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uhks R " Anxicus. watch'over vet stﬁff in.virus butﬁreak

Donaﬁons -.5. e T The ownex ofia Brlehane veterlnary Cllnld is anxlously waltlng to see 1f
i - morae of Jhi istaff Have' contracted the potentlally fatal Hendra virus.' A
ADOUtP”OMED "““' . . .nurse and a Veterinarian at’ the.Redlands Veterinary Clinit. were dlagnosed -
e oo T aithe the. ‘virus -after treating; several dnfected horses..Owner Dr David:
SN " fovell said if ‘no.more staff were dlagnosed'thls weekend "[19-20 Jul 2008], i
the'worst of the -ck¥igis should, be. “over. "Ifwe get’ through this weekend I
;get the:. feellng we will be on the-roadAto :ecovery,f Lovell sald. "The"
_—antlcipated maxirmm lncuhatlon perlod i
.'3[22 Jul 20081 there. wbuld be ahsolutely no chance -of there being’a human -]
horse’ belng exposed or infected. because everythlng wouldnhave been shut
: down “and secured for that tlme. .

.,rcoudltlon.. .

v The veter;narlan of 38 years has closed hls"hcrse pract;ce durlng the Lo

: ©. . cxisis as. 8. other staff who’ wurked closely with affected horses dre . - -
'-'monltoxed toisee- 1f they are. lncubatlng .the.bug.- One of the horses ‘was put
= down, - another died and-a 3rd is recoverlng.-Lovell sald thQSeehoxses ShOWEd:
T W IR Slgns of neurologlcal qamage such as a staqgered ga;t and falllng dver.:

A‘.Cunneen and the nurse suffered flu—l;l.lce symptoms from the v::.rus, wh:.ch
c151med the life of traimer Vic Rail 'avd 14 horses du:lng the last outbreak
in 1994 Brlshane SOuth31de Populatlon Health Unit. medical : off;cer Dr Brad_
-MbCall sa1 wtheé affected pair’ wnuld KHave: acqulred the- 1nfect10h through i
Elose ‘conl act with the hoxses in the’ late stage of 1llness ‘or - at‘autop5y
“Theére. had" been no. evidence of person: torperson transmlsslon of the v1rus

”Tand nq‘rlsk to the w;der commmnlty. : .

’y

Queensland” Health contlnues to monltor 7 people in Proserp;ne, north o
~Queensland,jwho Have undergone Bblosd’ tests follow1ng a 2nd- outbreak of the .
-_-v;rus- - v1rus—affected horse dled 1ate 1ast week At a Cannonvale property.

. comﬁuﬁica‘ted.”ﬁy: '
ProMED-mail : o
CQ;omed@pxomedmall org> _: N

_'[The 1st human case of Hendra virus 1nfect10n in’ the eutbreakuaffec':ng.
- horses .at the Redlands Veterlnary Clinic in Brisband was reported on?l5. Jul -
2008 Now -a an person uur 1ng at he Redlands Veterlnary C11n1c has{been
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. hospltallsed w1th Hendra virus infectien. The condltlon of these 2 Patlents
. appears to be serlous but not life- threatenlng. -

The lnteractlve HealthMap/ProMED~mall Lnteractlve map - of Australla can be-
'accessed at <http://healthmap. orgfpromed9v—-25 7,134.5, 4> to find the'
location of the city of Brlsbane in the state of Queensland - Mod.CP}’

[see also: o e
Hendra virus, human, equine - Australia (02)‘ (QLD NSW) 20080717 2168
Hendra virus, human, equine - Australia: (QLD) 20080715.2146
‘Hendra virus, equine - Rhustralia: {Brisbane) 20080708.2076
2007 . - - - oL T '
Hendra virus, human, equine - Australia "(QLD) (04): 2nd corr. 26070903.2902
Hendra virus, human, equine - Australia (QLD) (03): corx. 20070903.2896
‘Hendra virus,. human; equine - Australia (QLD) (02): not 20070831.2871 -
,Hendrahyxyus, human, “equine - Australia (QLD): RFI 20070830,2851

':Hendré'Af:
2004

. equine - Australia: (NSW): susp. 20061109:3222

fv;rus - Malayﬁla, SlngaporE‘ ‘Fact- sheet 19990319 0434

Hendra
Hendra Virus, horse'— Aust:alla (Queensland) 29990219 021 ]
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IMMUNOHEMATOLOGY

31 . " |'. BACKGROUND: After primary infection, human herp-

' esviruses (HHVs) maintain long-term latent persistence,
often punctuated years later by sporadic episodes of

- symptomatic lytic activation. Also, blood-borne herpesvi-

lead to active primary infection of |mmunocompromised
; transfusion. recipients.
i ~ -1 STUDY DESIGN AND METHODS: Utilizing a set of -
' newly developed real-time polymerase chain reaction.
| assays for detection and quantification of alt eight
human hempesviruses, the prevalence and viral DNA
" 'lpad of white cell-enriched blood from 100 randomly
selected blood donors from the southeast Texas reglon
- are reported .
RESULTS Herpes simplex viruses 1 and 2 (HSV-1, and
< HEV-2), varicella-zoster virus (VZV), and HHV-8. DNA
" were.not detected in any donor sample, In confrast, :
Epstem-Barr virus (EBV) (72%) and HHV-7 (65%) were
commionly detected, HHV-6 (30%) was often. detected
. (Type B only), and cytornegalovirus (CMV; 1%) was
 rarely detected. Median viral loads of positive samples
{per millilter of blood) ranged from 4278 for HHV-G to
less than 46 {or EBV.
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i 1, tial for transfusion-mediated transmission of herpesvi-
s ruses from healthy aduit blood donors is high for EBV '
5 and HHV-7; moderately high for HHV-6; uncommon for -
| CMV; and rare for H8V-1, HSV-2, VZV, and HHV-8.
Pethaps the most remarkable fi ndlng in this study was

1 8.1x 1067 HHV-6 Type B genome équivalents per ml, .
- biood. Giveh thatthis extraordinarily high level of

_ doner, this phenomenon is likely unrelated to active '
* infection or immunodeficiency.

_rus from healthy persistently mfected blood donors can .

CONCLUSIONS. Thesé results. suggest that the poten-

the detection of a single donor sample wrth greater than_ |

'HHV-6 DNA was obtained from a healthy adult b\_ooa .

PR .:LA‘.;:‘.- e BENEZOOS‘Olz

Herpesvirus prevalence and viral load i in healthy blood donors by
quantltatlve real-time polymerase chain reaction

S. David Hudnall, Tiansheng Chen, Paul _Aﬁ,ison, Stephen K Tyring, and Ashley Heath

he eight haman herpesviruses (herpes simplex,
virus 1 and 2 [HSV-1, HSV-2), varicella-zoster
. virus [VZV], Epstein-Bart virus-[EBV], cytome-
_ .-galovirus [CMV], human herpesvirus 6 ([HHV-6},
human herpesvirus 7 [HEIV-7], and human herpesvirus 8
V-8, KSHVY) are large enveloped double-stranded
DNA viruses that estabhsh asymptomatic life-long latent
persistence in host cells after pritary infection.! Given the
moderate to high seroprevalence rates for all but HEIV-8,
_and the fact that most of the herpesvinises (EBV, CMV,
HHV-8, HHV-7, HHV-8) maintaif latency in white cells
(WBCs), it.is likely that a large number of adult blood
donors caity herpesvirus DNA in whole blood. - '
There have been a number of excellent published
studies regarding herpesvirus DNA prevalence and virus *
loadin adult donor Blood. Many of these studms, however.
... weré performed with: relatively( few specimens (<20),
- many did ngt determiné viral load; and-only one previ 115
-+ study® of 20 dénors assayed for all ezght he
' Anavel nésted’ polymerase chain reactibn’
with a complex xmxmre of degenerate and deo: ¢
substituted pnmers to the highly conserved herpes\rlrus N
DNA polymerase gene was previously developed-for the -
.purpose of discovery of novel herpesviruses in'animals.?
Qur group adapted this, general method for the detectlon

. ABBREVIATIONS: HHV = human herpesvirus; HSV= herpes
simplex virus; VZV = varicella-zoster virus.
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HERPESVIREMIA AND BLOOD DONORS

set of eight real-time PCR assays with
. TagMan probes for detection and quan-
tification of the human herpesviruses
and have applied these assays to deter-
¢ mine the prevalence and viral load of

{ herpesvmls DNA from 100 randomly
selected donor blood samples.

MATERIALS AND METHQDS
Real-time PCR
‘Herpesvirus DNA was obtained from.
the following sources: HSV-1 (ATCC,
Rockville, MD), HSV-2 (ATCC), "VZV
21 . (Bllen strain, ATCC), EBV (B95-8, ATCC),
- CMV_ (AD169 strain,” ATCC), HHV-6

(U1102 Type A strain and Z29 Type B
strain, - Advanced B1otechnolog1es
Columbia, MD), HHV-7 (H7-4 strain,’
Advanced Biotechnologies), and HEHV-8
_(BCBL-1, NIH AIDS Reagent.Program,
Rockville MD) PCR products of each
“herpesvirus obtained by regu.la:. PCR
i (Taq polymerase, Sigmad, StLouis, MO)
1 were agarose gel-purified, cloned into
- the TOPQ TA cloning vector (Invitrogen,
. Carlshad, CA), and. conﬁrmed by DNA
" sequencing, Herpesvirus pldsmid DNA
-was quantified by ultraviolet (UVY spec-
- u:ophotometry (D640, Beckman, Pul- .
.: érton, CA)-and stored frozen at -20°C
until use.

* Assay specﬁatywas determmeclby
smultaneously performing “two PCR
** procedures for each set of primers. One
reaction wag: petformed with a control

EBV

- sample contam_mg DNA of all eight

herpesviruses . as template (posmve

- céntrol), and the other reaction was per-

" forimed with a control sample contain-
ing DNA: of all but the primer-specific

virus (negative control). In each case

Fig. 1. Real-nme PCR standard cusves, The top panel d.isplays the lmear rela.tmnshlp

- between log concentration of viral DNA and PCR cycle. The bottom panel demon— o

strates the relationship between ﬁuoreseence signal intesisity and PCR cycle. The
curves from left to right in the Tower panel represent serial dilutions of v1ral DNA-—

. (data not shéwn); all pnmer sets ylelded

4 positive product with the positive

. . control and no prodict with the negat

tive control. Assay sensitivity was deter-
mined with six serial 10-fold dilutions

105, 10%,10% 10% and 10" viral geq per PCR procedure (per itg). Results for 10° geq are’

shown only for EBY, CMV aml I’fHV 8.

and differenﬁaﬁon of all eight human herpesviruses by
- chemiliuminescent dotblot nucleicacid hybridization and
heteroduplex mobility gel shift assay* While these assays
have proven to bé excellent tools for herpesvirus detection
and differentiation, they do not allow for viral load deter-
" mination. To address this limitation, we have developed a

il
i

(10°-10° virus genome equivalents (geq])

of each herpesvirus plasmid DNA pre-
pared mTE buffer (10 mmol/L Tris-HCl, 1 mmol/L ethyl-
enediaminetetraacetate, pH 8.0). The standard curves for . -
each virus are displayed in Fig. 1. Linearity of all log . '
standard curves was excellent, with 12> 0.98 for all eight =
assays. The Limits of detection (sensitivity) of each assay
are as follows: HSV-1, 10 geq per pg DNA; HSV-2, 10 geq;

Volume 48, June 2008 TRANSFUSION 1181




HUDNALL ET AL.

proved to be sufficiently, sensitive for
~detection of all herpesviruses except for
EBV and HHV-6. Because’single-step
assays for EBV and HHV-6 proved to be
less sensitive in detection of low viral
copy number,- we developed nested
PCR assays for detection of small quan-
tities (<1000 geq/ug) of EBV and HHV-6
(Fig. 1).. .

To ensure that the nested PCR pro-
cedures " were guantitative, standard .
curves for both stages of amplification
with high viral load standards were con:
structed. We were careful to limit the
first amplification step (with external
primers) te 20 cycles, a-cycle number
‘1 empideally chosen based on- results of
1. single-step real-time PCR in which
samples with viral loads as high as
. 2% 10° copies per mL reverted to posi-
tive’ only after more than'20 cycles of =~
amplification (as shown in Figs. 1 and’

2). In addition, standard curves for:the
nested PCR clearly indicated that the
assaywas log-linear and quantitative for
-high viral load samples (Fig. 2).
. One microgram of sample DNA’ (o¥
“2uL. ofextemal EBV and HI-IVGPCR '
. prodiicts) was added 0 & real-time PCR
“tube containing 12.5 ul, of 2% Teady: mixi
(JumpStart Tag, Signa), 0.3 pmol pe
. primers, 0.2 pmol per L clual—IabeIed
piobes, 5 mmol per L MgCl, and ultra-.
pure water up-te 25ul final Volume:
* Real-time PCR wds performed ina rap:d
" thermal cycler (Smart Cycler, Cepheid; -
Suxmyvale, CA) machine under the fol-
- lowing conditions: 95°C for 2 minutes,
followed by 45 to 55 amplification
cycles of 95°C for 15seconds, 60°C
(50°C for HHV-6) for 30 seconds, and
72°Cior 30 seconds. AllTagMan primers
o ) o and probes (see Appendix $1, available
Fig. 1. Continued o _ online  at - http://wwwhlackwell-
. o - * synergy.com/doi/abs/10.1111/j.0041-
. " VZV, 10 geq; EBV] 1 geq; CMV, 1 geq; HHV-6, 5 geq; HHIV-7, - 1132. 2008 01685.x) were produced by Sigina Genosys (The
i 10 geq; and HHV-8, 1 geq. -~ Woodlands, TX) and tested for sensitivity and specificity. -
' ~ DNA was extracted from 100 samplss of WBC—nch X For external EBV PCR, a 1-ug sample of DNA was _
whole blood obtained from the Gulf Coast Regional Blood added to a PCR tube containing 3 uL of 10x reaction
Center (Houston, TX) with a DNA mini kit (QlAamp; ~ buffer (200 mmol/L Tris- HCl, pH 8.8, 100 mmol/L X, .
Qiagen, Valencia, CA), quantified by UV spectrophotom- . - 100 mmol/L, (NH.50., 20 mmol/L. MgCl2, 1% Triton
etry (DU 640, Beckman), and stored frozen in TE buﬁ’er at ' X-100,.lmgfmL bovine serum albumin), 1.2 L of
~20°C until use. " 25 mmol per L MgCly, 0.6 1L of 10 mmol per L dNTP mix,
i - One-step real-time PCR assays for ali eight herpes- . 1.5-units of Tag polymerase {Orbigen, San Diego, CA), 6 uL.
" viruses were first developed. These single-step assays of 5x CES (2.7 mol/L betaine, 6.7 mmol/L dithiothreitol,
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