6.7% dimethyl sulfoxicie. and 55 pg per mL bovine serum
albumin), 0.3 pmol per L external primers (Set 1), and
ultrapure water up to 30 uL final volume. External EBV

PCR was performed in-a conventional thermal cycler .

(Peltier, PTC-200, MJ Research, South San Francisco, CA)
under the following conditions: 95°C for 2 minutes and 20
amplification cycles of 95°C for 30 seconds, 56°C for
40 seconds, and -72°C for 1 minute, followed by a final
6 minutes’ extension at 72°C. EBV internal nested PCR was
performed with internal primets (Set 2) and 0.2 pmol per
L dual-labeled probe.
For external HHV-6 PCR, 1 g of sarnple DNA was
. added to a preloaded PCR tube (EdsyStart micro50,
Molecular BioProducts, San Diego, CA) to which -was
added 5 1L of 1 percent Triton X-100, 2.5 units of Tag poly-
merase (Orbigen), 3 1L of 25 mmol per L MgCl, 0.32 pmol
per L of external primers (Set 1), and ultrapure water up to
" 50 uL final volureé. External HHV-6- PCR was performed
in a conventional Peltier thermal cycler (PTC-200, M

Fig. 2. Keal-time PCR standard curve for HHV-6 high- -viral-

- load samples. PCR posm\nty of extremely hlgh HHV-6 viral
Toads 10° copxeslreacuun) was seen only after more than 20
cycles of single-step PCR and yields ah:ghlylinear log stan-
dard curve with a range of 16% to 2.45 x 108 virus copies per
reactiori. The linearity of the assays allows for viral Joad quan-

FPEIUT s = 08 Smmreese = ¢ 2t e o s A

Research) under the foHowing conditions: 94°C for

. 2minutes and 20 amplification’ cycles of 94°C for

30 seconds, 60°C for 30 seconds, and 72°C for 30 seconds,
followed by a final 5 minutes’ extension at 72°C. HHV-6
internal nested PCR was performed with internal primers

(Set2) and both HHV-6A and HHV-6B type-spécific

probes (0.2 umol/L each). For extremely high viral loads
{as seen with Case 46), our experience indicates that the
use of two PCR procedures, each with a single HHV-6

* type-specific probe, is preferable.

Virus load calculation

- Because each human diploid cell contains approximately

6.6 pg DNA, 1 pg of human genomic DNA from blood was
derived from approximately 1.5 x 10°WBCs. One rmiliiliter
of whole human blood contains approximately 7 x 108
nucleated ceils (WBCs). Thus, the virus copy number (geq)
per milliliter of blood is equal to virus copy number per
i1g of DNA (as determined by the real—ume PCR assay)
multlphed by 47 pg of DNA per mL bloed,

RESULTS

Herpesvirus DNA was commonly detécted, with 94 of 100
donor blood samples positive for the presence of at least

_‘one herpesvn'us (results summarized in Table 1). No héi-
-pesvirus DNA was detected in 6 cases. Four herpesvu'uses -
(HSV-3, HSV-2, VZV HHV-8) ware undetected in any .
' sample, and CMV was detected itk ‘bnly a single-case. tIfn _
. contrast, EBV (72%) HHV-7 (65%}. andHHV 8 [30%] were
" commonly detected. All 30 cases of HHV-6 yere Iype,'B

‘that is, no HHV-6 Type Awas identified. Medlanwxalldads

of positive samples (virus geq/mL blood) were 4371 fmr
HHV-6 (range 188-61,610,713), 3,196 for CMV (I case
only), 1,763 for HHV-7 (range 282-27,401), and lessthan47
for EBV (range, <47-550,370). A smgle donor sample con-
taining more than 80 x 10° geq of HEV-6B DNA per mL

. was identified. Because 1 mL of normal adult blood con-~
tains approximately 7 » 105" WBCs, this extremely high

viral load translates to approximately 11 virus copies per
WBC. Seventeen donor blood samples were positive fox

the presence of thiee herpesviruses (16 with EBV, HHV-6,

" ification of samples with high viral 1oad by one-step PCR. - and HHV-7; 1 with ERV, CMV, and HHV-7).

TABLE 1. Prevalence and virus load of herpeswruses in b[aod donors : ' ' -

HSV-1  HSV-2 = V&V EBV .- CMV HHV-G . HAWTY HHV-3 _
Total samples 100 {00 100 100 100 - 100 100 160 2
Positive samples - 0 N I o - 72 : d 30 B 65 . v e
Median viral load* o oL o <47 3188, 4371 . 1763 .
Viral Joad range : | <4755 x10° 188-6.2 %107 28227 x10*

* Expressed ag virug copy number per mE. of whole blood Each PCR procedure was petformed on 1 ug of whole-bload- DNA, representmg
" approimatety 1.5 * 10° WBCs
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DISCUSSION

Given that acute infection with human herpesviruses may
sometimes lead to serious disease, issues regarding the

' frequency and clinical significance of blood transfusion-
-mediated transmisston of herpesviruses from chronically

infected donors to previously uninfected or immunocom-
promised recipients have been raised. Although these
issues have been addressed in the case of CMV, the fre-

quency and significance of infection with the other herp- .

esviruses have not been as thoroughly detailed.
Little information regarding the frequency and virus

| load of HSV-1-positive blood donors is available. HSV-1

PCR positivity was not detected in healthy adult blood
donors from three independent studies. %8 With a highly
sensitive real-time PCR assay, we detected no HSV-1-

positive samples from-a cohort of 100 adult blood.donors. -

Our results corroborate the earlier negative reports and

. suggest that HSV-1 transmission by blood transfusion is

likely to be a highly unusual event.
Information regarding detection of HSV-2 in healthy

-adult blood donors Is extremely limited. In one small
- study,? HSV-2 PCR positivity was not detected in 20 adult

blood donors. In the current study, we detected no HSV-
2-positive samples from 100 adult blood donors. Our
results corroborate the earlier negative findings and indi-

" cate that HSV-2 transmission by blood transfusion is hkely

to be a highly unusual event.
Relatively little information. Iegardmg the mmdence

'of VZV DNA positivity in donor blood is available. Hq ang

and coworkers? detected only 1 VZV-positive sample (virus
load 39,029 geq/mL) from a total of 20 samples, whereas

de Jong and coworkers’ detected no positive samples from.
" atotal 0f20. In our study of 100 donor samples, no positive -
“samples were identified. Thus, these data suggest that VZV
- transmission by donor blood is likely to be an infrequent

event,
Given the very real clinical concerns with transfusion-

. mediated CMV transmission in immune-compromised

recipients, several studies have addressed the issue of
CMV positivity in donor blood. Whereds a relatively high

. frequency of CMV DNA positivity (19%-33%) has been.
© described by some investigators,*® other investigators

have reported much lower rates of CMV positivity, ranging

- from 0 to 2.8 percent.***? Roback and colleagues® identi-
.. fied only 2 positive samples of 1000 samples. from the .

United States whereas Nishiwaki and coworkers!? identi-

-fied 27 positive samples of 953 samples from Japan. In the

current study, we identified only 1 CMV-positive donor

: sample_ of 100 samples from the United States, a_result.'that
- is consistent with the low prevalence previously reported

in US blood donors.® In this previous report,® the 2 positive
samples- yielded an estimated 10 to 99 CMV geq per
2.5x 10° WBCs. Int an earlier article,® this same group
reported donor blood CMYV viral loads ranging from 8 to
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1560 geq per 2.5 10° blood WBCs. Our positive sample
contained 3196 CMV geq per mL of blood. Given that 1 mL
of blood contains approximately 7 x 10°WBCs, our single
positive case contains approximately 114 CMV genomes
per 250,000 WBCs, a result remarkably similar to that pre- -
viously reported.®

Give the role of EBV infection in the patfiogenesis of
postiransplant lymphoproliferative disorders, there has
been a great deal of interest In determination of EBV vira]
load in donor blood. Although EBV infection'is very
common with greater than 96 percent seroprevalence in

.adults worldwide,™ there is a wide range of reported rates

for EBV DNA positivity of doner blood, ranging from 5 to
88 percent 256304520 Iy this study, with a real-time nested
PCR method, 72 percent of the donor blood samples con-

. tained EBV DNA. The sensitivity of our assay is 1 geq per

ug of DNA. We suspect that the lower rates fox EBV posi-
tivity reported by some investigators were obtained with
less sensitive assays. Regarding EBV DNA load in blood,
Hoang and colleagues?® reported 845 geq per mL, Kimura

~ and colleagues'® reported 585 geq per mL (15.8 geq/ug),

and Maurmann and colleagues'® obtained a range 0f 3055 -

‘to 851,170 geq per mL. The current results indicate that
- EBVload varies over a wide range, with some donor blood

samples containing more than 500, 000 geq per mL, a
resuit consistent with those prevmusly reported by Maux-
mann and colleagues.’® Qu and coworkers®® reported the
interesting observation that removal of WBCs from 14 EBV .
DNA-positive whole-blood units rendered all but 1 unit
EBV DNA-negative. Thus, although EBVDNA posmwty of

" whole donor blood appears to be quite. cominon, the risk
.of EBV transmission from red blood cell tpansfusmn is sig-

nificantly reduced by leukoreduction.,

In the cument study, HHV-6 DNA was detected in
30 percent of the blood donor samples. At least six previ-
ous studies have reported rates of HHV-6 DNA positivity
and virus load from adult donor blood samples. In one
early study, Wilborn and colleagues® reported HHV-6

- positivity in only 5.4 percent of donor blood (buffy coat)

samples. In four later studies, HFIV-6 DNA positivity was.
detected in 25 to 36 percent of donor blood samples. >
Cuende and colleagnes® made the interesting observation

- that using 1 pg of DNA, 40 percent of the samples were

positive, a rate similar to that reported in the four previ-
ously mentioned studies, whereas using 5pg DNA,
80 percent of the same samples were positive. Assuming

- that these results are not due to contamination, nonspeci-
- ficity, -or technical error, this finding suggests that detec-

tion of extremely Jow levels of virus may in some cases .

. fequire amplification of larger amounts of sample DNA. It -
. .should be noted, however, that the 30 percent HHV-6 -

positivity rate obtained in the current study was obtained
with an assay with a high sensitivity (5 geq/iig DNA).
Clearly the most surprising finding from the current -

' study was the identification of a single blood denor




sample that contained more than 6.1 x 167 geq of HHV-6
per mL of blood, To ensure the validity of this result the
assay was performed four times, with the same result
obtained each time, Unusually high levels of HHV-6 DNA
were first reported by Luppi and ecoworkers® in peripheral
" ‘bloed mononuclear cells from three patients, two with
lymphoproliferative disorders and one with muttiple scle-
" rosis. The fact that two .of the three patients were HHV-6-

. 'seronegative suggested that the virus infection was latent.
- Luppi and coworkers® further demonstrated that the viral

genome was integrated into WBC-DNA. Clark and col+
leagues® described a single healthy adult with 1.2 x 108
HHV-6 geq per pg DNA (56.4 x 10° geq/ml} in blood that
persisted for at least 10 months with no evidence of active
disease. These findings have been confirmed "and
extended by others.?* Tanaka-Taya and coworkers® con-
cluded that thesé levels of viremia translate to more than 1
virus copy per blood WBC. Ward and colleagues® identi-

- fied six patients with a mean of 107 geq of HHV-6 per mL of
whole blood. These six individuals, ranging in age from
. newbom to 58 years; presented with a variety of symp-
toms including neonatal convulsions, - EBV-associated
encephalitis, and meningitis, while one individual was a
healthy adult stem cell donor. Based on dernonstration of
HHV-6 integration in hair follicle cells and previous
reports of vertical transmission of integrated HHV-6,20%

- . Ward and colleagues®® concluded that the viris was

carried by all cells and inherited through the germline. -
The current case represents to our knowledge the first
- report of this unusual phenomenon in & healthy adult

o _blood donor. Because the virus appears latenit and unable
+ to provoke a humoral immurie response, we believe that.

.-this phenomenon likely poses no serigus risk to an immmu-

nocoropetent recipient. It is most likely that in ‘a fully’

.+ imminunecompetent recipient, transfused WBCs carrying
. latent integrated HEV-6 will be normally cleared from the’
" recipient with no residual infected donot cells. On the
other hand; the outcome in immunocompromised recipi-
" ents or in those who receive stem cell fransplants is less
. certain. In an immunodeficient patlent the possibility of
. viral activation of latent integrated virds ‘leading to acute
. virus infection cannot be absolutely excluded. Assuming
" that integrated virus is present in hematopoietic stem

cells, it seems likely that recipients of stem cell transplants -

from donors that carry integrated HHV-6 will permanently
carry integrated virus in their hematopoietic cells. The
clinical implications of this phenomenon are not known.

HHV-7 infection, like EBV infection, is very common,

. witha reported seroprevalence 0f96 perc:e,nt.-"2 In an early

stidy, no HHV-7 DNA pasitvity was detécted in 20 donot
blood samples.? In a more recent study,™ HHV-7 DNA was
 detected in -peripheral blood mononuclear cells from
.. 87 percent of blood donors. In the present study, HHV-7

DNAwas detected in 65 percent of donorblood samples, a

result similar to the previous study* The earlier negative

HERPESVIREMIA AND BLOOD DONORS

results®* weré obtained with a nonnested PCR assay
coupled with gel detection of product, whereas the
current results were obtained with & real time PCR assa};.
Because the limits of detection of the assays utilized by
Hoang and colleagues® ranged from 222 (VZV) to 1738

. (HSV-2), it is likely that the marked difference in HHV-7

DNA prevalence obtained by these sdies is due to the
relative insensitivity of the eatlier assays.-

HHV-8, the most recently discovered human herpes-
virus, is also the least commonly encountered: in the
United States in-terms of seroprevalence, with a range of
Iess than 1 to 24 percent depending on geographic region
and serologic technique.! In terms of HEIV-8 DNA positiv-
ity of healthy adult blood donors, there is relatively little
information. In two independent studies, Hudnall and -
colleagués® and Hoang and colleagues® identified no
HHV-8 DNA positivity from an aggregate total of 40 donor
whole-blood samples, and Broccolo and ccmf_oi:kérs“5
identified no HHV-8 DNA positivity from 36 donor plasma

- samples. The current study extends and corroborates
.theése negative findings by identifying no HEV-8 DNA

positivity from 100 donor blood samples with a highly

- sensitive assay capable of detecting a single virus copy.

These results indicate that HHV-8 DNA positivity of adult

- ‘donor bleod in the United States.is likely to be a rare

phenomenon.

-
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WHO | New virus from Arenaviridae family in South Atrica and Zambia — Update 1/1 ™N—

DRL2008~002

Worid Health
Organization

New virus from Arenaviridae family in South Africa and Zambia -
Update

13 October 2008 — The results of tests conducted at the Special Pathogens Unit, National Institute for '

- Communicable Diseases (NICD) of the National Health Laboratory Service in Johannesburg, and at the Special
Pathogens and Infectious Disease Pathology branches.of the Centers for Disease Control in Atlanta, USA,
provide preliminary evidence that the causative agent of the disease which has resulted in the recent deaths of 3
people from Zambia and South Africa, is a virus from the Arenaviridae family.

Analys1s continues at the NICD and CDC in order to.characterize thiS virus more fully. CDC and NICD are
techmcal partiers in the Global Outbreak Alert and Response Network (GOARN)

. Meanwhile, a new case has boen conﬁrmed by PCR in South Afnca A nurse who had close contact with an

. earlier case has become ill, and has been admitted to hospltal Contacts have been identified and are being
fo]]owed»up . .

WHO and its’ GOARN partners continue to support the Ministries of Health of the two countnes in var,xous facets

of the outbreak investigation, including laboratory dlagnosxs investigations, active case ﬁndmg and follow-up of
contacts.
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