detectable and progressively increasing after the
transfusion. This case was likely detected because of
enhanced surveillance and testing systems in place for the
concurrent WNV and SLEV outbreaks in the region.'® Mos-
quito surveillance data demonstrated the detection of
SLEV infected mosquitoes around Donor C’s residence but
not around the SLEV recipient’s residence or the hospital,
indicating that the SLEV recipient might have been at
lower risk of mosquito-borne exposure. However, these
data were not directly comparable, because many more
mosquito pools were tested in the region of the blood
donor’s residence. In addition, the SLEV recipient spent all
of his potential exposure period indoors while hospital-
ized, except for 1 day spent at home. Serologic test results
indicating recent SLEV infection in both the index patient,
after the implicated transfusion, and Blood Donor C sup-
port SLEV transmission through Blood Donor C’s blood
products.

Human SLEV infection is most commonly acquired
from Culex species mosquito bites; however, other less
common routes of transmission are possible. One case of
laboratory-acquired SLEV infection has been previously
described.?* Although transmission of SLEV through blood
transfusion has not been documented in the published lit-
erature, transmission of flavivirus infections through
blood transfusion is known to occur.>?*2” In Arizona,
blood products are routinely screened for WNV by
NAT.'®?8 There is no FDA requirement or AABB standard
for screening blood products for SLEV, and there are no
SLEV NAT assays commercially available and approved for
blood donor screening.

The benefit of blood product screening for blood-
borne pathogens depends on several factors, including
disease incidence and severity of outcome; screening has
proven effective in reducing transfusion transmission of
WNYV, for example.®® Reported SLEV disease incidence
nationwide is extremely low; an average of seven SLEV
disease cases were reported annually in the United States
during 2004 through 2013 compared with an average of
2540 WNV disease cases reported annually during that
same period. This would limit the benefit of screening
blood donors for SLEV infection.*® The low US incidence
makes the positive predictive value of any SLEV blood
product screening test much lower than that for WNV.
The duration of donor SLEV infectious risk is assumed to
be similar to that for WNV; and, in this case, the local
blood collection agency issued a recommendation once
confirmatory testing was completed for the asymptomatic
blood donor for a 120-day donor deferral period based on
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the same period stipulated for WNV NAT-positive blood
donors.*!

This investigation had multiple limitations. There
were no residual specimens from Blood Donor C’s impli-
cated donation to confirm the presence of SLEV in any
of the donated blood products, which would have
strengthened evidence for transfusion-related transmis-
sion of SLEV. We also could not definitely state when
Blood Donor C’s SLEV viremia occurred, because we only
had serologic confirmation of recent infection. Specimens
were also unavailable for the plasma recipient, because
the investigation took place several weeks after she had
died.

This investigation provides evidence to support the
possibility that SLEV, like WNV, can be transmitted
through blood products, reinforcing the importance of
public health surveillance for SLEV disease, especially dur-
ing an outbreak. Public health officials could determine
whether there is an increased risk for SLEV transmission
in an area and alert physicians to consider SLEV if there is
neuroinvasive disease in a blood transfusion recipient.
This should prompt a public health investigation to deter-
mine whether the infection might have been transfusion
or transplant derived. Current public health surveillance
data may under represent the true burden of SLEV disease
because of the infrequent availability of SLEV laboratory
testing and cross-reactivity with WNV testing. In the
absence of systematic data on the risk of transfusion
transmission of SLEV, there is currently no justification for
routine blood screening; however, continued vigilance for
cases like that described herein should inform risk-based
decisions on whether further mitigation measures are
required. Health care providers and public health profes-
sionals should maintain heightened awareness for SLEV
transmission through blood transfusion in settings in
which SLEV transmission is identified.

SLEV TRANSMISSION INVESTIGATION
TEAM

The St. Louis Encephalitis Virus Transmission Investiga-
tion Team: Melissa Kretschmer, Lia Koski, Andrew
Strumpf, and the Maricopa County Department of Public
Health; Hayley Yaglom, Kenneth Komatsu, Lydia Plante,
and the Arizona Department of Health Services; Dan
Damien and Maricopa County Environmental Services
Vector Control Division; Janna Huskey, Hasan Khamash,
and Mayo Clinic Hospital; Michael Harmon and the Gift
of Hope Organ and Tissue Donor Network; Debbie Free-
man and the Illinois Department of Public Health; Tiana
Riley and the University of Chicago Medical Center; Becca
Craven and the Kovler Organ Transplantation Center; Toni
Slaughter and United Blood Services; and Kristine Bisgard
and the Centers for Disease Control and Prevention.
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Japanese Encephalitis Virus
Transmitted Via Blood Transfusion,
Hong Kong, China

Vincent C.C. Cheng,' Siddharth Sridhar,' Shuk-Ching Wong, Sally C.Y. Wong,
Jasper F.W. Chan, Cyril C.Y. Yip, Chi-Hung Chau, Timmy W.K. Au,
Yu-Yan Hwang, Carol S.W. Yau, Janice Y.C. Lo, Cheuk-Kwong Lee, Kwok-Yung Yuen

Japanese encephalitis virus (JEV) is a mosquitoborne virus
endemic to China and Southeast Asia that causes severe
encephalitis in <1% of infected persons. Transmission of
JEV via blood transfusion has not been reported. We report
transmission of JEV via blood donation products from an
asymptomatic viremic donor to 2 immunocompromised re-
cipients. One recipient on high-dose immunosuppressive
drugs received JEV-positive packed red blood cells after a
double lung transplant; severe encephalitis and a poor clini-
cal outcome resulted. JEV RNA was detected in serum, cere-
brospinal fluid, and bronchoalveolar lavage fluid specimens.
The second recipient had leukemia and received platelets
after undergoing chemotherapy. This patient was asymptom-
atic; JEV infection was confirmed in this person by IgM sero-
conversion. This study illustrates that, consistent with other
pathogenic flaviviruses, JEV can be transmitted via blood
products. Targeted donor screening and pathogen reduction
technologies could be used to prevent transfusion-transmit-
ted JEV infection in highly JEV-endemic areas.

Japanese encephalitis virus (JEV) is a member of the
genus Flavivirus and is the eponymous member of the
JEV antigenic complex of viruses that also includes West
Nile virus (WNV). JEV is endemic to Southeast Asia and
China, where 67,900 cases occur every year (/). The virus
is maintained in a complex enzootic cycle involving pigs
and birds; humans are infected via the bite of infected Cu-
lex spp. mosquitoes (particularly C. tritaeniorhynchus) (2).
Humans infected with JEV have low viremia levels and are
considered to be dead-end hosts (3). Although neurologic
manifestations are observed in <1% of infected patients,
encephalitis caused by JEV is a devastating condition with
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a mortality rate of 20%—-30%. Survivors often suffer perma-
nent neurologic sequelae. No treatment has been proven to
be effective for Japanese encephalitis in clinical trials (4).

Arthropodborne viruses are an emerging threat to
the blood supply. Transmission via blood transfusion has
been described for 4 arthropodborne viruses: dengue vi-
rus, WNV, tick-borne encephalitis virus, and Zika virus
(5—10). Furthermore, chikungunya virus and Usutu virus
have also been found in blood donor samples, indicat-
ing a risk for transmission via this route as well (/7,12).
In contrast, transfusion-related JEV transmission has not
been reported in the literature, although the potential for
this type of transmission has been recognized (/3). In this
study, we describe a case of nosocomial Japanese encepha-
litis in an immunocompromised lung transplant recipient.
An outbreak investigation was conducted to ascertain the
source of the infection and if other patients were at risk for
Japanese encephalitis.

Materials and Methods

Setting

Queen Mary Hospital is a 1,700-bed, university-affiliated,
tertiary referral center in Hong Kong that has a lung trans-
plantation service. After lung transplantation, patients are
transferred for extended care to Grantham Hospital, a 388-
bed specialized respiratory care hospital in the healthcare
network of Hong Kong West Cluster.

Virologic Investigations

Virologic investigations for JEV were performed at the
Public Health Laboratory Services Branch, Centre for
Health Protection, of the Hong Kong Department of Health
and the microbiology laboratory at Queen Mary Hospital.
We performed JEV IgM testing on serum and cerebrospi-
nal fluid (CSF) using the JE Detect IgM Antibody Cap-
ture ELISA (InBiOS, Seattle, WA, USA). We amplified
flavivirus RNA in clinical specimens using a conventional
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panflavivirus heminested reverse transcription PCR (RT-
PCR) with primers targeting the nonstructural protein 5
(NS5) gene as described previously (/4). We detected RT-
PCR products using gel electrophoresis after the first and
second rounds of amplification. We performed real-time
RT-PCR specific for JEV using an in-house—developed as-
say with primers targeting the NS5 gene (forward primer
5'-GGAGCTGGATGGAATGTGAA-3', reverse primer
5'-TCCCTCCGATGGAAGTATAGAA-3', probe 6-FAM-
CCAAAGCGTATGCACAGATGTGGC-BBQ-650; on-
line Technical Appendix 1, https://wwwnc.cde.gov/EID/
article/24/1/17-1297-Techappl.pdf). We tested for other
pathogens that can cause encephalitis, including herpes
simplex virus, varicella zoster virus, enterovirus, adenovi-
rus, cytomegalovirus, erythroparvovirus B19, rabies virus,
Mycobacterium tuberculosis, Mycoplasma pneumoniae,
and Toxoplasma gondii, using in-house—developed PCR
and RT-PCR assays (/95).

Sequencing and Phylogenetic Analysis

Using the inner primer pairs of the panflavivirus heminest-
ed RT-PCR, we performed Sanger sequencing of flavivirus
NS5 gene amplicons with the ABI PRISM 3130x1 Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA).
We compared the resulting sequences to the sequences in
GenBank using BLAST (/6) and performed phylogenetic
analysis using MEGA 6.06 (http://www.megasoftware.
net/). We performed multiple alignment with the NS5 gene
sequences obtained from this study (167 nt long) and those
of other JEV strains using ClustalW, followed by phyloge-
netic tree construction using a Kimura 2-parameter substi-
tution model plus invariant site and the maximum-likeli-
hood method as previously described (/7-19).

Case Definitions

Patients were defined as having JEV infection if any 1 of 2
laboratory criteria was met: detection of JEV-specific IgM
in CSF or serum specimens, or detection of JEV RNA in
blood or CSF specimens. Patients were defined as having a
confirmed transfusion-transmitted JEV infection if they met
the above laboratory criteria for JEV infection and received
a blood product transfusion from a donor with JEV viremia
during the 3 weeks before illness onset. We performed phy-
logenetic analysis to compare the blood donor and recipient
JEV sequences whenever sequences were available.

Outbreak Investigation

Clinical details of the index patient, including date of trans-
plantation, dates of blood transfusions, immunosuppres-
sant dosages, and laboratory investigation results, were re-
trieved from the electronic patient record system. Archived
clinical specimens from the index patient, including serum,
CSF, bronchoalveolar lavage fluid, feces, urine, and saliva

samples, were retrieved from the microbiology laboratory
at Queen Mary Hospital and tested using the panflavivirus
heminested PCR assay.

We retrieved details on the organ donor and other
transplant recipients from the organ donor registry. We re-
trieved the remaining blood products of persons who donat-
ed blood that was transfused into the index patient during
the 3 weeks before illness onset from the Hong Kong Red
Cross Blood Transfusion Service and tested these samples
using the panflavivirus RT-PCR and JEV-specific RT-PCR
described previously.

Because the index patient had resided in Grantham
Hospital for the entire JEV incubation period, mosquito
presence in Grantham Hospital was directly assessed by in-
terviewing healthcare workers, as described in our previous
outbreak investigations (20—23). Culex vector surveillance
is performed by the Food and Environmental Hygiene De-
partment in selected areas of Hong Kong. We were able
to retrieve the monthly surveillance data from 1 of their
surveillance sites near Grantham Hospital (2.5 km away).
This study was approved by the institutional review board
of the University of Hong Kong and Hospital Authority
Hong Kong West Cluster.

Results

Index Patient

A 52-year-old man with advanced chronic obstructive pul-
monary disease underwent double lung transplantation on
May 10, 2017, in Queen Mary Hospital. After transplan-
tation, the patient’s clinical course was complicated by
nosocomial pneumonia; Burkholderia cepacia and methi-
cillin-resistant Staphylococcus aureus were isolated from
the patient’s sputum specimens. The infection required a
prolonged course of broad-spectrum antimicrobial drugs
and ventilator support. Antirejection prophylaxis included
tacrolimus (0.5 mg/d), mycophenolate mofetil (250 mg
2x/d), and a tapering course of prednisolone. He was trans-
ferred multiple times between Queen Mary Hospital and
Grantham Hospital (Figure 1). The patient required trans-
fusions of packed red blood cells for anemia on June 20,
22, and 25 (1 unit/d) in Grantham Hospital.

On July 6 (57 days after transplantation and 11-16
days after transfusions), he had a transient maculopapular
rash and fever. Blood tests showed leukocyte (8.99 x 10°
cells/L), neutrophil (7.17 x 10° cells/L), and lymphocyte
(1.18 x 10? cells/L) counts within reference ranges. Plasma
sodium decreased to 128 mmol/L, and liver and renal func-
tion test results were unremarkable. His conscious level
progressively deteriorated, and he developed myoclon-
ic jerks 2 days after the onset of rash. Serial blood tests
showed transient lymphopenia (0.44 x 10° cells/L) and a
drop in platelet count (33 x 10%/L).
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Japanese Encephalitis Virus Transmitted Via Blood

Double lung transplantation for end-stage COPD in Queen Mary Hospital

Transfer to Grantham Hospital (single room in ward 1BH)
for post—lung transplant specialized respiratory care

Transfer to Queen Mary Hospital (ward E5I) for intensive care
because of nosocomial pneumonia

Transfer to Grantham Hospital (single room in ward 1BH)
for post—lung transplant specialized respiratory care

Transfusion of 1 unit of packed red blood cells
(retrospectively confirmed to contain JEV by RT-PCR)

Fever, rash, and decreased conscious level (day 14 after transfusion)

Confusion with GCS (E3M4VT) and myoclonus, requiring inotropic and
ventilatory support

Lumbar puncture shows lymphocytic pleocytosis

Transfer to Queen Mary Hospital (ward ESI) for intensive care and
further investigation

MRI reveals bilateral thalamic hyperintense signals
Preliminary laboratory diagnosis of JE, JEV IgM in serum

Laboratory confirmation of JE, JEV IgM and RNA in CSF

Laboratory confirmation of JE, packed red blood cells positive for

Figure 1. Timeline of index
patient with transfusion-
transmitted JEV infection, Hong
Kong, China, May-July 2017.
Day counts indicate the number
of days after double lung
transplant, unless specified
otherwise. COPD, chronic
obstructive pulmonary disease;
CSF, cerebrospinal fluid; GCS,
Glasgow Coma Scale; JEV,
Japanese encephalitis virus;
MRI, magnetic resonance
imaging; RT-PCR, reverse
transcription PCR.

JEV RNA by RT-PCR
A4

A lumbar puncture was performed 6 days after symp-
tom onset. The opening pressure was 13.4 cm H,O (refer-
ence range 6-20 cm H,0), and the CSF had a total cell
count of 20 x 10° cells/L, with a predominance of mono-
cytes (58%) and lymphocytes (35%). CSF protein was ele-
vated (1.61 g/L). Magnetic resonance imaging (MRI) of the
brain performed 10 days after symptom onset showed sym-
metric hyperintensities in the bilateral thalami, substantia
nigra, and medial temporal lobes (Figure 2).

In view of the CSF pleocytosis and elevated protein
levels, an extensive workup was performed for infectious
causes of meningoencephalitis. Gram and Ziehl-Neelsen
stains, bacterial and fungal cultures, and the cryptococcal
antigen test all gave negative results. PCR for herpes sim-
plex virus, varicella zoster virus, cytomegalovirus, Epstein-
Barr virus, enterovirus, rabies virus, Mycobacterium tuber-
culosis, Mycoplasma pneumoniae, and Toxoplasma gondii
were all negative. Serum PCR screening for adenovirus and
erythroparvovirus B19 were also negative.

Because of the characteristic distribution of MRI ab-
normalities involving the basal ganglia, the possibility of
flaviviral encephalitis was considered. The patient’s CSF
was positive for JEV IgM. Subsequent serum samples col-
lected July 15 and 18 were also positive for JEV IgM, but
the archived serum specimen obtained May 31, 2017, was

negative (Table). Panflavivirus heminested PCR performed
on CSF yielded a positive result, with sequencing of the
amplicon confirming the presence of JEV (genotype 1).
Archived clinical specimens obtained from the patient dur-
ing the 2 weeks before symptom onset were retrospectively
tested using the panflavivirus heminested RT-PCR. Two
serum specimens collected June 26 and 28 (10 and 8 days,
respectively, before symptom onset) and a bronchoalveo-
lar lavage fluid specimen collected day 5 after symptom
onset also tested positive for flavivirus RNA and were con-
firmed to be JEV by sequencing (GenBank accession no.
MF594404). The patient died on October 1, 2017.

Outbreak Investigation

In response to this case of nosocomial acquisition of JEV,
the hospital infection control team launched an outbreak
investigation in Queen Mary Hospital and Grantham Hos-
pital by tracing the placement of the patient during his en-
tire hospitalization. The index patient was treated in air-
conditioned rooms in Queen Mary Hospital and Grantham
Hospital throughout his hospitalization. Therefore, mos-
quitoborne transmission was considered unlikely. Further-
more, a vector surveillance point surveyed by the Food
and Environmental Hygiene Department, located 2.5 km
from Grantham Hospital, showed that C. tritaeniorhynchus
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Figure 2. Magnetic resonance imaging of brain of index patient
66 days after double lung transplantation, Hong Kong, China.
Coronal FLAIR (FLuid Attenuation Inversion Recovery sequence)
image of the head at the level of the lateral ventricles, thalamus,
and midbrain shows high signal at bilateral thalamus, midbrain,
and medial temporal lobes.

mosquitoes had not been detected since April 2017. There-
fore, alternative sources of infection, including blood trans-
fusion, sharps injury with contaminated blood, and organ
transplantation, were considered.

The onset of symptoms in the index patient was 57
days after the transplantation date, longer than the usual
5—15-day incubation period for JEV. The organ donor was
a 70-year-old road traffic accident victim. Urgent contact
tracing of the recipients who received organs (1 liver and 2
kidneys) from this donor revealed that the recipients were
asymptomatic. JEV IgM testing of serum samples from
these transplant recipients on day 71 (for the liver trans-
plant recipient), day 76 (for renal transplant recipient 1),
and day 83 (for renal transplant recipient 2) after transplan-
tation were all negative. A serum sample from the organ
donor was not available for JEV testing.

Because the index patient had received 3 units of
packed red blood cells from 3 different donors on 3 dif-
ferent days during the 3 weeks before illness onset (i.c., 1
unit each on June 20, June 22, and June 25), the remain-
ing blood products from all 3 donors were traced from the
Hong Kong Red Cross Blood Transfusion Service and
samples were taken. Only the sample from the transfu-
sion on June 22 tested positive by both real-time RT-PCR
for JEV and conventional heminested PCR for flavivirus.
Sequencing of the amplicons obtained by conventional
PCR yielded a sequence identical to that obtained from the

index patient (Figure 3). Phylogenetic comparison with
other JEV sequences from GenBank showed that the index
case and blood donor isolates belonged to JEV genotype
1, a circulating genotype common in southern China (24).
The blood donor was a 46-year-old man who resided in Tin
Shui Wai of the Yuen Long District in the New Territories
region of Hong Kong. He had been asymptomatic at the
time of blood donation (May 29, 2017) and had no recent
travel to JEV-endemic regions outside of Hong Kong. He
did not develop any symptoms of Japanese encephalitis af-
ter the blood donation. On July 22, a serum sample from
the donor tested positive for JEV IgM. He was deferred
from donating blood for 1 year.

Evaluation for Secondary Cases

After confirmation that a blood donor was the source of JEV
infection in the index patient, we urgently traced other pa-
tients who received blood products from this donor and iden-
tified 2 recipients (Table). One was a 61-year-old man with
newly diagnosed acute myeloid leukemia who had received
induction chemotherapy with cytarabine and daunorubicin
during May 814, 2017; he was transfused with platelets ob-
tained from the viremic blood donor on June 2, 2017. His
white blood cell count on the day of platelet transfusion was
3.39 x 10° cells/L, and he had severe lymphopenia (0.24 x
10° cells/L). His lymphocyte counts steadily rose to 0.95 x
10° cells/L 10 days after the transfusion and normalized by
the end of June. He was asymptomatic at follow-up 2 months
after transfusion. Upon recognition that this patient received
a potentially JEV-infected blood product, staff retrieved his
archived serum specimens collected before transfusion and
33 and 50 days after transfusion to test for JEV IgM. The se-
rum specimens collected before transfusion tested negative
for JEV IgM, but those collected after tested positive, con-
firming a recent asymptomatic infection probably contracted
from the platelet transfusion. JEV RNA was not detected in
a urine specimen collected 50 days after or a plasma sample
collected 53 days after the transfusion.

The other blood product recipient was a 64-year-old
man who was admitted for intracranial hemorrhage. He re-
ceived a plasma transfusion June 20, 2017, and died July 4,
2017, due to respiratory failure. No serum specimens were
available for serologic testing from this patient, and an au-
topsy was not performed.

Discussion

In our study, we report nosocomial transmission of JEV
through blood transfusion products from an asymptomatic
viremic donor to 2 immunocompromised persons, resulting
in 1 case of severe encephalitis and another asymptomatic
infection with seroconversion. JEV has been documented
to be exclusively transmitted via the bite of Culex mos-
quitoes. However, when we diagnosed JEV infection in a
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Table. Demographics, investigation results, and clinical details of asymptomatic JEV-infected blood donor and recipients, Hong Kong,

China, May—July 2017*

Variable

Packed red blood cell recipient

Donor (index patient)

Platelet recipient

Plasma recipient

Underlying disease

No history of disease, no
recent travel to JEV-
endemic regions outside
Hong Kong; resides in JEV-
endemic area Tin Shui Wai,
Yuen Long

End-stage chronic obstructive
pulmonary disease with lung
transplantation, May 10

Acute myeloid
leukemia
postinduction
chemotherapy with
cytarabine and
daunorubicin

Intracranial
hemorrhage

Blood donation or

Blood donation, May 29 Packed red blood cell

Platelet transfusion,

Plasma transfusion,

transfusion type, date transfusion, June 22 June 2 June 20
Pretransfusion IgM Specimen not available Serum negative, May 31 Serum negative, Specimen not
serology result, date May 25 available
Posttransfusion IgM Serum positive, July 22 CSF positive, July 11; serum Serum positive, Specimen not
serology result, date positive, July 15 and 18 July 5 and 22 available
JEV nucleic acid test, Positive archived blood Positive blood sample, June 26  Negative plasma Specimen not
specimen type and specimen and 28; positive sample, July 22; available
result, date bronchoalveolar lavage, July negative urine
10 sample, July 25
Clinical symptoms Asymptomatic Fever and rash July 6 (14 d Asymptomatic Unknown
after transfusion), followed by
decreased consciousness and
myoclonic jerks; MRI showed
typical appearance of T2
hyperintensity of bilateral
thalami, substantia nigra, and
medial temporal lobes
Outcome Full recovery Died October 1, 2017 Full recovery Died from respiratory

failure 14 d after
transfusion

*CSF, cerebrospinal fluid; JEV, Japanese encephalitis virus; MRI, magnetic resonance imaging.

patient who had been hospitalized for a prolonged period
of time, mosquitoborne transmission was considered un-
likely because of several factors. First, the index patient
was treated in an air-conditioned facility with closed doors
and windows during the entire incubation period. Second,
rigorous integrated pest management programs (including
weekly inspections by dedicated staff and regular monthly
pest control services) were implemented in public hospi-
tals and clinics in Hong Kong in 2014 in response to the
increasing threat of mosquitoborne infectious diseases,
such as dengue in nearby Guangzhou Province, China (25).
Furthermore, although real-time information on Culex
spp. breeding density in the district was not available, a
C. tritaeniorhynchus mosquito distribution survey in Hong
Kong showed that adult vector prevalence was low in the
Aberdeen area, where Grantham Hospital is located (26).

Because of these circumstances, other sources of in-
fection were considered. Transmission via organ transplan-
tation, which has been reported for WNV, was considered
(27), but serologic screening of other organ recipients from
the same donor did not reveal any evidence of JEV infec-
tion. Blood product transfusion was then considered as a
possible source of infection. JEV RNA was detected in a
blood donation sample from 1 donor, and phylogenetic
analysis showed 100% sequence identity between the iso-
lates in the donor and recipient, confirming transfusion-
transmitted JEV.

The blood donor resided in Tin Shui Wai of the Yuen
Long District, an area that has been shown to have a high
C. tritaeniorhynchus vector density (26). From January
2003 through June 2017, seventeen cases of locally ac-
quired JEV infection in Hong Kong were recorded by
the Department of Health, and 11 (64.7%) of the 17 pa-
tients resided in Yuen Long District. Therefore, the donor
was likely to have been infected in Tin Shui Wai. This
report illustrates that localized pockets of high JEV ende-
micity can facilitate the transmission of JEV via uncon-
ventional routes.

Arboviruses pose unique threats to the blood supply
(28-30). Compromise of the blood supply by arboviruses
has been well documented during explosive outbreaks of
Zika, dengue, WNV, and chikungunya virus infections in
recent years (//,37). Our findings have major implications
for JEV-endemic areas, where undetected transmission of
JEV by blood transfusion might be widespread because of
high rates of asymptomatic infection in both donors and re-
cipients. In the case we report, 24 days elapsed between the
time of blood donation and transfusion to the index patient,
indicating that the virus can remain viable in packed red
blood cells over a prolonged period of time. Risk assess-
ment of the presence of JEV in the blood supply in JEV-
endemic areas should be undertaken.

Mitigation of such transmission is difficult because
standard measures to protect the blood supply during
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Index patient BAL
Index patient CSF
Index patient serum

Donor’s blood sample

82

88 || JEV/SCCZ/China(Sichuan)/2010 KU351667

941 | JEV/HNO411/China(Henan)/2004 JN381831

JEV/FU/Australia/1995 AF217620

JEV/Beijing-1/China/1949 L48961

JEV/JKT6468/Indonesia/1981 AY 184212

JEV/XZ0934/China/2009 JF915894

—
0.05

JEV/JS-1/China(Jiangsu)/2015 KX357114

— JEV/XZ0938/China(Xizang)/2009 HQ652538
JEV/SXYC1523/China(Shanxi)/2015 KY078829

L JEV/SH53/China(Shanghai)/2001 JN381850 Gl
JEV/YNTCO07018/China(Yunnan)/2007 KT95742

JEV/BL06-54/China(Guangxi)/2006 JF706271
JEV/GZ56/China(Guizhou)/2008 HM366552

— JEV/BL06-50/China(Guangxi)/2006 JF706270

JEV/BN82215/China(Yunnan)/1982 KT957423

. Figure 3. Phylogenetic tree constructed by
using partial nonstructural protein 5 (NS5)
sequences of JEV isolates detected in index
patient and donor blood samples, Hong
Kong, China, and other JEV reference strains
available in GenBank (accession numbers
shown). The tree was inferred from data by
using the maximume-likelihood method with
bootstrap values calculated from 1,000 trees.
Only bootstrap values >70% are shown. A
167-nt fragment of NS5 from each virus was
used in this analysis. Labels at right indicate
JEV genotypes (GI-V): JEV from patient and
donor samples grouped with Gl strains. Scale
bar indicates estimated number of nucleotide
substitutions per 20 nt. BAL, bronchoalveolar
lavage; CSF, cerebrospinal fluid; JEV,
Japanese encephalitis virus.
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arboviral outbreaks, suchasdonorsymptomand travel ques-
tionnaires (online Technical Appendix 2, https://wwwnc.
cdc.gov/ElD/article/24/1/17-1297-Techapp2.pdf), are not
useful in the case of JEV, which has a high rate of sub-
clinical infection and low incidence in Hong Kong. Two
approaches to minimize the risk for transfusion-transmit-
ted JEV infection are donor JEV screening and pathogen
reduction technology (PRT). Both approaches have limi-
tations. Donor screening would involve nucleic acid test-
ing (NAT) of either individual donors or multiple donors
by using minipools, as has been described for WNV and
Zika virus (32—34). The biggest challenge for implement-
ing screening is the lack of well-established and licensed
JEV NAT for use in the blood donor setting. The use of
clinical diagnostic NAT for donation screening is associ-
ated with the potential for false-positive results by cross-
contamination caused by amplicon carryover. Individual
donor NAT is likely to be prohibitively expensive, and
minipool NAT is difficult to standardize for JEV, given
the lack of data on viral loads in asymptomatic persons.

Although historically most Japanese encephalitis cases
in Hong Kong have occurred during the rainy summer
season (May—August), even limited seasonal screening
of residents in high-risk areas of Hong Kong might be
impractical because of the highly mobile population and
imprecise delineation of seasons due to climate change.
Although donor screening might not be cost-effective
for universal application, a more selective application of
blood products used for immunocompromised persons
might be considered. However, JEV can cause life-threat-
ening disease even in immunocompetent persons, and
the correlation between immunosuppression and disease
severity is not clear. A range of novel PRTs for blood
products that involve the combined use of ultraviolet light
and reagents such as psoralens or riboflavin are available
(35,36). Examples include the INTERCEPT Blood Sys-
tem for platelets and plasma (Cerus Corporation, Concord,
CA, USA); Mirasol Pathogen Reduction Technology for
plasma, platelets, and whole blood (Terumo BCT, Lake-
wood, CO, USA); and the THERAFLEX platform for
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plasma and platelets (Macopharma, Tourcoing, France).
These methods require individual component processing,
are not suitable for all blood components, and are expen-
sive to implement. No direct evidence indicates that these
products are efficient at reducing JEV infectivity, although
such efficacy could be extrapolated from studies on PRT
for Zika and dengue viruses (37,38). Also, leukocyte de-
pletion of blood products might theoretically reduce the
risk for JEV transmission, but this method also requires
validation. Implementation of a JEV vaccination program
with high coverage in areas with high C. tritaeniorhyn-
chus mosquito breeding density might also be considered
to definitively eliminate this virus from the blood supply.
If transfusion-transmitted JEV is confirmed to be a signifi-
cant threat to the blood supply in highly endemic regions,
a combination of these methods might be required to pre-
vent transfusion-transmitted JEV infection.

Transmission of WNV, another member of the JEV an-
tigenic serocomplex, to immunocompromised patients via
blood transfusion has been reported (7). Immunocompro-
mised patients infected with WNV tended to have longer
incubation periods (>10 days) and higher rates of severe
illness (39). In our study, the index patient had symptom
onset 14 days after the transfusion and overt encephalitis 2
days later, a relatively long incubation period, comparable
with the observations made for WNV. Clinical specimens
from immunocompetent patients with JEV infection are
typically PCR negative at symptom onset, reflecting im-
mune-mediated pathogenesis of the disease. However, in
our immunocompromised patient, JEV RNA was detected
in a serum specimen from 10 days before symptom onset
and in bronchoalveolar fluid and CSF samples from days
5 and 6, respectively, after symptom onset, reflecting the
inability of this immunocompromised patient to effectively
clear the virus. The detection of JEV in lower respiratory
tract specimens has not been reported previously. However,
WNV has been reported to cause pneumonia in immuno-
compromised transplant recipients (40). The clinical sig-
nificance of JEV in the respiratory tract of our patient is un-
clear; the patient had extensive consolidative changes over
both lung fields on chest radiograph, but culture of the bron-
choalveolar fluid specimen yielded B. cepacia, suggesting
a component of bacterial pneumonia. However, pulmonary
involvement caused by disseminated JEV infection in this
immunocompromised patient cannot be excluded.

We identified a second patient who had evidence of
JEV seroconversion after receiving platelets from the
viremic donor. This patient was immunocompromised
at the time of platelet transfusion, which was 19 days
after completion of induction chemotherapy for acute
leukemia. His relatively asymptomatic clinical course
was probably related to the recovery of bone marrow
function during the incubation period, in contrast to the

Japanese Encephalitis Virus Transmitted Via Blood

index patient, who was subjected to continuous lym-
phocyte-depleting immunosuppression from the antire-
jection prophylaxis administered during the incubation
period. However, other factors might be responsible,
including differences in virus inoculum (the JEV en-
velope protein has hemagglutinating properties, which
could have resulted in a higher accumulation of virus in
the packed red blood cell packet); blood product stor-
age conditions (platelet concentrates are stored at higher
temperatures, which could have lowered JEV viability in
this blood product); and other subtle differences in host-
pathogen interactions.

In summary, this study illustrates that JEV can be
transmitted via transfusion of cellular blood components to
immunocompromised persons and could cause severe out-
comes. Enhanced understanding of the prevalence of JEV
in the blood supply, the incidence of transfusion-transmit-
ted JEV, and measures for risk mitigation in JEV-endemic
areas are urgently needed.
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The Centre for Health Protection (CHP) of the Department of Health (DH) received today [Wed 14 Feb
2018] a notification from the National Health and Family Planning Commission (NHFPC) that a human
case of avian influenza A (H7N4) was confirmed from [10 to 14 Feb 2017], and reminded the public to
maintain strict personal, food and environmental hygiene both locally and during travel.

According to the NHFPC, this is the 1st case of human infection with avian influenza A (H7N4) in the
world. The case involved a 68-year-old female patient living in Liyang in Changzhou of Jiangsu Province
who developed symptoms on [25 Dec 2017]. She was admitted to hospital for medical treatment on [1
Jan 2018] and was discharged on [22 Jan 2018]. She had contact with live poultry before the onset of
symptoms. All her close contacts did not have any symptoms during the medical surveillance period.

According to a report from the Chinese Center for Disease Control and Prevention, upon analysis, the
genes of the virus were determined to be of avian origin. "All novel influenza A infections, including
H7N4, are notifiable infectious diseases in Hong Kong," the spokesman for the CHP said.

"Based on the seasonal pattern, the activity of avian influenza viruses is expected to be higher in winter.
Travellers to the Mainland or other affected areas must avoid visiting wet markets, live poultry markets
or farms. They should be alert to the presence of backyard poultry when visiting relatives and friends.
They should also avoid purchasing live or freshly slaughtered poultry, and avoid touching poultry/birds
or their droppings. They should strictly observe personal and hand hygiene when visiting any place with
live poultry," the spokesman reminded.

Travellers returning from affected areas should consult a doctor promptly if symptoms develop, and
inform the doctor of their travel history for prompt diagnosis and treatment of potential diseases. It is
essential to tell the doctor if they have seen any live poultry during travel, which may imply possible
exposure to contaminated environments. This will enable the doctor to assess the possibility of avian
influenza and arrange necessary investigations and appropriate treatment in a timely manner.

While local surveillance, prevention and control measures are in place, the CHP will remain vigilant and
work closely with the World Health Organization and relevant health authorities to monitor the latest
developments.

The CHP's Port Health Office conducts health surveillance measures at all boundary control points.
Thermal imaging systems are in place for body temperature checks on inbound travellers. Suspected
cases will be immediately referred to public hospitals for follow-up.

The display of posters and broadcasting of health messages in departure and arrival halls as health
education for travellers is under way. The travel industry and other stakeholders are regularly updated
on the latest information.

The public should maintain strict personal, hand, food and environmental hygiene and take heed of the
advice below if handling poultry:
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- Avoid touching poultry, birds, animals or their droppings;

- When buying live chickens, do not touch them and their droppings. Do not blow at their bottoms. Wash
eggs with detergent if soiled with faecal matter and cook and consume the eggs immediately. Always
wash hands thoroughly with soap and water after handling chickens and eggs;

- Eggs should be cooked well until the white and yolk become firm. Do not eat raw eggs or dip cooked
food into any sauce with raw eggs.

- Poultry should be cooked thoroughly. If there is pinkish juice running from the cooked poultry or the
middle part of its bone is still red, the poultry should be cooked again until fully done;

- Wash hands frequently, especially before touching the mouth, nose or eyes, before handling food or
eating, and after going to the toilet, touching public installations or equipment such as escalator
handrails, elevator control panels or door knobs, or when hands are dirtied by respiratory secretions
after coughing or sneezing; and

- Wear a mask if fever or respiratory symptoms develop, when going to a hospital or clinic, or while
taking care of patients with fever or respiratory symptoms.

The public may visit the CHP's pages for more information: the avian influenza page, the weekly Avian
Influenza Report, global statistics and affected areas of avian influenza, the Facebook Page and the
YouTube Channel.

Communicated by:
ProMED-mail
<promed@promedmail.org>

[This is the 1st report of a human case infected with avian influenza A/H7N4. This raises concerns in
view of the recent emergence of Influenza A/H7N9 viruses that have increasingly caused severe disease
in humans since their emergence in 2013. The fact that surveillance in live bird markets and poultry as
well as humans has been increased in recent years may have contributed to early detection of this novel
influenza A/H7subtype, but it also indicates that not only are these avian viruses evolving continuously;

it is evidence of bird to human transmission events that increase the likelihood of emergence of viruses
with pandemic potential. - Mod.UBA

HealthMap/ProMED-mail map:

Jiangsu Province, China: http://healthmap.org/promed/p/342]
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Avian influenza, human (60): China (JX) HON2 20160912.4481431

Avian influenza, human (58): China, H7N9, update, WHO 20160820.4422893
Avian influenza, human (57): China, H7N9, WHO update 20160727.4370565
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Date: Tue 31 Oct 2017 17:07
Source: Russia News [In Russian, translated by Google, edited]
http://news-russia.info/2017/10/31/rukovoditel-rospotrebnadzora-soobschila-o-viyavlenii-u/

We are talking about the virus H5N8, which was previously observed only in birds, warns Rospotrebnadzor.
At the same time, as the head of Rospotrebnadzor, Anna Popova reported today [Tue 31 Oct 2017], Russian
scientists confirmed the possibility of asymptomatic human infection with the avian influenza H5N8 virus,
which was previously observed only in birds. This confirms that the virus has crossed an interspecies barrier
and acquired new properties that may be potentially unsafe for humans, RIA Novosti reported referring to
the head of Rospotrebnadzor Anna Popova.

However, at the same time, we found that when examining the blood sera of people who were in contact,
they took care of birds in these outbreaks. Antibodies to influenza viruses and H5N1 and H5N8 were found
in the blood almost without clinical occurrences, hence the interspecies transition threshold. The head of
Rospotrebnadzor expressed hope that in the future this strain will not lead to negative results.

Communicated by:
ProMED-mail
<promed@promedmail.org>

[According to Popova, for scientists this situation will be a motivation for the continuation of observations
and research on avian flu. And outbreaks of influenza in birds in the very beginning of 2016 were registered
in 48 countries of Asia, Africa, North America and Europe.

As mentioned in the report, Influenza A/H5N8 has been reported previously only from poultry and wildfowl
from over 24 countries in Europe, and parts of Asia, Middle East and Africa, and the A(H5N8) virus has been
circulating continuously in Asia since 2010
[https://www.sciencedaily.com/releases/2016/11/161121170044.htm]. According to the WHO assessment
'Human infection with the A(H5N8) virus cannot be excluded, although the likelihood is low, based on the
limited information obtained to date. It should be noted that human infection with A(H5N6) of related clade
2.3.4.4 has already occurred'.

[http://www.who.int/influenza/human animal interface/avian influenza/riskassessment AH5N8 201611/en/].

A report from November 2016 concluded 'Full genome sequencing of recent HPAI A(H5N8) viruses suggest
that these viruses remain essentially bird viruses without any specific increased risk for humans. No human
infections with this virus have ever been reported world-wide. ECDC's updated rapid risk assessment
concludes that the risk of transmission to the general public in Europe is considered to be very
low'[https://www.sciencedaily.com/releases/2016/11/161121170044.htm]. However, based on the
available information of other A(H5) subtype viruses, human population immunity against the recently
detected A(H5N8) viruses is expected to be minimal.

Continued surveillance for all highly pathogenic avian influenza A(H5) viruses will be important to monitor
their occurrence and evolution. Timely sharing of representative viruses and sequence information is critical
for a complete assessment of the risk posed by these viruses.

Public health advice

- Avoid contact with any birds (poultry or wild birds) or other animals that are sick or are found dead and
report them to the relevant authorities.

- Wash hands properly with soap or a suitable disinfectant.

- Follow good food safety and good food hygiene practices.
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Russia has reported poultry outbreaks with this avian influenza virus since 2014, and this report of a human
case mandates a detailed investigation in to underlying factors. - Mod.UBA

A HealthMap/ProMED-mail map can be accessed at: http://healthmap.org/promed/p/98.]
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Portugal (Algarve) wildfowl, HPAI H5N8, OIE 20170202.4811961

Uganda, HPAI H5N8, wildfowl, poultry, FAO, migration concern 20170202.4810412
Greece wildfowl HPAI H5N5 Macedonia poultry HPAI H5N8, OIE 20170130.4803658
Europe, Asia, HPAI H5NS8, poultry, wildfowl, spread 20170125.4790548

Italy (VN) poultry, HPAI H5N8, OIE 20170124.4787128

Iran, poultry, H5N8, spread 20170123.4786909
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Europe, wild bird, HPAI H5N8, new strain, OIE 20170112.4760583
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UK (England) HPAI H5N8, swan 20170111.4757028

Europe, Asia, H5NS8, poultry, wild, spread 20170109.4752395
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Europe, Asia, H5NS8, poultry, wild, spread 20170109.4752395
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influenza, human (118): CDC H5 virus risk assessment 20150731.3548675
influenza, human (27): WHO update H5 & H7N9, China (GD) H7N9 20150129.3129613
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Date: Wed 14 Feb 2018
Source: Hong Kong Govt. Press Release[edited]
http://www.info.gov.hk/gia/general/201802/14/P2018021400759.htm

The Centre for Health Protection (CHP) of the Department of Health (DH) received today [Wed 14 Feb
2018] a notification from the National Health and Family Planning Commission (NHFPC) that a human
case of avian influenza A (H7N4) was confirmed from [10 to 14 Feb 2017], and reminded the public to
maintain strict personal, food and environmental hygiene both locally and during travel.

According to the NHFPC, this is the 1st case of human infection with avian influenza A (H7N4) in the
world. The case involved a 68-year-old female patient living in Liyang in Changzhou of Jiangsu Province
who developed symptoms on [25 Dec 2017]. She was admitted to hospital for medical treatment on [1
Jan 2018] and was discharged on [22 Jan 2018]. She had contact with live poultry before the onset of
symptoms. All her close contacts did not have any symptoms during the medical surveillance period.

According to a report from the Chinese Center for Disease Control and Prevention, upon analysis, the
genes of the virus were determined to be of avian origin. "All novel influenza A infections, including
H7N4, are notifiable infectious diseases in Hong Kong," the spokesman for the CHP said.

"Based on the seasonal pattern, the activity of avian influenza viruses is expected to be higher in winter.
Travellers to the Mainland or other affected areas must avoid visiting wet markets, live poultry markets
or farms. They should be alert to the presence of backyard poultry when visiting relatives and friends.
They should also avoid purchasing live or freshly slaughtered poultry, and avoid touching poultry/birds
or their droppings. They should strictly observe personal and hand hygiene when visiting any place with
live poultry," the spokesman reminded.

Travellers returning from affected areas should consult a doctor promptly if symptoms develop, and
inform the doctor of their travel history for prompt diagnosis and treatment of potential diseases. It is
essential to tell the doctor if they have seen any live poultry during travel, which may imply possible
exposure to contaminated environments. This will enable the doctor to assess the possibility of avian
influenza and arrange necessary investigations and appropriate treatment in a timely manner.

While local surveillance, prevention and control measures are in place, the CHP will remain vigilant and
work closely with the World Health Organization and relevant health authorities to monitor the latest
developments.

The CHP's Port Health Office conducts health surveillance measures at all boundary control points.
Thermal imaging systems are in place for body temperature checks on inbound travellers. Suspected
cases will be immediately referred to public hospitals for follow-up.

The display of posters and broadcasting of health messages in departure and arrival halls as health
education for travellers is under way. The travel industry and other stakeholders are regularly updated
on the latest information.

The public should maintain strict personal, hand, food and environmental hygiene and take heed of the
advice below if handling poultry:
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- Avoid touching poultry, birds, animals or their droppings;

- When buying live chickens, do not touch them and their droppings. Do not blow at their bottoms. Wash
eggs with detergent if soiled with faecal matter and cook and consume the eggs immediately. Always
wash hands thoroughly with soap and water after handling chickens and eggs;

- Eggs should be cooked well until the white and yolk become firm. Do not eat raw eggs or dip cooked
food into any sauce with raw eggs.

- Poultry should be cooked thoroughly. If there is pinkish juice running from the cooked poultry or the
middle part of its bone is still red, the poultry should be cooked again until fully done;

- Wash hands frequently, especially before touching the mouth, nose or eyes, before handling food or
eating, and after going to the toilet, touching public installations or equipment such as escalator
handrails, elevator control panels or door knobs, or when hands are dirtied by respiratory secretions
after coughing or sneezing; and

- Wear a mask if fever or respiratory symptoms develop, when going to a hospital or clinic, or while
taking care of patients with fever or respiratory symptoms.

The public may visit the CHP's pages for more information: the avian influenza page, the weekly Avian
Influenza Report, global statistics and affected areas of avian influenza, the Facebook Page and the
YouTube Channel.

Communicated by:
ProMED-mail
<promed@promedmail.org>

[This is the 1st report of a human case infected with avian influenza A/H7N4. This raises concerns in
view of the recent emergence of Influenza A/H7N9 viruses that have increasingly caused severe disease
in humans since their emergence in 2013. The fact that surveillance in live bird markets and poultry as
well as humans has been increased in recent years may have contributed to early detection of this novel
influenza A/H7subtype, but it also indicates that not only are these avian viruses evolving continuously;

it is evidence of bird to human transmission events that increase the likelihood of emergence of viruses
with pandemic potential. - Mod.UBA

HealthMap/ProMED-mail map:

Jiangsu Province, China: http://healthmap.org/promed/p/342]
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Emergencies preparedness, response

Human infection with avian influenza A
(H7N4) virus — China

Disease outbreak news
22 February 2018

On 14 February 2018, the National Health and Family Planning
Commission (NHFPC) of China notified the World Health Organization
(WHO) of one case of human infection with avian influenza A(H7N4)
virus. This is the first human case of avian influenza A(H7N4) infection to
be reported worldwide.

The case-patient was a 68-year-old woman from Jiangsu Province with
pre-existing coronary heart disease and hypertension and she developed
symptoms on 25 December 2017. Seven days later, she was admitted to
a local hospital for treatment of severe pneumonia and was discharged
after 21 days. On 12 February, the Chinese Center for Disease Control
and Prevention (China CDC) confirmed that the case-patient’s samples
were positive for avian influenza A(H7N4). The NHFPC confirmed the
diagnosis on 13 February 2018. The case-patient had reported a history
of exposure to live poultry before onset of symptoms.

Genetic sequencing of this A(H7N4) virus shows that all the virus
segments originated from avian influenza viruses. This virus is sensitive
to adamantanes and neuraminidase inhibitors based on genetic
sequencing.

Twenty-eight close contacts of the case-patient have been under medical
observation. Among close contacts, no abnormal findings have been
found and all throat swabs from her contacts have tested negative.

Public health response

The Chinese government conducted a risk assessment, and has
enhanced prevention and control measures, surveillance and
epidemiological investigations including contact tracing and laboratory
testing. Public risk communication and information sharing is ongoing.

WHO is in contact with national authorities and is following the event
closely. WHO is facilitating information-sharing with Member States and
is closely monitoring the situation, in line with the International Health
Regulations (2005).

WHO risk assessment

This is the first report of a human case of avian influenza A(H7N4)
infection globally and the case reported exposure to live backyard poultry
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before illness onset. Genetic analysis of this influenza A(H7N4) virus
indicates that it is of avian origin.

Close contacts of the case-patient tested negative for avian influenza A
(H7N4) and remained asymptomatic. Current evidence suggests that this
virus does not have the ability of sustained transmission to humans, thus
the likelihood of sustained human to human transmission is low. Any
animal influenza virus that develops the ability of human to human
transmission can theoretically cause a pandemic.

It is possible that additional human cases of avian influenza A(H7N4) will
be detected, however only one human case has been detected so far,
and information on the circulation of avian influenza A(H7N4) in birds is
not currently available. Further information needs to be gathered to
increase the confidence in this assessment.

WHO advice

The public should avoid contact with high-risk environments such as live
animal markets/farms and live poultry, or surfaces that might be
contaminated by poultry feces. Hand hygiene with frequent washing or
use of alcohol hand sanitizer is recommended. WHO does not
recommend any specific different measures for travellers.

WHO does not advise special screening at points of entry with regard to
this event, nor does it recommend that any travel or trade restrictions be
applied.

Related links

Fact sheet on avian influenza

More avian influenza outbreak
news

China country profile

Avian and other zoonotic influenza
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Emergencies preparedness, response

Human infection with avian influenza A
(H7N4) virus — China

Disease outbreak news
22 February 2018

On 14 February 2018, the National Health and Family Planning
Commission (NHFPC) of China notified the World Health Organization
(WHO) of one case of human infection with avian influenza A(H7N4)
virus. This is the first human case of avian influenza A(H7N4) infection to
be reported worldwide.

The case-patient was a 68-year-old woman from Jiangsu Province with
pre-existing coronary heart disease and hypertension and she developed
symptoms on 25 December 2017. Seven days later, she was admitted to
a local hospital for treatment of severe pneumonia and was discharged
after 21 days. On 12 February, the Chinese Center for Disease Control
and Prevention (China CDC) confirmed that the case-patient’s samples
were positive for avian influenza A(H7N4). The NHFPC confirmed the
diagnosis on 13 February 2018. The case-patient had reported a history
of exposure to live poultry before onset of symptoms.

Genetic sequencing of this A(H7N4) virus shows that all the virus
segments originated from avian influenza viruses. This virus is sensitive
to adamantanes and neuraminidase inhibitors based on genetic
sequencing.

Twenty-eight close contacts of the case-patient have been under medical
observation. Among close contacts, no abnormal findings have been
found and all throat swabs from her contacts have tested negative.

Public health response

The Chinese government conducted a risk assessment, and has
enhanced prevention and control measures, surveillance and
epidemiological investigations including contact tracing and laboratory
testing. Public risk communication and information sharing is ongoing.

WHO is in contact with national authorities and is following the event
closely. WHO is facilitating information-sharing with Member States and
is closely monitoring the situation, in line with the International Health
Regulations (2005).

WHO risk assessment

This is the first report of a human case of avian influenza A(H7N4)
infection globally and the case reported exposure to live backyard poultry
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before illness onset. Genetic analysis of this influenza A(H7N4) virus
indicates that it is of avian origin.

Close contacts of the case-patient tested negative for avian influenza A
(H7N4) and remained asymptomatic. Current evidence suggests that this
virus does not have the ability of sustained transmission to humans, thus
the likelihood of sustained human to human transmission is low. Any
animal influenza virus that develops the ability of human to human
transmission can theoretically cause a pandemic.

It is possible that additional human cases of avian influenza A(H7N4) will
be detected, however only one human case has been detected so far,
and information on the circulation of avian influenza A(H7N4) in birds is
not currently available. Further information needs to be gathered to
increase the confidence in this assessment.

WHO advice

The public should avoid contact with high-risk environments such as live
animal markets/farms and live poultry, or surfaces that might be
contaminated by poultry feces. Hand hygiene with frequent washing or
use of alcohol hand sanitizer is recommended. WHO does not
recommend any specific different measures for travellers.

WHO does not advise special screening at points of entry with regard to
this event, nor does it recommend that any travel or trade restrictions be
applied.

Related links

Fact sheet on avian influenza

More avian influenza outbreak
news

China country profile

Avian and other zoonotic influenza
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Outbreak of human malaria caused by Plasmodium simium in
the Atlantic Forest in Rio de Janeiro: a molecular
epidemiological investigation

Patricia Brasil*, Mariano Gustavo Zalis*, Anielle de Pina-Costa, Andre Machado Siqueira, Cesare Bianco Junior, Sidnei Silva,

André Luiz Lisboa Areas, Marcelo Pelajo-Machado, Denise Anete Madureira de Alvarenga, Ana Carolina Faria da Silva Santelli,

Hermano Gomes Albuquerque, Pedro Cravo, Filipe Vieira Santos de Abreu, Cassio Leonel Peterka, Graziela Maria Zanini, Martha Cecilia Sudrez Mutis,
Alcides Pissinatti, Ricardo Lourengo-de-Oliveira, Cristiana Ferreira Alves de Brito, Maria de Fatima Ferreira-da-Cruz, Richard Culleton,

Cldudio Tadeu Daniel-Ribeiro

Summary

Background Malaria was eliminated from southern and southeastern Brazil over 50 years ago. However, an increasing
number of autochthonous episodes attributed to Plasmodium vivax have recently been reported from the Atlantic
Forestregion of Rio de Janeiro state. As the P vivax-like non-human primate malaria parasite species Plasmodium simium
is locally enzootic, we performed a molecular epidemiological investigation to determine whether zoonotic malaria
transmission is occurring.

Methods We examined blood samples from patients presenting with signs or symptoms suggestive of malaria as well as
from local howler monkeys by microscopy and PCR. Samples were included from individuals if they had a history of
travel to or resided in areas within the Rio de Janeiro Atlantic Forest, but not if they had malaria prophylaxis, blood
transfusion or tissue or organ transplantation, or had travelled to known malaria endemic areas in the preceding year.
Additionally, we developed a molecular assay based on sequencing of the parasite mitochondrial genome to distinguish
between P vivax and P simium, and applied this assay to 33 cases from outbreaks that occurred in 2015, and 2016.

Findings A total of 49 autochthonous malaria cases were reported in 2015-16. Most patients were male, with a mean
age of 44 years (SD 14-6), and 82% lived in urban areas of Rio de Janeiro state and had visited the Atlantic Forest for
leisure or work-related activities. 33 cases were used for mitochondrial DNA sequencing. The assay was successfully
performed for 28 samples, and all were shown to be P simium, indicative of zoonotic transmission of this species to
human beings in this region. Sequencing of the whole mitochondrial genome of three of these cases showed that
P simium is most closely related to P vivax parasites from South America. The malaria outbreaks in this region were
caused by P simium, previously considered to be a monkey-specific malaria parasite, related to but distinct from
P vivax, and which has never conclusively been shown to infect people before.

Interpretation This unequivocal demonstration of zoonotic transmission, 50 years after the only previous report of
P simium in people, leads to the possibility that this parasite has always infected people in this region, but that it has
been consistently misdiagnosed as P vivax because of an absence of molecular typing techniques. Thorough screening
of local non-human primates and mosquitoes (Anopheline) is required to evaluate the extent of this newly recognised
zoonotic threat to public health and malaria elimination in Brazil.

Funding Fundagio Carlos Chagas Filho de Amparo a Pesquisa do Estado de Rio de Janeiro, The Brazilian National
Council for Scientific and Technological Development (CNPq), JSPS Grant-in-Aid for scientific research, Secretary for
Health Surveillance of the Brazilian Ministry of Health, Global Fund, Fundagao de amparo a pesquisa do estado de
Minas Gerais (Fapemig), and PRONEX Program of the CNPq.

Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 4.0
license.

Introduction

Zoonotic malaria occurs when people become infected
with malaria parasite species that more commonly infect
non-human primates. Species such as Plasmodium knowlesi
and Plasmodium cynomolgi, both parasites of macaque
monkeys (Macaca), can infect people via the bites of
infected mosquitoes under natural and experimental
conditions. P knowlesi is responsible for a high proportion

www.thelancet.com/lancetgh Vol 5 October 2017

of human malaria cases in Southeast Asia, mostly affecting
individuals living or working in close contact with forests.!
Zoonotic malaria poses a unique problem for malaria
control efforts and complicates the drive towards eventual
elimination of the disease; because of the nature of its
reservoir and transmission dynamics, the interruption of
its transmission might not be achievable with the available
tools in areas of high forest coverage.
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Research in context

Evidence before this study

Autochthonous malaria infections in people leaving near the
Atlantic Forest in Rio de Janeiro, Brazil, were diagnosed as
Plasmodium vivax, a human malaria parasite. The diagnosis of

P vivax was on the basis of the morphology of the parasites as
observed through microscopy of thin blood smears stained with
Giemsa'’s solution. As malaria was thought to have been
eliminated from this area over 50 years ago, it was uncertain
where and when this malaria parasite pool had emerged.

Cases have been increasing in the past 5 years.

Added value of this study
This study shows that these parasites are, in fact, not P vivax,
but rather P simium, a closely related parasite species whose

Once prevalent throughout the country, malaria
transmission in Brazil now occurs almost entirely within
the northern Amazon region. However, a consistent
number of autochthonous cases have been reported in
southern and southeastern regions of Brazil from where
human malaria was eliminated 50 years ago.” From 2006
to 2016, 1032 autochthonous cases (Ministry of Health
Brazil 2017) were reported at sites scattered along the
mountainous valleys covered by the Atlantic Forest in
these regions. The Atlantic Forest is rich in bromeliads
(Bromeliaceae), which provide a larval habitat for
Anopheles Kertezsia cruzii, a vector of both human and non-
human primate malaria parasites. Most of the malaria
cases reported in the Atlantic Forest have been attributed
to Plasmodium vivax and mainly occur among non-resident
visitors, without any identifiable index case that could have
introduced the parasite from a malaria endemic region.*

It has long been hypothesised that autochthonous
human malaria in the Atlantic Forest could be the result
of infection by non-human primate parasite species.* In
1966, Deane and colleagues’ proposed that monkeys
could serve as reservoirs of Plasmodium that could be
transmitted to people by A K cruzii, because this species
is known to bite both monkeys in the forest canopy and
people at ground level.

Two malaria parasite species are known to infect new
world monkeys (Ceboidea) in the Atlantic Forest of
Brazil: Plasmodium simium and Plasmodium brasilianum.®
These are similar at the morphological, genetic, and
immunological levels to P vivax and Plasmodium
malarige, respectively.® P simium has been observed to
naturally infect howler monkeys of the genera
Alouatta and Brachyteles, and capuchin monkeys of the
genera Cebus and Sapajus.” Despite the distribution of the
howler monkeys and capuchins across almost all biomes
in South and Central America, the distribution of
P simium is considered to be limited to the Atlantic Forest
of south and southeastern Brazil.’

Here we describe the parasitological and molecular
analyses of parasites causing autochthonous human
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natural hosts are non-human primates native to the Atlantic
Forest. This diagnosis was made by molecular investigation of
parasite DNA. Genotyping of malaria parasites from monkeys in
this region revealed that the same parasites are infecting both
monkeys and human beings in this area.

Implications of all the available evidence

Our study suggests that malaria transmission in the Atlantic
Forest region of Rio de Janeiro has a zoonotic component, with
parasites shared between human beings and monkeys. The
implications of this finding for malaria control and elimination
in this region are profound, as zoonotic reservoirs of disease are
difficult to target with interventions.

malaria in the Atlantic Forest region of Rio de Janeiro in
2015 and 2016, with the aim of determining whether
zoonotic malaria transmission occurs there.

Methods
Study area, population, and design
Rio de Janeiro state is located in southeast Brazil. It
consists of urban areas with high population densities,
mostly in the coastal lowlands, and mountainous areas
covered by the Atlantic Forest containing small cities and
settlements scattered in the valleys. Localities where
malaria cases have been reported are situated in valleys
between 280 m and 1300 m above sea level.®

We performed an epidemiological investigation to
characterise the possible location of infection, by
classifying each episode as autochthonous or imported.
The cases considered here are from patients who
attended the Instituto Nacional de Infectologia Evandro
Chagas (INI), a reference centre for the diagnosis and
treatment of infectious diseases at the Fundag¢do Oswaldo
Cruz (Fiocruz), in Rio de Janeiro, Brazil. Blood samples
from patients with acute fever symptoms were collected
from the Acute Febrile Illness Outpatient Clinic in INIL.
The INI-Fiocruz Ethical Board approved the study
(number 0062.0.009.000-11). All participants provided
informed written consent.

Procedures

Individuals were recruited upon presentation of signs or
symptoms suggestive of malaria, a history of travel to or
habitation in areas within the Rio de Janeiro Atlantic
Forest, and a positive test by thick blood smear or PCR,
or both. Individuals were excluded if they had malaria
prophylaxis, blood transfusion or tissue or organ
transplantation, used intravenous drugs, had a
needlestick injury, resided or undertook recreation near
ports or airports, or travelled to known malaria endemic
areas in the preceding year. Following informed consent,
venous blood was drawn for clinical laboratory analyses
and molecular studies. Additional tests, such as blood

www.thelancet.com/lancetgh Vol 5 October 2017


www.saude.gov.br/malaria

Articles

culture, viral serology and G6PD deficiency, were done
for all patients at the attending physician’s discretion.

Diagnosis by microscopy

Giemsa’s solution-stained thin and thick blood smears
were examined by bright-field microscopy, with a
100x/1-3 numerical aperture oil immersion objective
lens for species identification and parasite density
estimations. Blood films were examined for a minimum
0f100 fields in the case of the presence of malaria parasites
and 500 fields when no parasites could be detected.
Parasite numbers were recorded per 200 white blood
cells, or 500 white blood cells in the case of low
parasitaemia. To estimate parasite density, a standard
mean white blood cell count of 6000 white blood cells
per pL of blood was assumed. All slides were subsequently
examined by an independent Pan American Health
Organization or WHO accredited malaria microscopist.

DNA extraction and P vivax species-specific PCR

DNA was extracted from whole blood with the QIAamp
midi kit (Qiagen, Hilden, Germany), according to the
manufacturer’s protocol. DNA samples were tested for
P vivax by conventional and real-time PCR (rtPCR), both
using the cysteine proteinase gene (GenBank number
L26362) as a target.’” For rtPCR, 2.5 pL of DNA were
added to a 47-5 pL mixture containing the 1x TagMan
Universal PCR Master Mix (Applied Biosystems, Carlsbad,
CA, USA), 300 nM of primer Pvl (5’ATCAACGAGCAG
ATGGAGAAATATA3'), 300 nM of primer Pv5 (5'GCT
CTCGAAATCTTTCTTCGA3'), and 150 nM of PVIV
probe (5 FAM AACTTCAAAATGAATTATCTC MGB
NFQ 3') (Applied Biosystems). Amplification conditions
involved two holds (50°C for 2 min and 95°C for 10 min)
followed by 40 cycles of amplification (95°C for 15 s and
60°C for 1 min). The rtPCR was run at least in duplicate
on the ABI PRISM Sequence Detection System 7500
(Applied Biosystems). The results were analysed using
ABI Prism 7500, software version 1.1 RQ Study. TagMan
RNaseP Control 20x was used as an endogenous reaction
control. To avoid DNA contamination, we used separated
workstations for mix preparation and DNA extraction
and we applied DNA Away for surface decontamination.
Positive (DNA extracted from blood from patients with
known P vivax infection) and negative (no DNA and
DNA extracted from individuals who have never travelled
to malaria-endemic areas) controls were used in each
round of amplification. This PCR does not discriminate
between P vivax and P simium.

Non-human primate samples

DNA was extracted from samples obtained from four
howler monkeys from different sites and times in
southeastern Brazil (MB CPR] from Guapimirim in
December, 2013; R] 30 from Vale das Princesas, Miguel
Pereira on March 21, 2016; R] 59 from Macaé on Sept 22,
2016; and ATCC from S3o Paulo in 1966).

www.thelancet.com/lancetgh Vol 5 October 2017

DNA extracted from the spleen and liver of one brown
howler monkey (Alouatta guariba clamitans), found dead
in Guapimirim (one of the municipalities where human
malaria occurs in the Atlantic Forest of Rio de Janeiro),
was used for Plasmodium species detection by nested-
PCR.” Samples from both organs were positive for
Pvivax or P simium DNA, according to our PCR method.’

DNA was also extracted from the blood of two
A g clamitans; one was captured at Vale das Princesas,
Miguel Pereira (a site where human malaria cases have
also been reported in Rio de Janeiro) in 2016, and tested
positive by PCR analysis for both P vivax or P simium and
P brasilianum or P malariae, and the other was from Macaé
(another locality in Rio de Janeiro with human malaria
cases), and was positive for P vivax or P simium.
Additionally, a P simium reference sample (American
Type Culture Collection [ATCC] 30130), derived from a
howler monkey (Alouatta fusca clamitans) captured in Sdo
Paulo, southeast Brazil, in 1966, was also used. The DNA
extracted from these four monkey samples also
underwent mitochondrial genome analysis.

Molecular phylogenetic analysis of P simium infections

Among samples derived from 39 individuals presenting
at INI, 33 were subjected to parasite mitochondrial
genome sequencing (20 from 2015 and 13 from 2016):
30 had partial analysis and three full-length mitochondrial
genome sequencing. Samples from two monkeys
collected from the Atlantic Forest of Rio de Janeiro and
one ATCC P simium reference sample were also subjected
to malaria parasite mitochondrial genome sequencing.

Because of the low amount of high-quality parasite
DNA, full-length mitochondrial genome sequence was
obtained for only four samples (three cases: AF 1, AF 2,
and AF 3 and the ATCC reference sample), following the
method reported by Culleton and colleagues,” and was
compared with 794 P vivax mitochondrial genome
sequences and three sequences of P simium (accession
numbers AY800110, NC_007233 and AY722798, all of
which have identical sequences) deposited in Genbank."”
Using these sequences, a median-joining haplotype
network was produced with NETWORK 4.5.0, as
previously described.”

The mitochondrial genome of the remaining
30 samples was partially sequenced to distinguish
P simium from P vivax. P simium differs from the most
closely related P vivax isolate at two unique single-
nucleotide polymorphisms (SNPs) in the mitochondrial
genome, at positions 3535 (T—C) and 3869 (A—>G),
numbered according to the nucleotide sequences
deposited by Culleton and colleagues.” These two SNPs
are close together, and can be PCR amplified and
sequenced with a single set of primers, or with a nested
PCR if DNA concentrations are low. Primer pairs
for the outer PCR were PsimOUTF 5'CAGGTGGTG
TTTTAATGTTATTATCAG3' and PsimOUTR 5'GCATAG
GTAAGAATGTTAATACAACTCC3', whereas inner
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Figure 1: Historical series of autochthonous malaria cases in the state of Rio de Janeiro, Brazil, from
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malaria cases from 2006 to 2016. In 2015-16, the number of cases exceeding

the 75th percentile of maximum expected cases increased sharply, configuring an outbreak.

See Online for appendix
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PCR primers were PsimINF 5'GCTGGAGATCCTATT
TTATATCAAC3' and PsimINR 5’ATGTAAACAATCCAA
TAATTGCACC3'.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Results

Between 2006 and 2014, 43 autochthonous malaria cases
were reported in the Atlantic Forest in the state of
Rio de Janeiro, an average of 4-8 cases per year (SD 2-8),
with an unexpected increase in the number of cases
occurring during outbreaks in 2015 (n=33) and 2016
(n=16; figure 1). In 2015, 25 (76%) of the 33 cases were
followed and processed at Fiocruz. In 2016 (until Oct 31),
14 of 16 (88%) cases were also investigated at Fiocruz,
with a total of 39 (80%) of the 49 cases reported in the
state.

Patients followed up at Fiocruz had a mean age of
44 years (SD 14- 6) and median age of 50 years (range 7-82;
table). Most patients were male (79%; table) and
inhabitants of urban areas of Rio de Janeiro state (82%),
who visited areas of the Atlantic Forest for leisure or
work-related activities, spending a median of 5 days
(range 1-30) in vegetation-dense areas and its close
surroundings. Transmission occurred either in people
who entered regions of dense vegetation coverage or in
people who lived in rural areas with low-population
density in mountain valleys (figure 2). The presence of
monkeys was regularly reported in the neighbouring
forest by the inhabitants of all areas.

Case clustering occurred only when individuals travelled
together and developed symptoms in the same incubation
period. Fever was the main symptom and was present in
all malaria cases. Periodic tertian fever was observed in 35
cases (90%). No patient was admitted to hospital and all
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made full recoveries with complete cessation of symptoms
following treatment. It was the first malaria episode for all
patients and only one patient was G6PD deficient.

In 37 cases (95%) a diagnosis of P vivax was made by
microscopy. The highest parasitaemia was 3000 parasites
per pL of blood and, in more than 67% of the cases, it
was lower than 500 parasites per pL. Two patients had
negative tests for the presence of parasites by microscopy.
A PCR for P vivax-species detection, which does not
discriminate between P vivax and P simium, suggested
the presence of P vivax in 38 patients (97%).

When compared with P vivax from the malaria
endemic Amazonian regions, parasites from the Atlantic
Forest diagnosed as P vivax were morphologically
different (appendix). Trophozoites were pleomorphic but
less amoeboid than those observed in P vivax (appendix).
They had a large mass of chromatin and a more compact
cytoplasm with malaria pigment (appendix). Usually
stippling was mostly observed in infected cells with late
developmental forms, but erythrocytes containing early
trophozoites were also frequently stippled (figure 3A-F).
Furthermore, developing schizonts contained fewer
merozoites than in P vivax (figure 3G-L). The highest
number of merozoites in mature schizonts was 14
(figure 3M). Gametocytes were round with compact
cytoplasm and marked pigmentation (figure 3N-P).

Non-infected erythrocytes showed marked anisocytosis
and poikilocytosis (figure 3). Poikilocytosis was
represented mainly by acanthocytes, dacrocytes, and
spherocytes, which occurred together on the same
preparations (figure 3).

Analysis of the four usable mitochondrial genome
samples from the 33 human cases used for DNA
sequencing revealed that they shared identical sequences,
and these were in turn identical to the mitochondrial
genome sequence of P simium deposited at Genbank,
which differs from the most closely related isolates of
P vivax by two SNPs. Analysis of 794 fulllength
mitochondrial genome sequences from globally acquired
P vivax samples showed that these SNPs were unique to
P simium. A haplotype network tree (appendix) was
constructed using these sequences, and shows that
P simium is most closely related to the P vivax parasites
of human beings isolated from South America.

On the basis of two informative SNPs that differentiate
P vivax from P simium, we were able to diagnose an
infection of P simium in 28 of 33 samples typed for their
species (table). We were unable to achieve PCR
amplification for the remaining five samples, because of
technical constraints. The same informative SNPs were
found in P simium infecting three local howler monkeys,
MB CPR], R] 30, and R J59 (table).

Discussion

The results of our study have important implications for
public health and for the malaria elimination agenda.
To our knowledge, this is the first demonstration of
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P simium naturally infecting human beings in forest
locations in a region considered to have eliminated
transmission of malaria at least 50 years ago. The
sudden increase in malaria cases in the past 2 years in

that area is associated with the Atlantic Forest of
Rio de Janeiro. No major environmental modifications
appear to have occurred that might have modified the
behaviour of Anopheles spp or monkeys during this

Sample Age Sex Main activity ~ Visitoror Entryinto Timebetween Triadof Highest Parasites  Plasmodium
collection (years) developed in resident  Atlantic onset of malaria*  axillar density simium
(year) the area Forestarea symptoms temperature (mm®/pL) SNPst
and diagnosis (°Q)
(days)
Human samples
AF1 2015 34 Male Photographer Visitor Yes 11 Yes 39.5 920 Yest
AF2 2015 58 Male Engineering Visitor No 12 Yes 386 560 Yest
AF3 2015 50 Male Geologist Visitor Yes 14 Yes 388 112 Yest
AF4 2015 27 Male Ecotourism Visitor Yes 15 Yes 381 1200 Yes
AF5 2015 26 Male Ecotourism Visitor Yes 14 Yes 390 64 Yes
AF 6 2015 51 Male Inhabitant Resident  Yes 14 No 385 480 Yes
AF7 2015 40 Male Ecotourism Visitor Yes 13 Yes 395 800 Yes
AF 8 2015 52 Male Ecotourism Visitor Yes 10 Yes 39-8 416 Yes
AF9 2015 29 Male Ecotourism Resident  Yes 6 Yes 380 64 Yes
AF 10 2015 35 Male  Architecture Visitor Yes 16 Yes 39-0 576 Yes
AF11 2015 52 Female Ecotourism Visitor Yes 12 Yes 388 320 Yes
AF12 2015 48 Male Inhabitant Visitor No 9 Yes NA 208 Yes
AF13 2015 52 Male Forestal Garden  Resident  Yes 12 Yes 40-0 624 Yes
AF 14 2015 26 Male Ecotourism Visitor Yes 13 Yes 40-0 128 Not
determined§
AF 15 2015 44 Male Ecotourism Visitor Yes 39 Yes 390 1296 Yes
AF 16 2015 59 Male Ecotourism Visitor Yes 20 Yes 40-0 336 Yes
AF17 2015 54 Male Ecotourism Visitor Yes 6 Yes 39-8 96 Not
determined§
AF18 2015 39 Male Ecotourism Visitor Yes 3 No 38.0 112 Yes
AF 19 2015 56 Male Ecotourism Visitor Yes 16 Yes 39-0 480 Yes
AF 20 2015 22 Male Engineering Visitor No NA No 395 80 Not
determined§
AF 21 2016 82 Female Tourism Visitor No 13 Yes NA 3000 Yes
AF 22 2016 40 Male Ecotourism Resident  Yes 10 Yes 390 48 Yes
AF23 2016 35 Female Inhabitant Resident  No 12 Yes 39-0 Negative  Yes
AF 24 2016 50 Male Ecotourism Visitor Yes 14 Yes NA 80 Yes
AF 25 2016 26 Male Ecotourism Visitor Yes 9 Yes 385 672 Yes
AF 26 2016 55 Male Ecotourism Visitor Yes 14 No 390 1160 Yes
AF 27 2016 54 Female Ecotourism Visitor Yes 18 Yes 40-0 2600 Yes
AF 28 2016 54 Male Ecotourism Visitor Yes 3 No 385 592 Yes
AF 29 2016 51 Female Ecotourism Resident  Yes 11 Yes 380 416 Not
determined§
AF 30 2016 52 Male Ecotourism Visitor Yes 16 Yes 419 384 Yes
AF 31 2016 54 Female Ecotourism Visitor Yes 10 Yes NA 80 Yes
AF 32 2016 72 Female Ecotourism Visitor Yes 13 Yes 390 704 Yes
AF33 2016 53 Male Ecotourism Visitor Yes NA Yes NA 144 Not
determined§
AF 34 2015 39 Female Ecotourism Visitor Yes 13 No NA 48 Not done
AF 35 2015 7 Male Tourism Visitor No 12 Yes 397 48 Not done
AF 36 2015 47 Male Ecotourism Visitor Yes 18 No 385 122 Not done
AF 37 2015 53 Male Ecotourism Visitor Yes 21 Yes 397 80 Not done
AF38 2015 22 Male  Gardener Resident  Yes 9 Yes NA Negative ~ Notdone
AF39 2016 42 Male Ecotourism Visitor Yes 20 Yes 390 256 Not done
(Table continues on next page)
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Sample Age Sex Main activity ~ Visitoror Entryinto Timebetween Triadof Highest Parasites  Plasmodium
collection (years) developed in resident  Atlantic onset of malaria*  axillar density simium
(year) thearea Forestarea symptoms temperature (mm®/pL) SNPst
and diagnosis (°C)
(days)
(Table continued from previous page)
Non-human primates
ATCC 1966 .. . . . . . . . Yest
30130
MB 2013 . . . . . . . . . Yes
CPR)
RI 30 2016 L. . . . . . . . Yes
RJ 59 2016 . . . . . . . . . Yes

SNP=single-nucleotide polymorphisms. NA=not available. ATCC=American Type Culture Collection. *Fever, chills or rigors, and sweating. tSNPs identified by partial
mitochondrial genome sequencing. SNPs identified by whole mitochondrial genome sequencing. SUnable to achieve PCR amplification because of technical constraints.

Table: Clinical, epidemiological, and parasitological characteristics of studied samples and identification of Plasmodium simium SNPs through whole or
partial mitochondrial genome sequencing

Malaria cases (2015-16)

o: o: @ @:

@ Monkeys found infected

| |
44°0'0"W 42°0'0"W

[ Rio de Janeiro state
I Atlantic Forest
[ Rio de Janeiro munincipality

Espirito Santo state

Rio de Janeiro
state

Minas Gerais state

22°0'0"S
|

Séo Paulo state

240
f‘km

44°0|'0"W 42°0|’0"W

Figure 2: Map of the Rio de Janeiro state, Brazil, showing the Atlantic Forest and indicating where human malaria cases of simian origin and monkeys infected
with Plasmodium simium have been detected

Human cases are represented by red spots of different sizes (symbolising one to eight cases), and the three captured, infected, wild howler monkeys are shown as blue
spots. The extension of the area covered by the Atlantic Forest vegetation is indicated in green. All cases were reported in forest fragments located in Serra do Mar,

and monkeys carrying P simium were found in the vicinity of each area. The municipality of Rio de Janeiro, delimitated with the red bold line, is free of malaria transmission.

urbanisation, most of Brazil remains forested, with
many human populations living in close contact with
forests. The 2017 outbreak of sylvatic yellow fever in
southeastern Brazil, a well established zoonosis that

time. However, the recent rise of ecotourism and the so-
called back to nature movement might increase the
opportunities for vector sharing between monkeys and
human beings in this region. Despite increasing
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Figure 3: Giemsa's solution-stained preparations of blood samples from human beings naturally infected with Plasmodium simium in Rio de Janeiro state, Brazil
All preparations are thin blood films, except A (thick blood smear). (A) Early trophozoite. (B-F) Pleomorphic developing trophozoites. (G-L) Immature schizonts.
(M) Mature schizont. (N-P) Gametocytes.

-

|

affected at least five Brazilian states, should raise environmental and demographic characteristics in
concern for the possibility of the extension of occurrence  which both infections occur.® Further research is
of zoonotic malaria, because of the resemblance of the needed to elucidate these aspects.
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P simium, a tertian malaria parasite found in New
World non-human primates was first identified in 1951
in a monkey from the state of S3o Paulo and appears to
be restricted to the Atlantic Forest regions of southern
and southeastern Brazil.*** Fonseca (1951)," Garnham
(1966),” and Deane and colleagues (1966)* highlighted
the morphological differences between P vivax and
P simium; the trophozoites of P simium being less
amoeboid and with coarser and more precocious and
very prominent Schiiffner’s dots than P vivax. Garnham
(1966)* reported that the detection of stippling in
P simium early parasitised cells depends on the staining
procedures. These morphological characteristics of
P simium are consistent with those described here for the
infections of human beings from the Atlantic Forest.

Although the initial diagnoses for these infections was
P vivax, molecular evidence has revealed that these
parasites are P simium. This misdiagnosis of a zoonotic
non-human primate malaria parasite as a human
parasite species has precedent and parallels the discovery
of the large focus of P knowlesi in Borneo, which was
initially attributed to P malarige on the basis of
morphological characteristics.”

Despite the apparent genetic similarity of P simium to
P vivax, attempts at inducing infections of P simium in
human beings under laboratory conditions have been
unsuccessful.* In 1966, however, Deane and colleagues®
described the infection of a man with a P vivax-like
parasite that they considered to be P simium on the basis
of morphological characteristics of the parasite and
because infection had occurred in a forest reserve outside
Sao Paulo, where P simium was known to be transmitted.
This infection remains the only previous case report of a
possible human infection with P simium.

The clinical and parasitological features of our cases
reveal that the pyrogenic threshold of P simium infection
is considerably low. Whether this low fever threshold is
related to the naive status of the individuals or specific
parasitic-associated characteristics (eg, GC-content and
other inflaimmatory factors) are yet to be better
investigated.*

Patients who were naturally infected with P simium
reported clinical symptoms congruent to symptoms of
P vivax malaria, and responded successfully to
chloroquine and primaquine, with no hospital
admission, relapses, or deaths. It is not known whether
P simium is capable of producing hypnozoites in
human beings and, thus, relapses, as does P vivax.
However, one patient (AF 3) who was treated solely
with chloroquine because of G6PD deficiency and one
other patient (AF 21) who discontinued primaquine
treatment due to adverse events did not present any
symptomatic relapse and were always negative for
Plasmodium in all parasitological and molecular tests
done during 18 months’ follow-up. Further studies will
be required to establish if P simium is capable of

producing hypnozoites.

Whether this parasite can be transmitted from person
to person is not known. All patients who presented with
disease had entered the forest or visited the forest
surroundings inhabited by howler monkeys, the main
host of P simium. Case clustering occurred only when
patients had entered such regions together, and in these
cases the same time to onset of disease symptoms was
observed. Although gametocytes were detected in blood
smears of P simium-infected individuals in the present
study, the infectivity of human infections of P simium
mosquitoes is yet to be determined. Vector competence
of primatophilic mosquitoes other than A K cruzii for
P simium has not been studied and is a subject that needs
to be urgently addressed.

Thorough screening of a large number of the local non-
human primate and mosquito (Anopheline) populations
in this area is required to evaluate the extent of this newly
recognised zoonotic threat to public health. Moreover,
one limitation of this study is the inclusion of samples
from only one state covered by the Atlantic Forest. The
analysis of both human and non-human primate samples
from other areas that have been collected at different
times will clarify whether the SNPs used to distinguish
P vivax from P simium are specific to this region and this
specific timeframe. However, the ATCC monkey sample
was collected in a different region and time (50 years
before) and it contains the same P simium-specific SNPs
observed in the Rio de Janeiro Atlantic Forest. The small
number of sequences from P simium hampers further
analysis, and precludes drawing any conclusions
regarding the evolution, natural history, and species
status of this parasite.

This unequivocal demonstration of zoonotic
P simium transmission leads to the possibility that this
parasite, consistently misdiagnosed as P vivax because
of an absence of molecular typing techniques, has
always infected human beings in this region.
Alternatively, it might be the case that P simium has
only recently acquired the ability to frequently infect
human beings, and this scenario has extremely
important implications in terms of parasite-host
relationships and evolution.

In summary, we report that the malaria outbreaks in
2015 and 2016 in the Atlantic Forest of southeastern
Brazil were caused by P simium, previously considered
to be a monkey-specific species of malaria parasite that
is related to but distinct from P vivax, and which has
never conclusively been shown to infect human beings
before. Such zoonotic transmission of a malaria parasite
from a monkey reservoir to human beings has
immediate consequences for public health in this
region, and for future attempts to control and eventually
eliminate malaria in Brazil. Thorough screening of the
local non-human primate and mosquito (Anopheline)
populations in this area is required to evaluate the
extent of this newly recognised zoonotic threat to public
health.
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platelets demonstrate a low rate of acute adverse transfusions reactions and
reveal a safety profile similar to conventional platelet components.

Clinical Oral Abstract Session: Transfusion Transmitted Diseases --
Bacteria and Parasites

C90-A04C

Bacterial Screening of Apheresis Platelets with a Rapid Test- an
8 Year Single Center Experience

Nancy M. Dunbar* and Zbigniew M. Szczepiorkowski. Dartmouth-
Hitchcock Medical Center

Background/Case Studies: The residual risk of bacterial contamination of
single-donor apheresis platelets (AP) was recently addressed by the March
2016 FDA draft guidance to enhance the safety of platelet transfusion. This
document also describes an existing pathway for AP outdate extension from
5 to 7 days using an FDA cleared rapid test (RT). Our hospital based transfu-
sion service has used this RT to enhance the safety of AP transfusion since
July 2008 and to routinely extend AP outdate to day 7 since February 2016.
This study reports a 103 month experience of secondary screening of AP
using a RT.

Study Design/Methods: All AP were obtained from our hospital-based
donor center or one of four external suppliers. AP were screened by culture
based methods post-collection and prior to entry into our inventory. From
July 2008-January 2016, AP underwent RT on day 4. Day 6 and 7 units were
transfused with physician approval when deemed medically necessary. Any
units remaining in inventory on Day 8 had a second RT performed. From
February 2016-January 2017, AP underwent RT on day 5 with routine out-
date extension to 7 days by performing a second RT on day 6 and a third RT
on day 7, as per manufacturer instructions. Any positive RTs were repeated
in triplicate. Repeat RT positive units were quarantined and cultured to iden-
tify true positives. False positives (FP) were defined as repeat RT negative
(type 1) or repeat RT positive with negative confirmatory culture (type 2). All
RT results were reviewed during both study periods. AP transfusion and out-
date rates were also summarized.

Results/Findings: Since July 2008, 20,010 AP were entered into inventory.
Of these, 11,840 (59%) were transfused prior to RT testing. The remaining
8170 (41%) underwent RT on day 4 or day 5. Of these 43 (0.5%) were RT
positive (29 type 1 FP, returned to inventory; 14 type 2 FP, discarded), leav-
ing a total available inventory of 8156 units tested by RT. Of these, 5631
(28% of original inventory) were transfused before the end of day 5 and the
remaining 2525 (13% of original inventory) reached a day 5 outdate. A total
of 1561 (8% of original inventory) were transfused on day 6 or day 7. Of
these, 768 underwent a second RT on day 6 (2 RT positives; 1 FP type one
and 1 FP type 2) and 233 underwent a third RT on day 7 (no positive results).
A total of 964 (5% of original inventory) outdated on day 7. Of these, 754
underwent a second RT on day 8 (no positive results).

Conclusion: To date we have performed 9925 RTs on AP at our hospital.
No true positives have been identified. Use of RT over the study period
decreased our outdate rate from a predicted 13% to only 5%. A total of 1522
AP have been tested twice by RT (768 on day 5 and 6; 754 on day 4 and 8)
with 2 (0.1%) positive results, both of which were deemed FP by repeat test-
ing or culture. A total of 233 units have been tested 3 times (day 5, day 6
and day 7) with no additional positives identified. We have not yet identified
any units with an initial negative RT result that subsequently converted to a
true positive. There is a low FP rate which should also be expected when
performing repeat testing on the same unit. These data suggest that the
yield for repeating the RT every 24 hours, as currently specified by the manu-
facturer instructions, is quite low. Additional studies are needed to clarify
how RT can optimally be used to enhance detection of AP bacterial
contamination.

JC91-AO4C

Survival of Trypanosoma Cruzi in Human Blood Components
Laura Tonnetti*, Aaron Thorp and Susan L Stramer. American Red Cross

Background/Case Studies: Trypanosoma cruzi, the agent of Chagas dis-
ease, is associated with 8 to 10 million infections worldwide, mostly in Latin
America. Despite the extensive immigration from endemic areas, only 5
cases of transfusion-transmission (TT) T. cruzi have been reported in the
US, before blood donor screening was implemented in 2007. Contributing
factors to the low number of TT cases are a possible association between
parasite lineage and TT, and high numbers of unreported cases. Platelets
are almost exclusively involved in T. cruzi TT cases; however, during prepa-
ration of components a large fraction of the parasites can be found in red

ABSTRACT 61A

blood cells (RBCs). We investigated if blood component preparation and
storage time affect the survival of the parasite and thus play a role in TTof T.
cruzi.

Study Design/Method: Whole blood (WB) units were spiked with T. cruzi
trypomastigotes to a final concentration between 10-10,000 parasites/mL.
Each parasite concentration in WB was tested x2. An aliquot of contami-
nated WB was used to prepare hemocultures to detect live parasites before
preparation of components. RBCs were separated and half of the compo-
nents leukoreduced (LR) by filtration. Platelets and plasma were separated,
along with one aliquot of plasma collected before LR. RBCs were stored at
4°C for up to 42 days; platelets were stored at 22°C (RT) under agitation for
5 days and plasma was frozen at -20°C. Aliquots for culture were removed
weekly from RBCs, daily from platelets and after 30 days from frozen
plasma. All samples were cultured in Liver Infusion Tryptose (LIT) media at
27°C for detection of live parasites for up to 16 weeks.

Results/Finding: Hemocultures from spiked-WB were positive at all con-
centration of parasites. LR'd and non-LR'd RBCs cultured before storage
were positive at all concentrations. After storage at 4°C, RBCs from all units
spiked with 10,000 parasites/mL were positive for up to 21 days; all further
times yielded negative results. At lower concentrations, only non-LR’d RBCs
spiked with 1000 parasites/mL were positive for up to 7 days. Plasma sam-
ples cultured before freezing were positive at the highest concentration in
one non-LR’'d sample, while all others were negative. Platelets obtained
from WB spiked with 10,000 and 1000 parasites/mL were positive up to 5
days at RT. No parasites were observed in plasma or platelets prior to stor-
age at lower concentrations. Molecular analysis to determine the presence
of parasite DNA in each component is on-going.

Conclusion: Platelet storage conditions offer a suitable environment for T.
cruzi survival; however, high concentrations of parasites also survived in
RBCs at 4°C for up to 3 weeks. Leukoreduction offers partial protection,
while freezing conditions appears unsuitable for T. cruzi survival.

C92-A04C

Hemovigilance Monitoring of Platelet Septic Transfusion Reactions
(STR) after Treatment with INTERCEPT™ Pathogen Reduction or
Large Volume, Delayed Bact/ALERT™ Bacterial Culture Screening
Richard Benjamin*!, Marion Lanteri? and Larry Corash'. "Cerus
Corporation, 2Scientific Affairs Department, Cerus Corporation

Background/Case Studies: Amotosalen/ultraviolet A (UVA) light (INTER-
CEPT™ Blood System, Cerus Corporation) pathogen reduction (PR) and
delayed, large volume, bacterial culture with the BacT/ALERT™ System
(DLVBC) (BioMerieux, Inc) represent respective best-in-class systems to
reduce the risk of STR associated with platelet concentrates (PC). Where
implemented, hemoviligance (HV) programs continue to receive reports of
suspected STR, most of which have low imputability as other causes are
more likely or insufficient information is available to impute system failure.
Study Design/Methods: United Kingdom (2006-2015), French (2006 -
2015), Swiss (2011 - 2015), and Belgium(2009 -2015) HV reports, and
Cerus Corporation’s adverse event records were reviewed to assess the
residual risk and imputability of STR with amotosalen/UVA-treated or
DLVBC-screened PC.

Results/Findings: Approximately 1.35 million DLVBC-screened were
issued with a 7 day outdate after release into inventory 3 days after collec-
tion, and ~2.3 million amotosalen/UVA-treated PC were released into inven-
tory on day 1 or 2, with a 5 to 7 day shelf-life. No septic fatalities were
reported with either technology. The French, Belgium and Swiss HV pro-
grams monitored >2.83 million conventional, non-DLVBC-screened PC and
recorded 58 STR and 9 fatalities. Concurrently, zero definite and 2 possible
STR were reported with 607,871 amotosalen/UVA-treated PC, significantly
fewer than with conventional PC (Table 1) (20.5 STR per million vs. 0.0 per
million, P<0.001). One definite, 1 possible, 7 undetermined/indeterminate
non-fatal STR and 5 contaminated “near miss” PC were reported with 1.35
million DLVBC-screened PC between 2010 and 2015, for a reduced false-
negative rate compared with the prior five years (3.7 STR per million vs.
16.3 per million, P <0.05). HV programs highlight a major weakness when
reporting STR. Stringent criteria are used to determine definite imputability,
including evidence of patient infection, PC contamination and irrefutable evi-
dence of a donor source, with confirmation of strain identity. Reports with
incomplete investigations are considered undetermined or indeterminate, or
possible sepsis. Some of these cases are almost certainly due to bacterial
contamination of PC, suggesting that the actual rates of sepsis are consider-
ably higher than that reported by HV programs.

Conclusion: Best-in-class pathogen reduction and bacterial culture sys-
tems reduce STR risk, although underreporting and inadequate clinical data
may result in underestimation of the true rates. Pathogen reduction of

- 78-


s-ikeda.ne
スタンプ


bl

REENRBE HAERSS

SRAEMREEEES  |KK-JBPO-K20180002 XRRID 28003547
HEHEDER Detection of prions in the plasma of presymptomatic and symptomatic patients with variant Creutzfeldt—-Jakob disease

TEBREDHE

BETENDER

VCJIDSEAERT R UME R BE D MIER T A DR

FERERIOA(YTTILE- T (vCID) (&, 4EHIRINE (BSE) 25| ERITHRERICI o TERSN ARG OHEISERT S T)AY
ATHD, BMICEYRREGELBIBENT YT OFEEIFT DAUIEZ T D, EREVCIDEF ERER TV TEADMKERY
== T 7oA DRKIZBHETH D, BRIETFVREAFY RDOVCIDEFINSDMEDRET )AL EL 1 0ETTLNEILLARILTRE
F5. TSRI/FVE—XF v TFr—EPMCARTE A B OB TV EAERTT 5. COT7 vt (& BLEBELTVE220EN TS5/
URENT-256 D MY TILMS18 ADVCIDEE DR EE AT HEL LTz, BEE (F100% (95%C1:81.5-100%) . S} HTHFEE(£99.2% (95%C1:95.9—
100%) . SZ T4 R (£100% (95%C1:96.5-100%) T&Hof=o DTVt A dFE =, #%ICVCIDEREL 22 ADBRME 12351+ HEGERAIFAERT1.3—2.6
FHOTVA L OBENBREOREE AL LTz, CNODT—AIMHKEE ALV =vCIDZEITAREL T, PMCART D /3 F—avIC@IT T
EERRTYITHY. Bl LDVCIDIIBY RVEHIRT 51-0(CH B LU DRAERMDE DA REMEERT,

MIES E R H TR RALEVCIDIRIBY RVERLCIIHRTERN =0, BEDRICIZBE~DHEAM
BETHDHEH200345 A oifft XEICEMLTLVD, 2009427170 . ZEREREFHPA)IE
VCJIDITRF LM EFDMEMNEFNDIRM,SHESN - FIRAFRH DX SRROH D MKE
BE—EHND. VCIDERET)AVEANRBEINI-ERRLEA, BEEO R NERRETHHA
ARUKRETIE, BRMHEEDH DMK () MAFLEE—EOEETRIIL TN D, F-, EREES
#B(OE) &Y., BARUVKEIZMEHR TESBSEYRVIDEICRESN-IEMDDE, RBMIEHIC
EERITYAVEAMNEATDIRVIT1999FLURDEE LR TEDH TENEEZ S, HH. Ty
RESNDTILYNAR—IRENR—F UV URITONTIZEHMZE N L TELLEVIEARIESA TN,
CUDIFIBIBICL > TREMMNRLDIEAMONTEY ., k- B, MELLICRER T4V EBEN
EWMENDsCIDIE, vCIDEIZRGY  MiKENLIBEETTREFTNETOLIALLD, Z0#
ERRTREME RE T DB ELH D0, SHEECIDDERITOVTILEEFFROUNE. BERIHD

°

SROR W

TRMSEZESE

AREFAFIOREMICHEEEALNEEZDOT, BROBEIZELAL,

ﬁ%kl:cﬁkml"j:/'jnjl) IH5%8%:¥0.5¢/10mLD R HL

Y o

2. BEEGERMER

(&

1B
DBAEETICAFDZRSICKYERR IOV T)Lh-FO
795 (vCJD) EMRIEL =L DR E (EHL, L LA, &
EIRICBVTEETVAVEERELBILEOBENHDE
DO, BHRHEVCIDEDGEDY RV ETLICITHBRTE
HODT, BEOBICIEBE~DHRBETSTL ARL
DLEHETIREDLRETSHLE,

(6= -9)
| BROREREELERTHEEE. V—rEAE—LTANT BT,

- [9-



SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

PRION DISEASES

Detection of prions in the plasma of
presymptomatic and symptomatic patients
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with variant Creutzfeldt-Jakob disease

Daisy Bougard,"* Jean-Philippe Brandel,>** Maxime Bélondrade," Vincent Béringue,’
Christiane Segarra,’ Hervé Fleury,® Jean-Louis Laplanche,*” Charly Mayran,' Simon Nicot,’
Alison Green,® Arlette Welaratne,® David Narbey,” Chantal Fournier-Wirth," Richard Knight,®
Robert Will,® Pierre Tiberghien,”'® Stéphane Haik,>** Joliette Coste'**

Variant Creutzfeldt-Jakob disease (vCJD) is a human prion disease resulting from the consumption of meat
products contaminated by the agent causing bovine spongiform encephalopathy. Evidence supporting the
presence of a population of silent carriers that can potentially transmit the disease through blood transfusion
is increasing. The development of a blood-screening assay for both symptomatic vCJD patients and asymptomatic
carriers is urgently required. We show that a diagnostic assay combining plasminogen-bead capture and pro-
tein misfolding cyclic amplification (PMCA) technologies consistently detected minute amounts of abnormal
prion protein from French and British vCJD cases in the required femtomolar range. This assay allowed the
blinded identification of 18 patients with clinical vCJD among 256 plasma samples from the two most affected
countries, with 100% sensitivity [95% confidence interval (Cl), 81.5 to 100%], 99.2% analytical specificity (95%
Cl, 95.9 to 100%), and 100% diagnostic specificity (95% Cl, 96.5 to 100%). This assay also allowed the detection
of silent carriage of prions 1.3 and 2.6 years before the clinical onset in two blood donors who later developed
vCJD. These data provide a key step toward the validation of this PMCA technology as a blood-based diagnostic
test for vCJD and support its potential for detecting presymptomatic patients, a prerequisite for limiting the risk

of vCJD transmission through blood transfusion.

INTRODUCTION .

Variant Creutzfeldt-Jakob disease (vCJD) was identified in 1996 in
the U.K. as a zoonotic infection caused by the dietary transmission
of bovine spongiform encephalopathy (I, 2). vCJD is a rare transmis-
sible spongiform encephalopathy (TSE) with a long incubation period
and with no validated test to identify affected individuals before clin-
ical onset. Until recently, all clinical cases of vC]D evaluated for the
prion protein gene (PRNP) were homozygous for methionine at co-
don 129 (59% of the Caucasian population) (3) with no cases in the
alternative genotypes. The first confirmed vCJD clinical case in a pa-
tient heterozygous for methionine/valine has just been reported in the
UK. (4). Patients with vC]JD display an accumulation of abnormally
folded prion protein (PrP™F) in the brain and lymphoid tissues in-
cluding the spleen, lymph nodes, appendix, and tonsils (5, 6), raising
concerns about the risk of blood-borne infection. The secondary trans-
mission of prions through blood has been demonstrated in several
animal models (7-10). In the UK, four cases of infection by the vCJD
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Diag, F-34184 Montpellier, France. 2Sorbonne Universités, UPMC Univ Paris 06, INSERM,
CNRS, Institut du Cerveau et de la Moelle épiniére (ICM)-Hbpital Pitié-Salpétriere,
F-75013 Paris, France. *Assistance publique-Hapitaux de Paris, Cellule Nationale de
Référence des Maladies de Creutzfeldt-Jakob, Groupe Hospitalier Pitié-Salpétriére,
F-75013 Paris, France. “Centre National de Référence des Agents Transmissibles Non
Conventionnels, F-75013 Paris, France. °Institut National de la Recherche Agronomique,
Université Paris-Saclay, Virologie Immunologie Moléculaire, F-78350 Jouy-en-Josas,
France. ®Laboratoire de Virologie, Hépital Pellegrin, F-33076 Bordeaux, France. Service
de Biochimie et Biologie Moléculaire, Hopital Lariboisiére, F-75010 Paris, France.
8National Creutzfeldt-Jakob Disease Research and Surveillance Unit, Centre for Clinical
Brain Sciences, University of Edinburgh, Edinburgh EH4 2XU, UK. °Etablissement Fran-
cais du Sang, F-93218 La Plaine Saint Denis, France. '°INSERM, Etablissement Francais
du Sang, Université de Franche-Comté, UMR 1098, F-25020 Besancon, France.
*Corresponding author. Email: joliette.coste@efs.sante.fr (J.C.); daisy.bougard@efs.
sante.fr (D.B)

Bougard et al., Sci. Transl. Med. 8, 370ra182 (2016) 21 December 2016

agent have been reported in recipients of nonleukodepleted red blood
cell concentrate from donors who were carriers for vCJD (11-13). A
fifth probable case was reported in a patient with hemophilia treated
with coagulation factor VIII manufactured from plasma derived from
U.K. donors (14). Infectivity in blood is thought to be split about
equally between leukocytes and plasma, with negligible amounts di-
rectly associated with red blood cells or platelets (15). Whereas clinical
cases of vC]D are declining worldwide, the prevalence of asymptomatic
carriers in the general population remains a concern. Investigations into
the prevalence of asymptomatic carriers, using immunohistochemical
detection of PrP™F in a large series of appendix specimens, indicated
an unexpectedly high rate of infection (1/2000) in the general UK. pop-
ulation (16, 17), which can be extrapolated to a prevalence of 1/20,000
in France where the level of exposure is considered to be 10 times lower.
Detecting circulating agents in asymptomatic subjects with peripheral
prion infection is thus important for public health, in particular to avoid
secondary transmission through blood transfusion. A prototype enzyme-
linked immunosorbent assay (ELISA) test was recently reported to
identify vCJD cases by probing whole blood (18-20). Several other
strategies are being explored using blood (21-23) and urine from vCJD
patients (24). However, most blood tests have only reached about 70%
sensitivity in blinded studies, thus falling short of the acceptance crite-
ria of 90% required by the European Union (EU) Commission Direc-
tive 2011/100/EU for licensing for human use (25). In addition, none
of these tests has proven effective for detecting presymptomatic patients.
We have previously described a blood diagnostic assay based on serial
prion amplification by protein misfolding cyclic amplification (PMCA)
(26). To circumvent the presence of blood-associated conversion in-
hibitors, we first captured the prion protein using magnetic nanobeads
coated with plasminogen. Plasminogen was identified as a ligand of ab-
normal prion proteins using specific interactions with lysine residues by
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Fischer et al. (27). Of particular interest is the capacity of plasminogen
to bind to PrP™" from various species including humans as well as
sporadic CJD (sCJD) prions (28). Plasminogen has also demonstrated
the ability to stimulate prion conversion in vitro (29).

In our PMCA-based assay (30), the capture step enables the con-
centration of prion proteins present in 500 pl of plasma and their sep-
aration from blood-associated conversion inhibitors. Our assay has
already achieved the level of performance required to detect PrPTSE
at the femtomolar range in plasma, buffy coat, or whole-blood samples
using either citrate or EDTA as anticoagulant. Here, by testing rare spec-
imens from U.K. and French CJD surveillance centers, we further
assess the performance of our assay against the strict requirements
outlined in the amended Decision 2002/364/EC of the European
Directive 98/79/EC (25) regarding the common technical specifica-
tions for vCJD blood-screening assays. Our assay allowed us to di-
agnose in a blinded fashion the presence of PrP™* in samples from
18 of 18 symptomatic vCJD cases among a large sample collection,
including samples from patients with sCJD, with 100% sensitivity.
It also permitted PrP™" detection in plasma samples collected 14 and
31 months before clinical onset in two French blood donors who later
developed vCJD.

RESULTS

Analytical sensitivity of the vCJD diagnostic assay

Our vCJD diagnostic assay consisted of a plasminogen-bead capture
step followed by serial PMCA (Fig. 1). We validated our vCJD assay for
analytical sensitivity (test detection threshold) using a blinded reference
panel consisting of plasma (in citrate anticoagulant) spiked with World
Health Organization (WHO) reference materials from the National In-
stitute for Biological Standards and Control (NIBSC) (NHBY0/0003 for
brain and NHSY0/0009 for spleen from vCJD patients) (30).To refine
these sensitivity data, we prepared an additional panel of human plasma
samples spiked with serial dilutions of the same vCJD WHO reference

=

Washings

450 pl plasma

brain tissue ranging from 107> to 107" After three PMCA rounds of
80 cycles each, PrP SE could be detected at a dilution of 10~° (Fig. 2).
Additional rounds of PMCA did not increase this level of analytical
sensitivity. The number of misfolded PrP™** molecules in the 107 dilu-
tion of the brain (and lower dilutions) and recovered by the plasminogen
beads as the PMCA seed input was likely insufficient to initiate the
amplification process. However, this 10~ dilution of analytical sensi-
tivity is 4 to 5 log higher than the acceptance criteria of 107 dilution
required by the Common Technical Specifications defined in the
European Commission Directive regarding the performances of vCJD
screening assays (25).

Diagnostic sensitivity and analytical specificity

of the vCJD assay

To evaluate the diagnostic sensitivity and the analytical specificity of
our assay, we analyzed in a blinded fashion a total of 152 plasma sam-
ples from French and British patients, including 18 patients with vC]D,
67 with sCJD, and 67 with non-CJD neurological diseases. In addition,
plasma samples from 104 blood donors were tested as healthy controls
to evaluate diagnostic specificity (Table 1).

Among the 152 plasma samples from patients, our assay blindly
identified all 18 cases of clinical vCJD, thus achieving a diagnostic sen-
sitivity of 100% [95% confidence interval (CI), 81.5 to 100]. As shown
in Table 2, of the 18 vCJD samples, 1 was positive after two rounds of
PMCA, 8 were positive after three rounds of PMCA, and 9 were pos-
itive after four rounds. Whereas the detection limit was reached after
three rounds of PMCA for brain material spiked into the plasma (ex-
ogenous prions), one additional round of PMCA increased the sensitiv-
ity of the assay when plasma samples from vCJD patients (endogenous
prions) were tested. Blood samples were obtained for all patients shortly
before death, except for five that were collected at earlier clinical phases
of the disease. The number of rounds required to obtain a positive sig-
nal showed no correlation with the time at which the tested sample was
collected before the patient’s death.

10% Brain
homogenate of
humanized
transgenic mice
(tg650)

v%»Q?JT

e

Serial

Western
rounds of blot
80 cycles of analysis

PMCA

Beads pellet

10l

Normal prion protein PrPc
Abnormal prion protein PrpTse

Magnetic nanobeads covered with plasminogen

Iﬁ
4
O

Teflon beads

Fig. 1. Assay for detecting PrP™F in plasma samples from vCID patients. Clarified plasma
(450 pl) was mixed with 500 pl of ligation buffer and 10 ul of magnetic nanobeads coated with
plasminogen. After incubation and washing steps, beads (as a pellet) were resuspended in polymerase
chain reaction (PCR) tubes containing three Teflon beads and brain homogenate from healthy trans-
genic mice overexpressing human PrP® (tg650 line) as a source of normal prion protein for PrP™t
amplification. PMCA enabled an increase in the amount of PrP™* by alternating incubation (29 min

40 s at 37°C) and sonication steps (20 s at 240 W). After 80 cycles of PMCA, samples were analyzed by
Western blot and/or subjected to a subsequent round of PMCA by refreshing the substrate.
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Fig. 2. Analytical sensitivity of the vCID detection assay. The analytical sensi-
tivity of the assay was assessed by analyzing plasma samples supplemented with
log dilutions of vCJD reference brain tissue ranging from 107 to 107'2, The PrP™*
signal was assessed by means of Western blot analysis using the 3F4 antibody
after proteinase K digestion. For each sample, 20 pl of the product was loaded onto
the gel. As a Western blot control, a 1072 dilution of the vCJD reference brain sample
without any amplification (no PMCA) was loaded on each gel (~3na). The results
obtained after each serial round of PMCA are shown. The asterisk indicates a faint
signal from incomplete PrP® digestion, M, molecular weight markers,

As shown in Table 1, our assay also showed high analytical spec-
ificity, with only 1 of 134 potentially cross-reacting blood specimens
from patients with sCJD, Alzheimer’s disease, Parkinson’s disease, and
other neurological diseases giving a positive result (99.2% specificity;
95% CI, 95.9 to 100). The positive specimen was from a 65-year-old
patient in the UK. with sCJD (homozygous for methionine at codon
129 with a 2a molecular typing; type MM2a). Two other plasma sam-
ples from type MM2a sCJD patients were tested in this study and gave
negative results for PrP™E, Results obtained on the whole U.K. panel
(20 plasma samples) are shown in Fig. 3. Representative results ob-
tained on French plasma samples are shown in Fig. 4A. No PrP™E
signal was detected in the 104 plasma samples from blood donors
(Table 1) even after five rounds of PMCA, thus indicating a diagnostic
specificity of 100% (95% CI, 96.5 to 100).

We then compared by Western blotting the PrP™F molecular sig-
nature obtained for the clinical vCJD amplified samples with that of
the reference brain samples from patients with sCJD or vCJD (Figs. 3
and 4B). Samples from all the vC]JD patients displayed the charac-
teristic type 2 mobility (19 kDa) and clear predominance of the di-
glycosylated isoform (27 kDa), whether amplified from plasma (Fig. 4B;

Bougard et al., Sci. Transl. Med. 8, 370ra182 (2016) 21 December 2016

vCJD plasma) or from crude brain tissue (Fig. 4B; vCJD brain homo-
genate). A similar type 2 mobility was also seen on the amplified products
obtained from the UK. patient samples (Fig. 3), including the 10 vCJD
samples and strikingly with the sCJD patient classified as MM2a [UK-14;
Fig. 3].

Preclinical detection of abnormal prions in plasma

In France, since 1999, as an additional control for blood safety, two
500-pl nonleukodepleted aliquots of the plasma of all blood dona-
tions are archived in liquid nitrogen for 5 years by the Etablissement
Frangais du Sang (French blood service). Three of the 27 patients who
developed clinical signs of vCJD had been regular blood donors (cases
8, 9, and 13). Eleven sequential archived plasma vials from two of
these three donors were traced and specifically archived for long-term
conservation. These vials correspond to the seven last blood donations
from donor A (case 8) and the four last donations from donor B (case
13). No archived samples could be traced for case 9. Donors A and B
donated once or twice a year before they developed clinical signs of
vCJD 7 and 2 months, respectively, after their last blood donation.
Thus, we analyzed 11 nonleukodepleted plasma samples from donors
A and B starting from 55 to 30 months, respectively, before clinical
symptom onset. For donor A (Fig. 5A), although the first four plas-
ma samples (Al to A4) were negative after six successive rounds of
PMCA, we detected PrP™E 31 months before clinical onset (A5)
and in subsequent blood donations (A6 and A7) after three or four
PMCA rounds. In donor B, after six PMCA rounds, PrP™E detec-
tion was negative 30 months before clinical onset (B1) and became
positive 14 months later (B2), which was 16 months before the ap-
pearance of clinical signs of the disease (Fig. 5B). Subsequent blood
donations (B3 and B4) were also positive for vCJD prions after
three or four PMCA rounds. These results demonstrate the pres-
ence of PrP™E in the plasma of individuals during the presympto-
matic phase of vCJD.

DISCUSSION

Here, we report a detection method in plasma allowing the diagnosis
of clinical vCJD with 100% sensitivity, 99.2% analytical specificity, and
100% diagnostic specificity. Despite the rarity of the samples, we have
tested 18 blood samples from vCJD patients from France and the UK.
Eighteen of 18 clinical vCJD cases were identified in a blinded fashion.
Such results satisfy the requirements for both sensitivity and specificity
mandated by the European Commission Directive (25). In a related
study in this issue, Concha-Marambio et al. provided further support
for the validity of the PMCA technology for detecting vCJD in human
blood samples with 100% sensitivity and specificity (31).

The finding that 1 of 67 sCJD patients tested positive for PrP™ in
plasma may suggest that our assay could sporadically amplify type
MM2a PrP™E under conditions optimized for vCJD detection. The
presence of infectivity in the blood of patients with sCJD has recently
been reported (32) but requires further investigation. Jackson et al.
(20), when determining the diagnostic performance of their prototype
vCJD ELISA blood test, also found two patients with sCJD who tested
positive, indicating some reactivity of their assay for sCJD in whole
blood. Lastly, and as suggested by the results obtained in prevalence
studies on appendix tissue (16), we cannot exclude the possibility that
the MM2a UK. sCJD patient testing positive in our assay was also a
carrier of vCJD infection in lymphoid tissue. No peripheral tissues are
available from this case to investigate this hypothesis.
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Table 1. Analytical performance of the plasminogen-based capture and amplification assay.

Patients with positive detection
of Pr"t in plasma samples.

Diagnosis

Analytical performance,

No./total no. % (95% Cl)

Clinical CJD

Blood donors

Presymptomatic vCJD***

Diagnostic sensitivity, 100% (81.5 to 100)

*U K. patient aged 65 years, sCID type MM2a.
confusion (n = 1), and polyradiculoneuropathy (n = 1).
course of the disease.

Using recombinant PrP as a substrate instead of brain homogenate
and intensive agitation instead of sonication, an alternative method
called real-time quaking-induced conversion (RT-QuIC) has emerged
as a powerful tool for prion detection (33, 34). Independent studies
have shown that the detection in the cerebrospinal fluid or in the ol-
factory epithelium of PrP™E for the diagnosis of sCJD by RT-QuIC
may be 99 to 100% specific (35-37). However, as yet, RT-QuIC ap-
pears to be less efficient in detecting PrP™E from vCJD patients using
various full-length recombinant PrP (38), although the use of hamster-
sheep chimeric PrP may improve its sensitivity (22). From a clinical
point of view, to date, RT-QulC-derived methods have not been
used to diagnose vCJD. Two detection assays have been described for
the detection of vCJD prions in blood with sensitivities close to 70%.
The first one combines a solid-state binding matrix to capture and
concentrate PrP™ from whole-blood samples with direct immuno-
detection (18). Having demonstrated 98.1% analytical specificity
(95% CI, 93.3 to 99.8%) with two sCJD positives detected and 100%
diagnostic specificity (95% CI, 99.9 to 100%) in 5000 U.S. blood donor
samples (20), this assay appears promising as a screening assay. The

Bougard et al,, Sci. Transl. Med. 8, 370ra182 (2016) 21 December 2016

*Epilepsy (n = 2), brain anoxia (n = 2), psychiatric diseases (n = 2), celiac disease (n = 1), cerebellar ataxia (n = 1),
***Both patients are distinct from the eight French patients with clinical vCJD sampled during the clinical

second assay is a PMCA-based assay that has allowed the detection of
PrP™E in white blood cells from three of four patients with clinical
vCJD (21). The diagnosis of vCJD may also be achieved using urine
samples according to a third PMCA-based assay (24), which has also
shown promising results: 92.9% sensitivity on 14 symptomatic vCJD
patient samples (95% CI, 66.1 to 99.8%) and 100% diagnostic speci-
ficity on 52 healthy control samples (95% CI, 93.2 to 100%). There is
no evidence that these assays can detect PrP™® in carriers incubating
the disease, who have not yet shown clinical symptoms.

Here, we report the identification of asymptomatic patients with
detectable PrP™E in the blood before clinical onset. The observed ki-
netics of the appearance of detectable PrP™E in plasma indicates that
a presymptomatic diagnosis is possible up to 31 months before the
first clinical symptoms appear. This is consistent with the intervals
of 17 to 40 months between the blood donations most likely respon-
sible for secondary vCJD transmission in the U.K. and the onset of
vCJD symptoms observed in the corresponding donors (11, 13, 39).
The number of PMCA rounds required to obtain a positive signal
varied between three and four during the incubation period in each
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asymptomatic case and between two and four after clinical onset.
The kinetics of circulating PrP™® during the incubation period and
during the clinical phase of the natural disease is unknown in humans.
It remains unclear whether circulating PrP™* continuously increases

Table 2. Characteristics of the 18 vCJD clinical cases included in this
study.

No. of rounds

Time at which of serial PMCA

Duration of the the tested sample

Case no. clinical phase to detect PrP™sE
(months) was harvested in the plasma
(months before death) P
samples

FR-20 14.0 26 3

FR-21 87 28 3

FR-22 15.8 9.8 3

FR-23 9.8 1.9 4

FR-24 135 55 3

FR-25 134 55 3

FR-27 271 21.2 4

UK‘114 ................................ 43 ............................... 4 .............
UK2151053 .............
UK-SM ................................ 093 ............

~
¥

PTSE

Fig. 3. Detection of Prl

during the incubation period and whether it reaches a steady state
during the clinical phase. It is worth noting that the presence of PrP™F
can be scarce in the lymphoid tissues of some symptomatic vC]D pa-
tients, leading to false negatives on tonsil biopsy (3, 40). Our results
suggest that circulating PrP™F during incubation and disease usually
fluctuates within the limits of detection corresponding to three or four
rounds of our PMCA assay, which is equivalent to the Prp™E
tained in 2 to 20 pg of vCJD brain tissue. A quantitative PMCA assay
as described by Chen et al. (41) may be a useful approach to precisely
assess PrP™E concentrations in the blood of vCJD patients.

Our findings demonstrate that measurable amounts of PrP™F with
seeding activity can be found in the blood of humans at a presympto-
matic stage. This has profound implications for public health and risk
management, particularly in transfusion medicine. Our results provide
a first estimation of the level of circulating abnormal prions in the
plasma of patients in the final years of the incubation period for vCJD,
which is not dissimilar from that observed in symptomatic patients. In
France, no case of transfusion-transmitted vCJD has been reported so
far in patients treated with blood products from the three vCJD pa-
tients who donated before symptom onset. This observation suggests
that the precautionary measures introduced in France to safeguard
blood transfusion, in particular leukodepletion, may have reduced
the risk of transmission. With a limit of detection in the femtomolar
range, our assay should allow a more precise evaluation of the residual
risk of vCJD prion distribution in the different blood components. It
may also be well suited for use as a complementary confirmatory as-
say, ensuring that any positive results from high-throughput blood-
screening assays are true positives.

From a clinical point of view, a diagnostic method with 100% sen-
sitivity is of special interest for diagnosis in young patients showing
clinical signs that do not fulfill the criteria of probable vCJD or in older
patients with atypical forms of rapidly progressive dementia (42).

There are some limitations to our study. Only a limited number of
blood samples from vCJD patients with clinical disease were tested,
but the number of samples in this study nonetheless fulfilled the re-
quirements of the European Commission Directive (25) because vCJD
is a very rare disease. In addition, the number of 18 symptomatic
vC]D patients is within the range of recent international studies in
the field of vCJD diagnosis (18, 24). Our study demonstrated the pres-
ence of PrP™E in the plasma in only two presymptomatic vCJD cases,
but samples of such presymptomatic blood donors are rare, and their
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in plasma samples from U.K. patients with CJD. Blinded plasma samples obtained from 20 UK. CJD patients were analyzed. The Prp™t

signal was assessed by means of Western blot analysis using 3F4 antibody after proteinase K digestion. For each positive signal, the equivalent of 7 to 10 l of the
product obtained after four rounds of PMCA was loaded onto the gel, whereas for negative signals, 20 pl of the product obtained after five rounds of PMCA was loaded
onto the gel. UK-1, UK-2, UK-5, UK-6, UK-8, UK-11, UK-15, UK-16, UK-17, and UK-19 refer to vCJD patients. UK-3, UK-4, UK-7, UK-9, UK-10, UK-12, UL-13, UK-14, UK-18, and
UK-20 refer to sCJD patients. NBH refers to a negative control brain homogenate from a non-CJD individual without any proteinase K digestion. M, molecular weight
marker. The dashed lines indicate separate Western blots.
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Fig. 4. Detection of PrP™E in plasma samples from French patients with vCJD. Blinded plas-
ma samples obtained from 132 French patients (including the archived samples from the last 8 French
cases with clinical vCJD) and 104 French blood donors as healthy controls (HC) were analyzed. The
PrP™*F signal was assessed by means of Western blot analysis using 3F4 antibody after proteinase
K digestion. For each sample, 20 pl of the product was loaded onto the gel. (A) Representative
results obtained with the plasma from two vCJD patients and non-vCID plasma samples. AD, Alz-
heimer’s disease; PD, Parkinson'’s disease; —3na, Western blot control (107 dilution of the vCJD
reference brain without any amplification); TP 107°, positive control of the amplification process
(107 dilution of the vCJD reference brain sample after 80 cycles of PMCA); M, molecular weight
marker. The asterisk indicates a weak signal due to failure in sample loading. (B} Comparison of
the PrP™E molecular signatures obtained with plasma samples from eight French vCID dlinical cases
and that of the reference brain homogenates (BH). The relative immunoreactivity of the 3F4 anti-PrP
monoclonal antibody (epitope amino acids 109 to 112) and the 12B2 anti-PrP monoclonal antibody

(epitope amino acids 89 to 93) is shown, 12B2 is specific for type 1 PrP™ because its epitope is cleaved during proteinase K digestion in type 2 PrP™, NBH refers to a negative control

brain homogenate from a non-CJD plasma sample without any proteinase K digestion. The dashed line indicates separate Western blots.

inclusion provided a unique opportunity to assess the kinetics of
PrP"F presence in blood during the incubation period. Until recently,
all patients with clinical vCJD worldwide, including those enrolled in
the present study (table S1), have been methionine-homozygous at co-
don 129 of the PRNP gene. The potential for infection to occur in
lymphoid tissues and in the central nervous system in the other geno-
types at codon 129 is supported by the observation of PrP™** accumula-
tion in the lymphoid tissues of an asymptomatic heterozygous recipient
of a potentially contaminated blood transfusion (12) and the recent
report of the first vCJD case in a heterozygous patient (4). In addition,
50% of the asymptomatic carriers identified in the prevalence study
on appendix tissues (16) were not homozygous for methionine at
codon 129. Although the present study is an important first step for
the systematic detection of infected individuals, with a significant
potential impact on transfusion safety, whether the assay could detect
PrP™F in the blood of vCJD patients with other genotypes has yet to
be confirmed.

In conclusion, our results provide valuable data on circulating ab-
normal prion proteins during the incubation phase in humans and
validate a new protein misfolding amplification-based assay that will
reduce the potential risk of vCJD secondary transmission. Moreover,
beyond these public health issues, our study provides evidence that a
brain proteinopathy responsible for neurodegenerative disease can be
diagnosed in asymptomatic patients through the detection of circu-
lating abnormal protein aggregates. This finding is of interest for fu-
ture translational research in neurological diseases caused by protein

Bougard et al., Sci. Transl. Med. 8, 370ra182 (2016) 21 December 2016

misfolding and aggregation, such as Alzheimer’s disease and Parkin-
son’s disease, for which there is a major need for a noninvasive early
diagnostic test.

MATERIALS AND METHODS

Study design

The aim of the study was to investigate the suitability of our blood di-
agnostic assay comprising plasminogen-bead capture coupled with
PMCA to identify vC]JD-infected individuals. Compared with the
handling of an emerging viral infection, development of a screening
assay for infectious prions that in addition can be applied to blood
samples from asymptomatic patients is challenging. In particular, only
a small number of blood samples are available from clinical cases in
France; no seroconversion panels are available nor a gold standard as-
say against which candidate-screening assays can be compared. From
a regulatory point of view, vCJD assays for blood screening, diagnosis,
and confirmation have been added to List A of Annexe II to Directive
98/79/EC by the Commission Directive 2011/100/EU of the EU In Vitro
Diagnostics Directive, meaning that candidate assays must meet strict
requirements with regard to sensitivity and specificity (25). Our study
aimed to meet these acceptance criterja by testing plasma samples
distributed in blinded panels from the UK. and France. These panels
included 18 plasma samples from vCJD patients, 134 potentially cross-
reacting plasma samples from patients with neurological disorders,
and 104 plasma samples from French blood donors. The detectability
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Fig. 5. Detection of PrP™F in plasma from two blood donors in the preclinical phase of v@ID. A set of 20 archived plasma vials stored at the Etablissement Francais
du Sang was tested. Seven plasma samples (labeled A1 to A7) had been collected from the eighth vCID French case (donor A) during each of his last blood donations before
he developed clinical signs of disease. Similarly, four plasma samples (labeled B1 to B4) had been collected from the 13th vCID French case (donor B). Time of plasma sample
collection (months) for each case is shown as the dates at which the first clinical signs appeared. Nine plasma control samples were obtained from blood donors who never
developed CJD. Results obtained for all the plasma samples from donor A (A) and donor B (B) and six control plasma samples (N1 to N6) are shown. The prp™sE signal was
assessed by means of Western blot analysis with 3F4 antibody after proteinase K digestion. For each sample, 20 ul of the product obtained after six rounds of PMCA was
loaded onto the gel, except for samples labeled A5, A6, A7, B2, B3, and B4 for which the equivalent of 4 pl of the product obtained after four rounds of PMCA was loaded.
—3na, Western blot control (1073 dilution of the vCJD reference brain tissue without any amplification); NBH, a negative control brain homogenate from a non-CID plasma
sample without any proteinase K digestion; M, molecular weight markers. “*” indicates positive after three rounds and “#” indicates positive after four rounds.

of PrP™E in the blood of presymptomatic carriers was also assessed on  able medical data to classify each case as sCJD, genetic CJD, iatrogenic
11 archived plasma vials from two blood donors who subsequently ~ CJD, vCJD (definite, probable, or possible), or non-CJD, using inter-

developed vCJD. nationally recognized criteria (44, 45). Only definite and probable
CJD cases are reported to the EuroCJD network, and all vCJD cases

Normal plasma samples and reference brain tissues are reported to the European Centre for Disease Prevention and

To assess the diagnostic specificity, anonymized blood samples were  Control.

collected from consenting French blood donors in compliance with Blood sampling from cases with a suspected diagnosis of CJD

French regulations (code de la santé publique article L.1243-3). Whole-  notified to the surveillance network was initiated in June 2006. This
blood samples (n = 104) were collected in EDTA-containing tubes.  collection is dedicated to the assessment of novel diagnostic proce-
Plasma was isolated after centrifugation at 1500g for 15 min at 21°C  dures for CJD. An informed and signed consent from the patients
and stored at —80°C until use. or their relatives was obtained for each sample. The procedure was
For the study of analytical sensitivity, WHO reference brain sam-  approved by the ethics committee of the Pitié-Salpétriere Hospital
ples (10%, w/v) were provided by the NIBSC (UK. under the refer- (CCPPRB/130-05). Blood was sampled in tubes containing sodium
ence number NHBY0/0003 for vCJD and number NHBX0/0001 for citrate, heparin, or EDTA. After centrifugation at 2000g for 15 min
sCJD [methionine-homozygous at codon 129 with PrP™E type 1 + 2 at 4°C, plasma, buffy coat, and red blood cells were sampled in aliquots
(MM1 + 2)]. Two additional sCJD brain samples were provided by  of 150 pl and stored at —~80°C. Here, only EDTA plasma samples were
CHU-Lyon (France), including one methionine-homozygous case with  used. Samples from 132 patients including 8 cases with vCJD (the last
PrpTSE type 1 (MM1) and one valine-homozygous case with PrP™E 8 cases on a total of 27 French cases who have died of vCJD), 57 cases
type 2 (VV2). NIBSC also provided a negative control WHO reference  with sCJD, and 67 cases with other neuropsychiatric diagnosis (see
brain homogenate (number NHBZ0/0005). Table 1) were split up into six consecutive groups and provided blind-
ly to undergo our testing procedure.
Blind panels from the French CJD surveillance network
Since 1993, all CJD suspects across France have been notified to the  Blind panels from the U.K. National CJD Research
national CJD surveillance network (43). Most suspects are notified and Surveillance Unit
by the laboratories that perform cerebrospinal fluid examination for =~ The National CJD Research and Surveillance Unit was established
detection of the 14-3-3 protein. Other sources of notification are  in 1990 and receives referrals of all suspect cases of CJD in the U.K.
neurological clinics, neuropathology laboratories, and the French ~ Whenever possible, staff from the unit visit the referred cases for as-
national institute for public health surveillance [Institut de Veille sessment and collection of detailed medical data before classifying the
Sanitaire (InVS)], which collects data on all notifiable diseases. For  cases using internationally recognized criteria (44, 45). Only definite
each suspected case, the CJD surveillance network collects all avail- and probable CJD cases are reported to the EuroCJD network, and
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all vCJD cases are reported to the European Centre for Disease Pre-
vention and Control.

Blood samples have been obtained in all cases since 1990. In-
formed and signed consent was provided by the patient or relatives.
The study was approved by the National Health Service Lothian Ethics
Committee. The blood samples were collected in EDTA or citrate. After
centrifugation at 400g for 10 min, plasma, buffy coat, and red blood cells
were stored at —80°C. Here, samples stored in citrate or EDTA were
used. In eight vCJD samples, the type of anticoagulant, either EDTA
or citrate, was not recorded. Samples included 10 from vCJD cases
(of 178 cases of vCJD in the UK.) and 10 from sCJD cases. The 20
samples were provided blinded to undergo the testing procedure.

Archived plasma panels from the Etablissement

Frangais du Sang (French blood service)

Since 1999, two aliquots of nonleukodepleted plasma from all blood
donations are archived for 5 years by the Etablissement Frangais du
Sang in liquid nitrogen to allow additional controls with regard to
blood safety. These aliquots, each of 500 pl, are prepared from whole
blood collected in EDTA-containing tubes. Eleven sequential archived
plasma vials from two donors who later developed vCJD were traced
and specifically archived for long-term conservation (over 5 years).
These vials correspond to the last seven blood donations for the 8th
vCJD French case (donor A) and the last four donations for the 13th
vCJD French case (donor B). Nine archived plasma samples from
blood donors who never developed CJD were added to this study.

Testing procedure
The testing procedure is a three-step assay (30) that captures Pr
from infected blood using plasminoEgen—coated magnetic nanobeads
before serial amplification of PrP™ via PMCA and finally specific
detection by Western blot (Fig. 1). Plasma samples were thawed in a
water bath for 10 min at 37°C and dlarified at 1500g for 5 min at 21°C.
In the preanalytical capture step, 10 pl of 1% (w/v) beads (Ademtech)
at 10 pg of plasminogen per milligram of beads was added to a mix
(1:1) of plasma samples (400 to 500 pl) and ligation buffer [0.1 M
phosphate, 0.5% sodium chloride, and 0.1% sarkosyl (pH 7.4)] before be-
ing incubated for 90 min at 25°C. After washing steps with phosphate-
buffered saline, beads were directly resuspended in the PMCA substrate.

For the PMCA amplification, the source of PrP used as substrate
was obtained from brain homogenates of healthy transgenic mice
overexpressing sixfold more human PrP with a methionine at codon
129 (tg650 line) (46). Brains were prepared at 10% (w/v) homogenate
in converting buffer (phosphate-buffered saline containing 150 mM
sodium chloride and 1% Triton) and clarified at 2000g for 20 s before
freezing at —80°C in single-experiment aliquots of PMCA substrate.

The captured prion protein was mixed with 90 pl of PMCA sub-
strate in PCR tubes containing three Teflon beads. Amplification
(80 cycles) was performed by three different technicians using two
different types of sonicators (54000, Misonix, and Q700; Qsonica).
Each cycle is composed of an incubation step (29 min 40 s at 37°C)
and a sonication step (20 s at 240 W). Successive rounds of 80 cycles
were performed by diluting the amplified material 1:10 in fresh PMCA
substrate. To avoid any cross-contamination, experiments were carried
out under strict quality-controlled PCR conditions. In addition, posi-
tive samples were not systematically subjected to an additional PMCA
round.

After amplification, protease-resistant prion protein was detected
by Western blot, as previously described (47). Samples were incubated

PISE
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with proteinase K (200 pg/ml) for 60 min at 45°C before denaturation
at 100°C in denaturing buffer. Samples were run on 12% polyacrylamide
gel electrophoresis before being electrotransferred onto a polyvinylidene
difluoride membrane and revealed using 3F4 or 12B2 monoclonal anti-
bodies against prion protein.

Statistical analysis

Calculations of 95% Clopper-Pearson Cls for sensitivities and specific-
ities were performed according to the exact binomial test (48) using
the free software R (49).

SUPPLEMENTARY MATERIALS
www.sciencetranslationaimedicine.org/cgi/content/full/8/370/370ra182/DC1
Methods

Table S1. Codon 129 genotype of the patients included in this study (including
presymptomatic cases).
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Supplementary Materials:

Methods

Codon 129 genotyping

Patients or their relatives gave written informed consent for the genetic study. Genomic DNA
was extracted from peripheral blood leukocytes using a Macherey Nagel kit, according to the
manufacturer’s instructions. The coding sequence of PRNP was amplified and analyzed as

described in Peoc'h et al (50).

Table S1. Codon 129 genotype of the patients included in this study (including

presymptomatic cases).

MM MV \'A% Not tested Total
vCID 20 0 0 0 20
sCID 42 12 13 0 67
Other neurological disorders 5 11 3 48 67
Total 67 23 16 48 154
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Amendment to “Revised Preventive
Measures to Reduce the Possible Risk
of Transmission of Creutzfeldt-Jakob

Disease and Variant Creutzfeldt-Jakob
Disease by Blood and Blood Products;
Guidance for Industry”

Draft Guidance for Industry

This guidance document is for comment purposes only.

Submit one set of either electronic or written comments on this draft guidance by the date
provided in the Federal Register notice announcing the availability of the draft guidance.
Submit electronic comments to https://www.regulations.gov. Submit written comments to the
Dockets Management Staff (HFA-305), Food and Drug Administration, 5630 Fishers Lane, Rm.
1061, Rockville, MD 20852. You should identify all comments with the docket number listed in
the notice of availability that publishes in the Federal Register.

Additional copies of this guidance are available from the Office of Communication, Outreach
and Development (OCOD), 10903 New Hampshire Ave., Bldg. 71, Rm. 3128, Silver Spring,
MD 20993-0002, or by calling 1-800-835-4709 or 240-402-8010, or email ocod@fda.hhs.gov, or
from the Internet at
https://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Guid
ances/default.htm.

For questions on the content of this guidance, contact OCOD at the phone numbers or email
address listed above.

U.S. Department of Health and Human Services
Food and Drug Administration

Center for Biologics Evaluation and Research
December 2017
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Amendment to “Revised Preventive Measures to Reduce the
Possible Risk of Transmission of Creutzfeldt-Jakob Disease and
Variant Creutzfeldt-Jakob Disease by Blood and Blood Products;
Guidance for Industry”

Draft Guidance for Industry

This draft guidance, when finalized, will represent the current thinking of the Food and Drug
Administration (FDA or Agency) on this topic. It does not establish any rights for any person
and is not binding on FDA or the public. You can use an alternative approach if it satisfies the
requirements of the applicable statutes and regulations. To discuss an alternative approach,
contact the FDA staff responsible for this guidance as listed on the title page.

. INTRODUCTION

This guidance, when finalized, will amend the document entitled “Revised Preventive Measures
to Reduce the Possible Risk of Transmission of Creutzfeldt-Jakob Disease and Variant
Creutzfeldt-Jakob Disease by Blood and Blood Products; Guidance for Industry” updated
January 2016 (the “2016 vCJD Guidance”) (Ref. 1). The guidance provides revised
recommendations intended to reduce the possible risk of transmission of variant Creutzfeldt-
Jakob Disease (vCJD) by blood and blood products by: (1) revising and removing certain
recommended deferrals for geographic risk of bovine spongiform encephalopathy (BSE)
exposure; and (2) recommending deferral for individuals with a history of blood transfusion in
Ireland from 1980 to the present.

The recommendations in this guidance apply to the collection of Whole Blood and blood
components intended for transfusion or for use in further manufacturing into injectable and non-
injectable products, including recovered plasma, Source Leukocytes and Source Plasma. Within
this document, “donors” refers to donors of Whole Blood and blood components and “you”
refers to blood collection establishments.

When this draft guidance is finalized, we, FDA, will amend the 2016 vCJD Guidance by

incorporating into an updated final guidance any new recommendation adopted. All other
recommendations in the 2016 vCJD Guidance will remain unchanged.
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FDA'’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guidances means that something is suggested or
recommended, but not required.

BACKGROUND
A. CJD and vCJD

Creutzfeldt-Jakob Disease (CJD) is a rare but invariably fatal degenerative disease of the
central nervous system, one of a group of transmissible diseases called transmissible
spongiform encephalopathies (TSES) or prion diseases. TSEs are associated with poorly
understood transmissible agents (Refs. 2-7), now designated TSE agents or prions (Ref.
8). Cases of sporadic CJD—the most common human TSE—occur at low frequency by
an unknown mechanism. CJD may be acquired by an identified exogenous exposure
(usually iatrogenic) to infectious material, or it may be familial, associated with one of a
number of mutations in the prion-protein-encoding (PRNP) gene. Clinical latency for
iatrogenic CJD, following point exposures to contaminated materials, has sometimes
exceeded 30 years (Ref. 9); incubation periods for kuru—another human TSE—have
sometimes exceeded 50 years (Ref. 10).

In 1996, a previously unrecognized variant of CJD, now designated variant CJD (vCJD),
was reported in the United Kingdom (U.K.) (Ref. 11). vCJD is distinguished from CJD
by differences in clinical presentation, cerebral imaging, neuropathologic changes, and
other features (Refs. 11-15). Laboratory and epidemiologic studies have linked vCJD to
human infection with the agent of BSE, probably acquired from contaminated beef
products (Refs. 16, 17). BSE was first recognized in the U.K. in 1985 and spread to most
European countries and beyond (Ref. 18). The BSE and vCJD epidemics are currently in
decline, although BSE has not been eradicated (Refs. 18, 19).

B. vCJD Risk in Blood

Early studies with blood of experimentally TSE-infected animals suggested that blood
contained very low levels of infectivity (orders of magnitude less than in brain) but often
sufficient to transmit the disease to susceptible animals. These results and the unique
accumulation of abnormal prion protein seen in lymphoid tissues of persons with vCID
(but not in other forms of CJD) led to concerns that transmission of vCJD by blood might
pose a greater risk than for sporadic CJD (Ref. 20). U.K. authorities have reported four
transmissions of vCJD infection (three overt, one latent) by transfusions of non-leukocyte
reduced red blood cells (RBC) and one possible transmission of vCJD by plasma-derived
Factor VIII (Refs. 21-24). vCJID infectivity is present in the blood of affected individuals
during the asymptomatic phase of disease for at least 3.5 years prior to onset of overt
illness. In the U.K., donors unknowingly infected with vCJD and healthy at the time of
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donation donated blood that transmitted vCJD to some recipients. These cases in the
U.K. provided convincing epidemiological evidence that human blood carries the
infectious vCJD agent and that the disease is transmissible by blood transfusion and
plasma products (as it is with blood of TSE-infected animals). No cases of transfusion-
transmitted vCJD (TTvCJD) have been reported in recipients of leukocyte reduced RBC.
No cases of TTvCJD have been reported in the United States (U.S).

C. FDA Rationale for Revised Donor Deferral Recommendations for
Geographic Risk of BSE Exposure

Starting in 1999, FDA issued several guidance documents intended to reduce the risk of
TTvCJID by recommending that blood establishments defer donors who had spent time in
certain countries where the risk of dietary exposure to the BSE agent was higher than that
in the U.S. (Ref. 1). The deferral policy is likely to have reduced the risk of TTvCJD
(Ref. 25). However, the deferrals have also eliminated a substantial number of otherwise
eligible blood donors, most of whom are unlikely to be infected with vCJD. Based on
these considerations and on the likely beneficial effect of leukocyte reduction in
preventing about 54% of TTvCJD (Refs. 26-28) and acknowledging a marked decline of
the BSE and vCJD epidemics worldwide (Refs. 18, 19), FDA decided to review the
currently recommended geographic deferral policies.

On June 1, 2015, the FDA Transmissible Spongiform Encephalopathies Advisory
Committee (TSEAC) discussed FDA’s quantitative risk assessment estimating the effects
of geographic donor deferrals in reducing the risk of TTvCJD. Based on results of the
risk assessment, FDA is recommending a revised vCJD-related geographic deferral
policy with consequent changes in the donor history questionnaire. A comparison of
residual TTvCJD risk associated with current and modified deferral policies has been
published (Ref. 25) and forms the basis of this draft amendment to the 2016 vCJD
Guidance.

1. Risk Assessment

FDA developed a quantitative risk assessment based on a global geographic “risk
ranking” model (Ref. 25) that estimated the contributions of donors potentially
exposed to the BSE agent in various countries to total U.S. TTvCJD risk. The risk of
exposure to the BSE agent was estimated either from the observed (“attributed”)
vCJD case rate of a country or from a rate “imputed” from probable exposure of the
population to the BSE agent in beef products. The model then estimated potential
person-years of potential BSE exposure by U.S. donors in the country (U.S. travelers
visiting the country and immigrants to the U.S. from the country). FDA next used the
model to evaluate both risk reduction and donor loss resulting from the current donor
deferral policy compared with an alternative deferral option. FDA also evaluated a
potential additional reduction in risk afforded by leukocyte reduction of RBC.
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The model estimated that current geographic donor deferrals for vCJD risk combined
with leukocyte reduction of RBC voluntarily implemented by blood establishments
have reduced risk of vCJD transmission via RBC transfusion by approximately 90%.
The model also indicated that U.K., Ireland, and France, the three countries with the
highest vCJD risks, contributed 95% of the total TTvCJD risk in the U.S. Thus, by
deferring donors only for time spent in these three countries and incorporating an
assumption that 95% of all RBC currently transfused in the U.S. are leukocyte
reduced (Ref. 29), the model predicted that the modified policy would maintain a
level of blood safety similar to that resulting from current policy. A similar estimate
for reducing risk of TTvCJD is presented in Table 1 in section 11.C.3 of this guidance,
on the alternative assumption that only 71.3% of RBC units are leukocyte reduced,
consistent with a recent national survey report (Ref. 30). Based on these results, FDA
is proposing to recommend deferral only for donors who spent time in U.K., Ireland,
and France (and donors exposed to U.K. beef on certain U.S. military bases in
Europe) and no longer recommending deferrals for time spent in all other European
countries. These revisions would simplify the donor screening process and
potentially allow more donors to donate. The other CJD-related and vCJD-related
recommended deferrals in the 2016 vCJD Guidance would remain unchanged.

2. Leukocyte Reduction of Cellular Blood Components

Experience in the U.K. with universal leukocyte reduction of cellular blood
components during the past 17 years has been far more encouraging than animal
studies would have predicted (Refs. 27, 31). All four TTvCJD infections reported in
the U.K. to date have been among a cohort of 27 persons transfused with non-
leukocyte reduced RBC from donors who later developed symptomatic vCJD, while
none of 25 transfusions of leukocyte reduced RBC from asymptomatic vCJD-infected
donors have transmitted vCJD to recipients (Ref. 32). These compelling data indicate
that leukocyte reduction reduces the risk of TTvCJD.

In addition to reducing the risk of TTvCJD, leukocyte reduction also provides other
medical benefits. Leukocyte reduction is proven to reduce adverse effects attributed
to leukocytes in transfused blood components including non-hemolytic febrile
transfusion reactions, HLA alloimmunization and transmission of certain cell-
associated blood-borne pathogens (e.g., cytomegalovirus, human T-cell lymphotropic
viruses) (Refs. 33-36).

3. Risk Assessment Results

Table 1 provides the results from the risk assessment model. The FDA risk
assessment model estimated the probable contribution of leukocyte reduction to
lowering TTvCJD risk. Currently U.S. blood establishments voluntarily leukocyte
reduce approximately 71.3-95% of transfused RBC units (Refs. 29, 30). Additional
reduction in TTvCJD risk might be achieved if all RBC products were leukocyte
reduced. FDA estimated the additional decreased risk from leukocyte reduction and
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total risk reduction from combined donor deferral and leukocyte reduction. The
estimated risk reduction by both the current 71.3-95% leukocyte reduction and

universal leukocyte reduction of RBC, should that be implemented, were compared
(see Table 1). Similar estimated reductions in total vCJD risk of close to 90% were
achieved by both the current donor deferral policy and the proposed policy when
either 71.3%, 95% or 100% of RBC were leukocyte reduced.

Table 1. Results from Risk Assessment Model

Total percentage risk reduction
*Donor (additional risk reduction) Annual
Deferral Donor Donor deferral |Donor deferral [Donor deferral | number of
Strategy deferral plus 71.3%  |plus 95% RBC |plus universal |donors lost
only RBC Leukocyte RBC
Leukocyte Reduction Leukocyte
Reduction Reduction
Model 1 79.0% 87.1% (8.1%) |89.8% (10.8%) | 90.4% (0.6%) 254,091
Model 2 78.0% 86.5% (8.5%) [89.3% (11.3%) | 89.9% (0.6%) 156,021

*Model 1. Current donor deferral policy (U.K. >3 months, 1980-1996; other countries in
Europe: >5 years, 1980-present).

*Model 2. Proposed donor deferral policy (U.K. >3 months, 1980-1996; France and Ireland: >5
years, 1980-2001).

Table 2 includes a summary of the proposed recommendations for geographical donor deferral
changes. The proposed recommendations change the deferral for time spent in all European
countries except for the U.K. Deferrals for time spent in the U.K. are unchanged because the
risk assessment model results did not change the conclusions about U.K. risk of BSE exposure.
Similarly, we are not changing the recommended deferral for individuals who spent time on
military bases in Europe because their BSE exposure risk was from beef products sourced from
the U.K. The risk assessment model also indicated that Ireland had a BSE risk similar to that of
France. Therefore, we are recommending the same deferral period for time spent in France and
Ireland and adding a deferral for individuals who had a blood transfusion in Ireland from 1980 to
present.! The risk period for BSE exposure in Ireland and France is limited to 1980-2001 based
on implementation of safeguards to the food chain by 2001 within the European countries (Ref.
37).

1 Some unknown number of persons may remain latently infected with the vCJD agent long after dietary exposure to
the BSE agent ended,; it is not known if their blood would transmit infection to recipients. Until the situation
becomes better understood, FDA recommends deferring anyone transfused in the U.K., Ireland, or France from 1980
to the present.

_d8-



Contains Nonbinding Recommendations

Draft — Not for Implementation

Table 2. Summary of Current Geographical vCJD Blood Donor Deferrals and the Proposed

Deferrals

Current deferrals

Proposed deferrals

Donors who spent cumulatively > 3 months in the
U.K. from 1980 to 1996

Unchanged

Donors who spent cumulatively > 5 years in France
or other countries in Europe from 1980 to present

Donors who spent cumulatively > 5 years in France or
Ireland from 1980 to 2001

Donors with a history of blood transfusion in the

Donors with a history of blood transfusion in the

U.K. and France from 1980 to the present U.K., France, or Ireland from 1980 to the present

Donors based on time and duration of exposure at
military bases in Europe during periods in which
commissaries and mess halls were supplied with
beef products from the U.K.

Unchanged

4. 2015 TSEAC Meeting

FDA sought advice from TSEAC regarding revised geographic donor deferral
policies to reduce the risk of TTvCJD. FDA presented results of the FDA risk
assessment model predicting that deferral of donors who spent three months or longer
in the U.K. from 1980 to the end of 1996 or five years or more in France or Ireland
from 1980 through the end of 2001 plus leukocyte reduction of RBC (assumed to
reduce risk of TTvCJD by about 54%) would maintain close to the current estimated
level of risk reduction but allow a modest number of donors currently deferred to be
reentered. FDA considered 2001 to be the year by which most European countries
were to have implemented steps to protect food and animal feed from contamination
with the BSE agent, steps similar to those adopted by 1996 in the U.K. Some TSEAC
members disagreed with several assumptions used to develop the statistical model.
FDA recognized the uncertainties of the risk assessment resulting from limitations of
available information and agreed with the TSEAC members' concerns. Following the
meeting, FDA investigated the issues raised by TSEAC and concluded that, although
the TSEAC concerns were reasonable, none of the concerns changed the final results
of the risk assessment or its final conclusion (Ref. 25).

At the meeting, the TSEAC also voted unanimously in favor of universal leukocyte
reduction to reduce the risk of TTvCJD (Ref. 38).

I11.  RECOMMENDATIONS

The recommendations set forth below, when finalized, will update the donor deferral
recommendations in the 2016 vCJD Guidance at sections 1VV.A.3-6, and 8 and IV.D.2.b.
questions 1-4. All other recommendations in the guidance related to risk of CJD and familial
TSEs will remain unchanged.
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The following recommendations apply to the collection of Whole Blood and blood components
intended for transfusion or for use in further manufacturing into injectable and non-injectable
products, including recovered plasma, Source Leukocytes and Source Plasma.

A Recommendations for Donor Deferral
We recommend that you defer donors for geographic risk of BSE exposure as follows:

1. Defer indefinitely a donor who has spent three months or more cumulatively in
the U.K. from 1980 to 1996.

2. Defer indefinitely a donor who has spent five years or more cumulatively in
France or Ireland? from 1980 to 2001.

3. Defer indefinitely former or current U.S. military personnel, civilian military
personnel, and their dependents as follows:

a. Individuals who resided at U.S. military bases in Northern Europe (Germany,
U.K., Belgium, and the Netherlands) for six months or more from 1980
through 1990, or

b. Individuals who resided at U.S. military bases elsewhere in Europe (Greece,
Turkey, Spain, Portugal, and Italy) for six months or more from 1980 through
1996.

4. Defer indefinitely a donor with a history of blood transfusion in the U.K., France,
or Ireland from 1980 to the present.

Appendix Table 1 in this guidance provides a summary of the current and revised
recommendations for geographic risk of BSE exposure (see Appendix).

B. Recommendations for Donor History Questionnaire

We recommend that blood collection establishments update their donor history
questionnaires (DHQ), including full-length and abbreviated DHQs and accompanying
materials (e.g., flow charts) and processes to incorporate the recommendations provided
in this guidance.

We recommend that the updated DHQ and accompanying materials include the following
elements to assess donors for geographic risk of BSE exposure:

2 Note that Northern Ireland is part of the U.K.
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1. A history of travel or residence between 1980 through 1996 that adds up to three
months or more in the U.K. (England, Northern Ireland, Scotland, Wales, the Isle
of Man, the Channel Islands, Gibraltar, or the Falkland Islands).

2. A history of receiving a transfusion of blood, platelets, plasma, cryoprecipitate, or
granulocytes since 1980 in the U.K. (England, Northern Ireland, Scotland, Wales,
the Isle of Man, the Channel Islands, Gibraltar, or the Falkland Islands), Ireland,
or France.

3. A history of serving as a member of the military, a civilian military employee, or
a dependent of a member of the U.S. military between 1980 and 1996 and
spending a total time of six months or more associated with a military base in any
of the following countries:

* From 1980 through 1990 in Belgium, the Netherlands, or Germany, or
» From 1980 through 1996 in Spain, Portugal, Turkey, Italy, or Greece.

4. A history of travel or residence that adds up to five years or more in France or
Ireland from 1980 through 2001 (including time spent in the U.K. from 1980
through 1996).

Appendix Table 2 in this guidance provides a summary of the current and revised
recommendations for DHQ (see Appendix).

C. Donor Requalification

Under 21 CFR 630.35, you may determine a deferred donor to be eligible if, at the time
of the current collection, the criteria that were the basis for the previous deferral are no
longer applicable. For donors deferred for reasons other than under 21 CFR 610.41(a),
you must determine that the donor has met criteria for requalification by a method or
process found acceptable for such purposes by FDA (21 CFR 630.35(b)).

Accordingly, donors who were previously deferred because they spent five years or more
in France or other countries in Europe since 1980 may be eligible to donate provided that
they would not be deferred under section I11.A of this guidance and they meet all other
donor eligibility criteria.

IV.  IMPLEMENTATION

Note: This guidance is being issued for comment purposes only. Implementation of the
recommendations contained herein is not recommended at this time.
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When this guidance is finalized, you may implement any revised recommendations once you
have revised your DHQs, including the full-length and abbreviated DHQs, and accompanying
materials to reflect the new donor deferral recommendations.

Licensed blood establishments must report the revisions to FDA in the following manner
(21 CFR 601.12):

1. Revision of your own DHQs and accompanying materials must be submitted to FDA as a
prior approval supplement (PAS) under 21 CFR 601.12(b).

2. Revision of a previously FDA accepted DHQ and accompanying materials must be
reported as a major change if you are revising the FDA accepted DHQ and accompanying
materials to implement these new recommendations. Report such a change to FDA as a
PAS under 21 CFR 601.12(b).

We recommend that you include the following in the PAS submission:
a. Form FDA 356h “Application to Market a New or Abbreviated New Drug or

Biologic for Human Use” which may be obtained at
https://www.fda.gov/AboutFDA/ReportsManualsForms/Forms/default.htm;

b. A cover letter describing the request and the contents of the submission;
c. The DHQ and accompanying document(s). Please highlight the modifications.

3. If the current version of the DHQs and accompanying materials prepared by the AABB
Donor History Task Force or Plasma Protein Therapeutics Association are revised to
contain the recommendations in this guidance and are found acceptable by FDA, we
would consider the implementation of the DHQ and accompanying materials to be minor
changes, if implemented without modification and in their entirety as a complete process
for administering questions to donors. Report such a change to FDA in your annual
report under 21 CFR 601.12(d), noting the date the process was implemented (see
21 CFR 601.12(a)(3)).
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APPENDIX

Appendix Table 1. Summary of Current and Revised Recommendations for Geographic Risk of
BSE Exposure

Section of the 2016
vCJD Guidance

Current Recommendation

Proposed Recommendation

IV.A.

Donor deferral criteria 1-7 apply to all donors.

Donor deferral criterion 8 (residence in Europe
for 5 years or more between 1980 and the
present) applies to all donors with the exception
of donors of Source Plasma.

Donor deferral criteria 1-7 apply to
all donors.

Donor deferral criterion 8 is deleted.

IV.A3 You should indefinitely defer donors who have Unchanged
spent 3 months or more cumulatively in the U.K.
from the beginning of 1980 through the end of
1996.

IV.A4 You should indefinitely defer donors who have You should indefinitely defer donors
spent 5 years or more cumulatively in France who have spent 5 years or more
from the beginning of 1980 to the present. cumulatively in France or Ireland

(but not Northern Ireland, which is
part of the U.K.) from 1980 through
2001.

IV.A5 You should indefinitely defer former or current Unchanged
U.S. military personnel, civilian military
personnel, and their dependents as follows:

a. Individuals who resided at U.S. military bases
in Northern Europe (Germany, U.K., Belgium,
and the Netherlands) for 6 months or more from
1980 through 1990, or

b. Individuals who resided at U.S. military bases
elsewhere in Europe (Greece, Turkey, Spain,
Portugal, and Italy) for 6 months or more from
1980 through 1996.

IV.A.6 You should indefinitely defer donors who have You should indefinitely defer donors
received a transfusion of blood or blood who have received a transfusion of
components in the U.K. or in France between the | blood or blood components in the
beginning of 1980 and the present. U.K. or in France or in Ireland from

the beginning of 1980 to the present.

IV.A.8 You should indefinitely defer donors of Whole Deleted

Blood, blood components for transfusion, and
Source Leukocytes, who have lived cumulatively
for 5 years or more in Europe from the beginning
of 1980 until the present. (Note this criterion
includes time spent in the U.K. from 1980
through 1996 and time spent in France from 1980
to the present.) Unless otherwise unsuitable (for
example, because they lived in the U.K. or
France or on U.S. military bases for the periods
of time noted previously), these donors remain
eligible for Source Plasma donation.
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Appendix Table 2. Summary of Current and Revised Recommendations for DHQ

Section of the

Current Recommendation

Proposed Recommendation

2016 vCJID

Guidance

IvV.D.2 Since the beginning of 1980, have you ever lived in or traveled to Delete
Europe?
a. If the donor answers “No”, you need not take any further action
b. If the donor answers “Yes”, then ask the following questions;

IV.D.2. question 1 | Between 1980 through 1996 did you spend time that adds up to 3 Unchanged*

months or more in the U.K. (England, Northern Ireland, Scotland,
Wales, the Isle of Man, the Channel Islands, Gibraltar, or the
Falkland Islands)?

IV.D.2. question 2

Since 1980 have you received a transfusion of blood, platelets,
plasma, cryoprecipitate, or granulocytes in the U.K. (England,
Northern Ireland, Scotland, Wales, the Isle of Man, the Channel
Islands, Gibraltar, or the Falkland Islands) or in France?

Assess donors for a history of
receiving a transfusion of blood,
platelets, plasma, cryoprecipitate, or
granulocytes since 1980 in the U.K.
(England, Northern Ireland,
Scotland, Wales, the Isle of Man,
the Channel Islands, Gibraltar, or
the Falkland Islands), Ireland or
France.

IV.D.2. question 3

Between 1980 through 1996, were you a member of the military, a
civilian military employee, or a dependent of a member of the U.S.
military?

If the donor answers “No,” you need not take any further action.
If the donor answers “Yes,” ask the following question:

Did you spend a total time of 6 months or more associated with a
military base in any of the following countries:

 From 1980 through 1990 in Belgium, the Netherlands, or
Germany, or

« From 1980 through 1996 in Spain, Portugal, Turkey, Italy, or
Greece?

4) From 1980 to 2001, have you spent time that adds up to 5 years or
more in France or in Ireland?

Unchanged*

IV.D.2. question 4

Since 1980, have you spent time that adds up to 5 years or more in
France?

Assess donors for a history of travel
or residence that adds up to 5 years
or more in France or Ireland from
1980 through 2001 (including time
spent in the U.K. from 1980 through
1996).

IV.D.2. question 4
(alternative)

Since 1980, have you spent time that adds up to 5 years or more in
Europe (including time spent in the U.K. from 1980 through 1996)?

Deleted

* Note that Section I11.B. of this guidance does not recommend specific questions for inclusion
on the DHQ.
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