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TABLE 2. Comparison of demographlc. clinical, and laboratory fi indings in pauerlts Infected with the four dengue serotypes®

. PCR'type 1(n=27) PCR type 2 (n=13)

" PCR type 3 (n..9) PCR type 4 (n..7} Overall (n..se)

. 28.0 (2;:1.5-61.0) 35.0 21 .0-63.0) '

36.0 (26.3-57.8)

__13/38’(34)

SR
3t ?fff :

2o S

19/51 (37) -

. Dala ‘are shown in No (%), except olherwlse stated
.t PCR denotes po!ymerase chiain reaction’ .
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"'-macrocy'tlc anaemia. and pancytopema. She was:-
- diagnosed to have vitamin. B12 deficiency anaemia; -
which was:treated by vitamin B12. replacement and "
. -received a blood transfusion on 24 August 2002. On.
= ; day- 2 ‘post-transfusion, she ‘déveloped: low-grade .

- fever, but ho skin rash, headache, myalgla, arthralgia, -

- or retro-orbital pairi. The patient was tredted W|th
antibiotics as for a urinary tract .infection; based on
.- ‘the microbiological findings. The fever. subsided 3’
" days Iaterand the; patlent recovered uneventfully The
. blood product she. received was donated bya 17-year-
_old.asymptomatic. patlent lwmg in Ma Wan, during
 his viremic phase on 17 luIy 2002. On 24]uly 2002, he

developed generallsed skm rash and- attended the--

~Accident and Emergency Department of-Yan: Chai

~Hospital, In Qctober, he was subsequently picked up '
ras.one.of the dengue cases based on serology results’ G

durmg the active, case. flndmg exercise in Ma Wan.
Molecuiar testing performed -on the donated blood

prod ct was_positive for- dengue virus type 1. The
woman who had recewed the blood transfusuon was _.

recalled for blood testing on.7, October 2002, and was .

foundfo be positive forcorres pond‘ ng IgM an

ibodies

 and had 3 haemagglutination-inhibition titre of 1:2560. . _

Thts mmdent was the first documented cases of such

transmtsslon ln ‘the Ilterature, and smce October ’

. I-bng;(ongMedJ \{011_4No:_3 unnégopa:- wiorg -
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2002, the Hong Kong Red Cross Blood Transfusion
Service (BTS) has intensified its donor deferral

systems te counter this possibility. Specifically, it now
asks about symptoms of dengue fever in the Blood
Donor Registration Form (Supplement) by reminding
all prospective donors to inform the BTS.staff of all
instances for flu, fever, headache, eye pain, muscle/
joint. pain, vomiting, and skin- rash expenenced 2
weeks before or after b[ood donatlon

"In our_ study, dengue “fever was - " far ‘more
common than DHF -and dengue shock _syndrome,
which were rare events. Our patierits only manifested

mild bleeding with good dlinical outcomes and. no

fatalities. The clinical presentations of dengue fever,

such as fever, myalgia, headache, and arthralgia,

were comparable. to findings reported in other

studies. ™ Our patients {35%). presented with fewer -
-gastroenteritis symptoms com pared tothose of others
/(50-98%)."% Lymphadenopathy was _documented
in.only 16% of our patients, which-is much fower

than the figure of 50% reported elsewhere.” This
difference may be accounted for by . !ess—than—
adequate physical examination. Gurn bleedmg and

and duration of hospitalisation were not related to
specific serotypes. Although some of our patients

did receive platelet transfusions, the efficacy: of -

such treatment in speeding . recovery remains
controversial, Accordlng to Thai éxperts, platelets are

_ almost immediately destroyed by |mmune Iysrs afrer S
- administration.’ g :

Our study had_'s‘ever'al' limitaiibne. First, 1I1_e_

References .

target patrents were limited to those with Iaboratory-

confirmed dengue admitted to public’ hospitals.
During 1998 to 2005, DH received notification
of 203 dengue cases, mcludlng 77 -who -were
admitted to private hospitals or consulted general ..

- practitioners only. The disease burden mlght also be

underestimated, because some patients might have

-recovered, without seeking. medical attention, while

others might not have undergone serological testing,
~ Second, statistical analysis could not be carried out -
to compare clinical and laboratory parameters in
patients with dengue fever and DHF, as thérewere too
fewof the latter. Third, Ieboratory‘ results before 2002.
were not available in the Public Health Laboratory

 Information System. Fourth, notall clinical symptoms

and signs listed in Table 2 could be retrieved from.
the medical records, as some may. riot have’ been

.‘speaflcally asked for or looked for.

in conclusion, dengue -fever $h0uld' be.

-considered in the differential diagnosis of febrile -
‘patients with or without a travel history. Health care: .
'prowders should therefore have an’understanding

“of the infection, the spectrum of its clinidal features,
epistaxis were reported in12%and 10% of our patients- :
respectively, which was also much. lower than: that -

" reported prevuously““ Such differences ‘could be :

" due to the popu{atxons studied; patients recruited in"™
endemic countnes were- mamly encountered durmg'

- .- outbréaks in which both dengue fever and DHF were

. common: Previous studies. showed dengue disesse:
* geverity correlated with htgh viremia titres, secondary .
infection, and, DEN-2 serotype infection,’’" Our"

'fmdungs showed that-the haemorrhagic tendencnes

and methods of diagnosis and approgriate treatment.
Unul the Aedes mosquito can be effectively controlled .
or a cost-effective vaccine is developed, dengue . -

fever will remain-a public health coacerq, especially -
*in South-East -Asia. Control at source is one of the
-keys to combatmg dengue fever.and. réquires, active

participation from all sectors of the community. -
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TRANSFUSION COMPLICATIONS

Clearance of dengue virus in the plasma-derived
therapeutic proteins

Yi-Wu Xie, Paul K.S. Chan, Chi Kit Szeto, Sui Yi Kwok, Ida M.T. Chu, Shirley S.L.Chu,

BACKGROUND: Viral safety is of paramount impor-
tance for human plasmé—derived therapeutic proteins.
Recent reports of blood-associated transmission and
continuous regional outbreaks of dengue fever have
prompted a validation of clearance of dengue virus in
the manuiacture processes of the plasma-derived
products.
STUDY DESIGN AND METHODS: A high titer of cul-
tured dengue virus serotype 2 was spiked into process
samples before individual steps ot albumin and immu-
noglobulin' manufacture processes, including cold
ethanol precipitation, cation-exchange chromatography,
pasteurization, solventidetergent treatment, and virus
filtration. Clearance of dengue virus was quantified with
" TCID_:,D assays in the culture of Vero E6 ceils and, when
appropriate, real-time polymerase chain reaction (RT-
PCR} assays.
RESULTS: The individual process steps were all effec-
tive in the inactivation and/or removal of dengue virus,
and the data obtained clearly demonstrate that the risk
of dengue virus transmission was reduced cumulatively
by at least 10.12 and at least 14.24 log in the albumin
and immunoglobulin manufacture processes,
respectively.

removal approaches currently implemented in the
manufacture of plasma-derived products provide a good

safety m_argin with regard to the transmission of dengue
virus.

- CONCLUSION: The dedicated viral inactivation and/or
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Jo L.K. Cheung, Sai Wah Wong, Mahommed B. Ali, and Bing-Lou Wong

engue virus infects 50 to 100 million people
worldwide a year; of those infected, several
hundred thousand develop the more severe
and life-threatening diseases, dengue hemor-

" thagic fever and dengue shock syndrome. Dengue virus

belongs to the family Flaviviridae, which in general is
known to survive over long periods in fluids with high
protein contents, for example, blood. Therefore, dengue
viruses may be transmitied via transfusion of blood or
blood components. Albeit rare, it has indeed been docu-
mented that blood-associated transmission of dengue
vitus occurs via routes including needle-stick injuries;*
marrow-transplantation,? intrapartum and vertical tranis-
mission,? and mucocutaneous transmission.? This ¢an be
a serious public health problem without proper control
measures.

Dengue virus is a hpld—enveloped RNA virus, thh a
diameter of approximately 50 nm.* Reportedly, dengue
virus has been effectively inactivated by photosensitiz-

"ers® and is sensitive to high temperatures and acidic pH.?

This study aims to demonstrate for the first time that the

*

ABBREVIATION: BVDV = bovine viral diarrhea virus.
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ELIMINATION OF DENGUE VIRUS IN PLASMA FRACTIONATION

risk of dengue virus transmission in plasma derivatives is
eliminated by specific virus removal and inactivation pro-
cedures. Log reduction of dengue virus is investigated at
individual steps of the manufacture processes of plasma-
derived albumin and immunoglobulins, which include
cold ethanol precipitation, cation-exchange chromatog-
raphy, pasteurization, solvent/detergent (S/D} treatment,
and virus filtration. The evaluation of the manufacture
processes provides a measure of confidence for ehmmat-
ing dengue virus.

MATERIALS AND METHODS

Raw materiais

Normal human plasma was obtained from the plasma
fractionator Shenzhen Weiwu Guangming Biological
Products Co. (Shenzhen, China). All chemicals used in this
study were of either pharmaceuntical grade or analytical
grade. Virus filters (Planova 35N, 10 cm?) were a gift from
.Asahi Kasei (Tokyo, Japan).

- Virus culture and quantification
Dengue virus serotype 2 (8047/00 from Environmental

'Health Institute, Singapore) was propagated in C6/36 cells

{CDC Guangdong, China) in minimal essential medium
with 1 percent fetal bovine serum (Gibco, Grand Island,
NY). Dengue virus was quantified with TCIDge assays in
the culture of Vero E6 cells (ATCC, Manassas, VA). Vero E6
cells (2.5 x 10° cells/mL) were seeded in 96-well plates in a
volume of 100 uL per well, After 1 day of incubation, 50 uL

. of medium was added to each well. Bach dilution of .

sample was added at 50 pL per well, and further incuba-
tion was carried out at 36 = 2°C with 5 percent CO. Plates
were assessed {or TCIDs, endpoint as cytopathic effects
developed on the fifth day. The TCIDs, endpoint was cal-
culated according to the Spearman-Kérber method, and
the Poisson distribution was used when no virus was
detected in samples. Quantitative real-time polymerase
chain reaction (RT-PCR) was used to determine virus titer
in the chromatography and cold ethanol precipitation
steps. RNA of dengue virus was extracted in duplicate
from samples with a viral RNA mini kit (QIAamp, Qiagen,
Hilden, Germany) according to the procedure provided by
the manufacturer. Dengue virus cDNA was reverse tran-
scribed with random hexamers with reverse ranscriptase
(Supercript 1, Invitrogen, Carlsbad, CA). Quantitative
RT-PCR utilizing TagMan technology (Applied Biosystems,
Foster City, CA)} was performed on samples and proper
controls with specific primers (GTCAACATAGAAGCA-
GAACCTCCA and CTCTATGATGATGTAGCTGTCICCG)
and SYBR Green fluorescent probes with conditions opti-
mized to detect 4.67 copies of viral RNA for dengue virus.
Duplicate PCR procedures were performed for each

sample with a sequence detection system (ABI 7900 HT,
Applied Biosystems), and the cycling conditions were 50°C
for 2 minutes, 95°C for 10 minutes followed by 40 cycles of
85°C for 15 seconds, and 60°C for 1 minute, as well as a
dissociation stage of 95°C for 15 minutes, 60°C for

15 minutes, and 95°C for 15 minutes.

Fraction IV pi'ecipitation

The supernatant If + i1 was prepared from frozen human
plasma through two consecutive steps of cold ethanol pre-
cipitation with 8 percent ethanol at pH 7.1 followed by
19 percent ethanol at pH 5.852 Duplicates of 20 mL of
supernatant II + [l were spiked with 7.00 log per mL each
of dengue virus at a ratio (vol/vol) of 1:10. Ethanol (95%)
was added drop by drop into the supernatant I + ITf to a
final ethanol concentration of 40 percent, which was
further mixed at -5 to 5.5°C for 1 hour, before being cen-
trifuged at 2300 x g to separate the fraction (F)IV from the
supernatant IV. The supernatant II+{lI, the FIV, and the
supernatant IV were titrated for quantity of viruses by
TCIDs, assay or RT-PCR assay.

Pasteurization

The purified albumin solution was dxa.ﬁltrated with
8 volumes of water and then concentrated to a concentra- .
tion of 22 percent w1th a 30—kDa cutoff cassette Millipore,
trated alburmn solution to a final concentration of
32 mmo! per L, before adjustment of pH to 6.8 to make
20 percerit “albumin bulk Two-hundred milliliters of
albumin bulk and duplicates of the sterile-filtered
20 percent albumin in a 50-mL bottle was heated to 59°C
in a water bath, followed by spiking with dengue virus
{6.67, 7.50, or 7.67 log/ml) at a ratio (volfvol) of 1:20 and
1:25, respectively. Gentle mixing with a mechamcal stirrer
(stainless steel) was applied to the bulk pasteurization.
Samples were taken out for virus titration during the time
course of a 10-hour treatment at 59 to 60°C.

Flll precipitation

The FII -+ HI separated from the supernatant Il + ITf above
was redissolved, and NaAc-HAc buffer (0.8 mol/L-
4 mol/L, pH 3.9) was added dropwise to adjust pH to b.1.
Dengue virus {7.17 or 7.67 log/ml) was spiked at a ratio
(volivol) of 1:10 into duplicates of 20mL of the
pH-adjusted FIL+ IIL. Ethanol (95%) was added drap by
drop into the FII +1I1I to a final ethanol concentration of
15 percent, which was further mixed, at -5 to 5.5°C for
1.5 hour, before being centrifuged at 2300 x g to separate
the FIII from the supernatant II. The FII + III, the super-

"natant IT1, and the FIIT weze titrated for quantity of viruses
by TCIDs, assay.
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Virus filtration

A quantity of 196 mL of partially purified immunogiobulin
was spiked with 7.67 log per mL dengue virus at a ratio
{vol/vol) of 1:49, followed by filiration with a 0.22-pm filter
(Steritop, Millipore) to remove viral aggregates. The fil-
tered immunoglobulin was subject to virus filtration with
the 35N filter in a normal-flow manner, under constant
pressure of 80 kPa. Samples were titrated for quantity of
viruses by TCIDs, assay or RT-PCR assay.

S/D treatment

Duplicates of 27 mL of the immunoglobulin purified
through virus filiration were heated to 28°C in a water
bath, followed by spiking with 7.16 or 7.83 log per mL
dengue virus at a ratio (vol/vol) of 1:9. Triton X-100 and
tri-n-butyl phosphate were added drop by drop into the
immunoglobulin to a final concentration of L and
0.3 percent, respectively. Gentle mixing was achieved with
a mechanical stirrer (stainless steel) for the time course of
16-hour treatment at 28 to 30°C, during which samples
were rermaoved for virus titration by TCIDs assay.

Cation-exchange chromatography

A chromatography column of 10-mm diameter was
‘packed to a bed height of 11 cm with either new CM
Sepharose Fast Flow resin (Pharmacia Biotech, Uppsala,
Sweden) or the used resin that had previously been
recycled 476 times with the immunoglobulin purification
process. The column was equilibrated with 20 mmol per L
NaAc buffer, pH 4.0. Adjusted to a pH of 4.0 with 1 M HCI

and an jonic strength of 1.4 mS per cn with purified water, -

duplicates of 75 mL of the S/D-treated immunogiobulin
solution were spiked with 7.67 or 7.83 dengue virus at a
ratio (vol/vol} of 1:20. The virus-spiked immunoglobulin
solution was applied to the column at a linear flow rate of
40 cm/hr at ambient temperature. After washing of the
column with 10 column volumes of 10 mmol per L glycine,
pH 7.0, immunoglobulins wereé eluted with 100 mmol per
L glycine together with 150 mmol per L sodium chloride,
pH 9.0. The column load, the flow-through fraction, and
the eluate fraction containing immunoglobulins were
titrated for quantity of viruses by TCIDg; assay or RT-PCR
assay.

RESULTS

FiV precipitation

After the 40 percent ethanol precipitation of the superna-
tant II + I1I, no dengue virus was detected with the TCIDs,
assay in both the supernatant IV and the FIV (Table 1}.
Despite its direct cytotoxicity to the virus detector Vero E6
cells, when diluted 500-fold, 40 percent ethanol did not
affect the determination of virus titer. Results of quantita-
tive RT-PCR clearly showed that genetic materials of
dengue virus weré concentrated in the FIV (Table 1),
which is discarded during the aibumin manufacture.
Because chemical inactivation by high coricentrations of
ethanol is mechanistically different from the physical par-
titioning effects between fractions, this FIV precipitation
step provides an extra safety margin in the effective clear-
ance of dengue viruses.

Pasteurization

The kinetics of inactivation of dengue virus in the
20 percent albumin during the 10-hour pasteurization at
59 to 60°C are shown in Fig. 1. The pasteurization was
carried out at 0.5°C below what is normally used in the -
manufacture, representing a worst-case scenario. Dengue
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0 i 10

Pasteurization {hr)

Fig. 1. Inactivation of dengue virus in albumin by pasteuriza-
tion aver time. ({J) Bulk pasteurization; (#) terminal pasteus-
ization. Stock dengue viruses (6.67 or 7.50 log/ml.) were
spiked at a ratio (vol/vol} of 1:20 and 1:25, respectively, in the
bulk pasteurization and terminal pasteurization.

TABLE 1. Clearance of dengue virus in the precipitation of FIV*

Assay {log) Supemate i1 + il FIV Supemate IV Log reduction, Il + ! ~» supernate iV
TGIDs " 6.83/7.00 2.06t/2.061 1.654/1 .85 =5.18/=5.35
Quantitative RT-PCR 7-15/8.33 7.40/7.56 - 3.30/4.98 3.85/3.35_

7.00 dog per ml. spiked at a ratic of 1:10.

* Data shown are total vira) titers {log number multiplied by volume) fiom duplicate expetirnents, where stock virus had a titer each of

1 No dengue virus was detected, and the number was calculated according to the Poisson distribution.
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