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We analyzed the varicella-zoster virus (VZV) transcriptome in 43 latently infected human trigeminal ganglia (TG) with postmor-
tem intervals (PMIs) ranging from 3.7 to 24 h. Multiplex reverse transcriptase PCR (RT-PCR) revealed no VZV transcripts with a
PMI of <9 h. Real-time PCR indicated a significant increase (P � 0.02) in VZV ORF63 transcript levels but not the virus DNA
burden with longer PMI. Overall, both the breadth of the VZV transcriptome and the VZV ORF63 transcript levels in human
cadaver TG increased with longer PMI.

Primary varicella-zoster virus (VZV) infection causes varicella,
after which the virus becomes latent in ganglia along the entire

neuraxis; reactivation decades later results in herpes zoster (2).
Studies of VZV latency have been restricted to analysis of human
ganglia obtained at autopsy and have reported discrepant num-
bers and abundance of VZV transcripts (3–7, 9–11, 14, 16). The
discrepancies may be due to methodological differences and/or
the undefined (9–11), inexact (�24 h) (3, 5, 6, 14), and long (av-
erage, 17 to 25 h) (4, 15) postmortem intervals (PMI) in obtaining
cadaver ganglia. Herein, we searched for VZV transcripts in hu-
man trigeminal ganglia (TG) acquired not only at the usual inter-
vals (PMI of 9 to 24 h) but also at earlier time points after death
(PMI of 3 to 9 h).

Multiplex RT-PCR reveals no VZV transcripts in human TG
with a PMI of <9 h. Our recent use of multiplex reverse trans-
criptase (RT-PCR) to examine human TG with an average PMI
of 17 h revealed a wide variability among the VZV genes tran-
scribed in human TG (16, 17). Here, we extended the TG co-
hort with 17 additional samples obtained early after death
(mean PMI of 7.75 h; range of 3.7 to 23.25 h) (Table 1), result-
ing in a total of 43 TG from 25 donors with PMIs ranging from
3.7 to 24 h (Table 2). Poly(A) mRNA was extracted from gan-
glia, and 100 ng mRNA was reverse transcribed and amplified
in each of five multiplex PCRs covering all 68 VZV open read-
ing frames (ORFs) (16). No VZV transcripts were detected with
a PMI of �9 h, while the cellular control transcripts GAPdH,
neurofilament (NF), and �-actin were detected in all samples
by reverse transcriptase-linked real-time quantitative PCR
(RT-qPCR) (Table 2 and data not shown). In TG with a PMI of
9 h or more, transcripts mapping to VZV immediate-early
ORFs 63 (65%), 4 (42%), and 62 (39%); early ORF 29 (32%); or
late ORFs 11 (23%), 68 (19%), 40 (13%), 43 (6%), 41 (3%), and
57 (3%) were detected (Table 2). The number of VZV genes
transcribed correlated significantly with longer PMI (Fig. 1A)
(r � 0.59, P � 0.0001; Pearson’s correlation test).

VZV ORF63 transcript levels in human TG increased with
longer PMI. VZV ORF63 is the most frequent and abundant VZV
gene transcribed in latently infected human TG (3, 4, 9–11, 16). To
determine whether VZV transcript abundance was affected by the
PMI, cDNA was synthesized from 100 ng poly(A) mRNA ex-
tracted from all 43 TG and subjected to RT-qPCR analysis using

primers and probes specific for VZV ORF63 along with cellular
GAPdH and NF (4, 16). GAPdH and NF were amplified in all
ganglia but not when reverse transcriptase was omitted from the
cDNA synthesis reaction (data not shown). Consistent with earlier
findings (3, 4, 9–11, 16), ORF63 was the most prevalent VZV
transcript detected in latently infected human TG (Table 2). VZV
ORF63 transcripts were detected in 31 of 43 (72%) ganglia (Table
2, last column), including those obtained when PMI was �9 h,
and the abundance of VZV ORF63 transcripts increased signifi-
cantly with longer PMIs (Fig. 1B) (r � �0.42, P � 0.02; Pearson’s
correlation test). There was no significant difference (P � 0.27;
Fisher’s exact test) in the number of TG that contained VZV
ORF63 transcripts in donors with a PMI of �9 h (7 of 12 TG; 58%)
compared to a PMI of �9 h (24 of 31 TG; 77%) (Table 2). The NF
transcript levels were not affected by the PMI (Fig. 1C). There was
no significant difference in the abundance of VZV ORF63 tran-
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TABLE 1 Clinical features of human trigeminal ganglia donors

Subject Age; sexb Cause of death PMIa

A 87; M Cachexia and dehydration 03:40
B 91; F Dementia 03:45
C 83; F Dehydration 04:55
D 90; F Cachexia and dehydration 05:35
E 62; M Brain tumor 07:43
F 74; M Suicide 07:45
G 44; M Cachexia and sedation 10:15
H 51; M Unknown 11:00
I 44: M Pneumonia 12:00
J 59; M Cardiac arrest 12:30
K 90; F Unknown 23:16
a PMI, postmortem interval (hours:minutes).
b M, male; F, female.
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scription in paired left and right TG from individual donors (Fig.
1D) (P � 0.02; Wilcoxon matched-pair signed-rank test), suggest-
ing that the PMI-related increase of VZV ORF63 transcription
found in paired TG reflects a general host response, which may
involve cellular stress due to hypoxia, nutrient deprivation, or
hypothermia (1). Vascular endothelial growth factor (VEGF) is a
cellular gene product whose transcription is induced by hypoxia

(13). Analysis of cDNA synthesized from 16 surplus TG mRNAs
(12 donors) by RT-qPCR showed that the number of VEGF tran-
scripts did not correlate with longer PMIs (Fig. 1E) (r � 0.48, P �
0.06; Pearson’s correlation test) or with VZV ORF63 transcription
(Fig. 1F) (r � �0.21, P � 0.52; Pearson’s correlation test), indi-
cating that the increase in VZV gene transcription is virus specific
and not likely to be due to hypoxia.

TABLE 2 Detection of VZV transcripts in human trigeminal gangliaa

PMIc Subjectd Locatione

Multiplex RT-PCR result
RT-qPCR
resultIEb Earlyb Lateb

63f 4 62 29 11 68 40 43 41 57 ORF63

03:40 A R � � � � � � � � � � �
A L � � � � � � � � � � �

03:45 B R � � � � � � � � � � �
B L � � � � � � � � � � �

04:55 C R � � � � � � � � � � �
C L � � � � � � � � � � �

05:35 D R � � � � � � � � � � �
D L � � � � � � � � � � �

07:43 E R � � � � � � � � � � �
E L � � � � � � � � � � �

07:45 F R � � � � � � � � � � �
F L � � � � � � � � � � �

9:00 12 R � � � � � � � � � � �
12 L � � � � � � � � � � �

10:15 G L � � � � � � � � � � �
11:00 9 R � � � � � � � � � � �
11:00 H L � � � � � � � � � � �
12:00 6 R � � � � � � � � � � �

6 L � � � � � � � � � � �
12:00 I L � � � � � � � � � � �
12:30 J L � � � � � � � � � � �
14:00 3 R � � � � � � � � � � �

3 L � � � � � � � � � � �
14:00 13 R � � � � � � � � � � �

13 L � � � � � � � � � � �
15:00 1 R � � � � � � � � � � �

1 L � � � � � � � � � � �
17:00 14 R � � � � � � � � � � �

14 L � � � � � � � � � � �
18:00 4 R � � � � � � � � � � �

4 L � � � � � � � � � � �
18:00 7 R � � � � � � � � � � �

7 L � � � � � � � � � � �
18:00 8 R � � � � � � � � � � �

8 L � � � � � � � � � � �
22:00 2 R � � � � � � � � � � �
23:00 10 R � � � � � � � � � � �

10 L � � � � � � � � � � �
23:00 11 R � � � � � � � � � � �

11 L � � � � � � � � � � �
23:16 K L � � � � � � � � � � �
24:00 5 R � � � � � � � � � � �

5 L � � � � � � � � � � �
a Viral transcripts were determined by VZV transcriptome-wide multiplex RT-PCR and VZV ORF63-specific real-time quantitative PCR (RT-qPCR; last column) on cDNA
generated from human TG-derived RNA. �, transcript detected; �, transcript not detected.
b Putative kinetic class of the VZV open reading frame with respect to HSV-1 (2, 18). IE, immediate early.
c PMI, postmortem interval (hours:minutes).
d See reference 16 for VZV multiplex RT-PCR data on subjects 1 to 14.
e Left (L) or right (R) trigeminal ganglion.
f VZV open reading frame.
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No correlation of VZV DNA load in human TG with longer
PMI. The increased number of VZV transcripts (multiplex RT-
PCR) and ORF63 transcript abundance (RT-qPCR) with longer
PMI suggests postmortem VZV reactivation. Quantitative PCR
analysis confirmed the presence of VZV DNA in 42 of 43 ganglia
(VZV DNA was not detected in subject I), but the viral DNA load
did not correlate with the PMI (Fig. 1G and data not shown).
Thus, if VZV reactivated after death, reactivation had not yet ad-
vanced to virus DNA replication within the time frame investi-
gated. Finally, the lack of correlation between VZV ORF63 tran-
script levels and ganglionic VZV DNA load (Fig. 1H) indicated
that ORF63 transcription was independent of the latent VZV
DNA burden.

This study is the first to investigate the entire VZV transcrip-
tome in human ganglia with a short PMI. We detected no VZV
transcription early (�9 h) after death by multiplex RT-PCR but
found multiple VZV transcripts in TG at �9 h postmortem as well
as an increased abundance of VZV ORF63 transcripts with longer
PMI. Compared to multiplex RT-PCR, the RT-qPCR assay was
more sensitive to detect ORF63 transcripts (Table 2; data not
shown). The sensitivity of the multiplex RT-PCR assay is 1 to 10
copies for 82% of analyzed VZV transcripts and 100 to 500 copies
for the remaining 18% of VZV transcripts (16, 17). Among the
VZV transcripts detected in the TG analyzed in our current study
(Table 2), 7 (70%) are detectable at 1 copy per sample and 2 (20%)
up to 10 copies, and one transcript has been described to be de-
tected from 100 copies/sample (Table 2) (16). Thus, differential
VZV gene sensitivity of the multiplex RT-PCR assay did not ac-
count for the set of VZV transcripts detected in the TG analyzed.
The data contrast with a previous study reporting no difference in
simian varicella virus (SVV) transcription in ganglia removed im-
mediately and 30 h after death, although ganglia from just 2 mon-
keys were analyzed for 7 transcripts and only at 2 postmortem
intervals (12).

The current study raises an important question regarding on-
going low-level VZV gene transcription during latency or de novo
VZV gene transcription after death. Until an appropriate in vitro
culture model of VZV latency is developed, studies of VZV latency
must be restricted to human ganglia (3–7, 9–11, 14, 16). While our
data are consistent with continued VZV ORF63 transcription dur-
ing latency with transcription of other VZV genes initiated only
after death, a definitive answer would require analysis of human
ganglia obtained during life, a situation not possible. The SVV
nonhuman primate model of varicella latency provides an exper-
imental setting to definitively determine the extent of virus tran-
scription during latency (15).

Our data showed that the VZV immediate early genes are the
most frequently transcribed in human TG (Table 2). However, the
absence of increasing VZV DNA loads with longer PMI argues
against viral replication that would be expected during VZV reac-
tivation (Fig. 1E). No immediate explanation for the detection of
multiple VZV transcripts at �9 h postmortem, but not apparent
at earlier time points, can be provided but may reflect the epige-
netic state of the VZV genome. We have previously shown that late
VZV genes 14 and 36 are epigenetically silenced, whereas genes 63
and 62 are maintained in a euchromatic configuration in human
TG (8). Future studies will address VZV genome-wide epigenetic
modifications along with the detection and role of specific VZV
transcripts, including ORF63, in human ganglia with a short ver-
sus long PMI.

FIG 1 VZV ORF63 transcript levels, but not VZV DNA load, in human
trigeminal ganglia (TG) correlate with the postmortem interval (PMI). (A)
Correlation between PMI and number of VZV transcripts detected by mul-
tiplex RT-PCR; (B) correlation between PMI and abundance of ORF63
transcripts; (C) no correlation between PMI and abundance of neurofila-
ment (NF) transcripts; (D) correlation of the abundance of ORF63 tran-
scripts in paired left and right TG; (E) no correlation between vascular
endothelial growth factor (VEGF) transcript levels and PMI; (F) no corre-
lation between VEGF and ORF63 transcript levels; (G) no correlation be-
tween ganglionic VZV DNA load and PMI; or (H) abundance of ORF63
transcripts. Statistical analyses were performed using Pearson’s correlation
test (A to C, E, and F to H) and Wilcoxon matched-pair signed-rank test
(D). Panel A and panels E and F contain VZV transcript data and VZV
genome load levels, respectively, that in part have been published previ-
ously (see Table 2 and reference 16).

Postmortem Interval Alters Latent VZV Transcription
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