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INTRODUCTION

The cypriniviruses are double-stranded DNA her-
pesviruses in the family Alloherpesviridae, which
com prises 3 species that infect cyprinid fish. These
viruses are highly species-specific, with cyprinid
herpes virus-1 (CyHV-1) the cause of carp pox and
cyprinid herpesvirus-3 (CyHV-3) the cause of koi
her pesviral disease, both of which are limited to com-

mon carp Cyprinus carpio (Sano et al. 1991, Hedrick
et al. 2000). Cyprinid herpesvirus-2 is the etiological
agent of herpesviral hematopoietic necrosis disease
(HVHN) and is found in closely related species,
including goldfish Carassius auratus (Jeffery et al.
2007, Goodwin et al. 2009), Prussian carp Carassius
gibelio (Daněk et al. 2012, Xu et al. 2013), and cru-
cian carp Carassius carassius (Fichi et al. 2013). The
CyHVs cause serious mortality in fish; carp pox pro-
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and tissue that was removed from paraffin blocks. Both sample types could be used to detect the
virus within cells at similar concentrations. Tissues reprocessed from 10% NBF contained all the
known stages of viral morphogenesis including empty capsids, capsids with an inner linear con-
centric density, capsids with an electron-dense core, and in the cytoplasm, mature capsids con-
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viously paraffin-embedded tissues, cellular membranes were not preserved, making identification
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gnostic virology when other samples are not available.
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duces a papillomatous disease in carp fry (Sano et al.
1991), and koi herpesvirus can result in massive fish
kills in the wild (Hedrick et al. 2000, Garver et al.
2010). Cyprinid herpesvirus-2 (CyHV-2) has a wide
geographic distribution, and in North America it has
been mainly associated with mortality in goldfish
farms (Goodwin et al. 2006a). In mid-June 2013, a
massive fish kill occurred in Runnemede Lake, Run-
nemede, New Jersey (NJ; USA) that attrac ted consid-
erable public and media attention. The fish kill
affected only goldfish and was attributed to HVHN.
An intention of this study was to determine and doc-
ument the presence of CyHV-2 associated with mass
mortality of goldfish in this NJ lake.

In the wild, fish kills occur in a large diversity of fish
species, leaving the potential for uncovering novel or
emerging viruses. Diagnostic pathology is an invalu-
able tool for investigating fish kills because any num-
ber of environmental or infectious insults can be de-
tected within the organs. In addition, the presence of
pathogens can be linked to pathological lesions. In
 virology, although cell culture is considered to be the
gold standard for isolating viruses, many viruses fail
to replicate within cell lines due to species- and tis-
sue-specific tropisms, leaving histo pathology as the
main means of detection in some instances. When his-
tological analysis suggests a viral etiology, transmis-
sion electron microscopy (TEM) is a useful method to
ultrastructurally identify the virus. Herpesviruses are
the most abundant group of DNA viruses in fish, with
over 14 species associated with disease in fish and
nearly 30 reported herpesviruses in fish (reviewed by
Hanson et al. 2011). Their species-specific nature has
made them challenging to isolate and propagate in
cell culture. Transmission electron microscopy has
proven to be a useful me thod for detecting these
viruses. A number of suspected disease-causing her-
pesviruses in fish have only been detected by TEM
and have not been successfully propagated in cell cul-
ture (reviewed by Hanson et al. 2011).

In diagnostic pathology, since the majority of sam-
ples are fixed for routine histology, it is important to
understand how reliably these viruses can be identi-
fied when only paraffin-embedded or formalin-fixed
samples are available. For TEM, samples are opti-
mally fixed initially in a buffered glutaraldehyde
solution followed by fixation in osmium tetroxide, in
order to preserve the fine cellular structures. The
majority of pathology samples are preserved in 10%
neutral buffered formalin (NBF) and routinely pro-
cessed and embedded in paraffin wax. The ability to
reprocess routinely fixed histological samples for
TEM has been utilized in diagnostic pathology

(Estra da et al. 2005, Graham & Orenstein 2007,
Lighezan et al. 2009) and these methods have proven
useful for viral diagnostics (Estrada et al. 2005) as
well as for diagnostics in protozoa, fungi, and bacte-
ria, and for examining host cell structures (Graham &
Orenstein 2007). Herpesviruses are an ideal model to
compare ultrastructurally because of their complex
morphology containing a core, capsid, tegument, and
envelope (Pellett et al. 2012). In the present study, we
compared tissue and herpesviral virion ultrastructure
using CyHV-2 as a model, from formalin-fixed tissue
and tissue recovered from paraffin blocks repro -
cessed for TEM. The goal was to determine the relia-
bility and limitations of TEM reprocessing methods
for the identification of viruses.

MATERIALS AND METHODS

Fish kill at Runnemede Lake

Runnemede Lake is a ca. 1 ha lake located in Run-
nemede, NJ. Originally a private lake, it was formed
in 1927 after a dam was built along Big Timber Creek,
which flows into the Delaware River. Between 1930
and 1935, the lake was used for breeding largemouth
bass and later goldfish. In 1955 the lake was pur-
chased by the Borough of Runnemede, and in 1965
the state began stocking it with largemouth bass and
sunfish. The lake is located in a residential area and is
commonly used for recreational fishing.

On 21 June 2013, a fish kill was investigated at
Runnemede Lake; the only species affected were
goldfish, which all appeared to be in the 20 to 25 cm
size range. As a response to the kill, the borough had
removed approximately 950 kg of dead goldfish, esti-
mated to be a total of 3000 to 5000 fish. Water quality
analysis showed that water temperature was 22.3°C,
dissolved oxygen was 6 mg l−1 (70% saturation),
pH 7.17, and total ammonium was 0.56 mg l−1. Four
moribund fish were captured by wading with a dip
net. Fish were euthanized with an overdose of tri-
caine methanesulfonate buffered with sodium bicar-
bonate. Necropsy was done on all fish. Bacteriologi-
cal analysis included streaking kidney tissue using a
1 µl loop onto tryptic soy agar (TSA) slants; positive
cultures were re-isolated onto petri dishes with TSA
and identified using the API-20E system. For virol-
ogy, spleen, kidney, and gill were dissected and
pooled within Whirl-Pak® bags and frozen until viro-
logical analysis. For histology, gills, liver, spleen,
head/trunk kidney, brain, and gastrointestinal tract
were dissected, cut into 1 cm3 pieces, and fixed into
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10% NBF and processed for routine histology and
stained with hematoxylin and eosin (H&E).

Virological analysis

Due to the timing of sample collection, tissue pools
were frozen for 48 h and subsequently transported
on ice to the NJ Department of Agriculture Animal
Health Diagnostic Laboratory (Ewing, NJ). Tissue
samples were homogenized, and a small sample of
the homogenate was reserved for DNA extraction.
The remaining homogenate was routinely processed
for viral assay on epithelioma papulosum cyprini
(EPC) cells and monitored for cytopathic effect (CPE)
at 20°C for 7 d. In the absence of CPE, blind passage
was performed, and the re-inoculated cells were
observed for an additional 7 d. DNA was extracted
and purified from homogenized pools of kidney,
spleen, and gill with the QIAamp DNA mini kit
 (Qiagen) using automated sample processing in a
QIAcube (Qiagen). Forward (5’-TCG GTT GGA CTC
GGT TTG TG-3’) and reverse (5’-CTC GGT CTT
GAT GCG TTT CTT G-3’) primers (Life Technolo-
gies) were utilized based on the protocol of Goodwin
(2006). Polymerase chain reaction (PCR) was per-
formed in 25 µl reaction volumes consisting of 5 µl of
template (diluted 1:1 in nuclease-free water), 1 µl
each of the forward and reverse primers (10 µM
each), 12.5 µl of 2× PCR Master Mix (Invitrogen), and
5.5 µl PCR-grade water. A negative template control
with nuclease-free water was used to test for contam-
ination of reagents. PCR was performed on a Veriti®

Thermocycler (Applied Biosystems) under the fol-
lowing conditions: initial denaturation at 95°C for
5 min; followed by 35 amplification cycles of 30 s at
95°C, annealing for 45 s at 58°C, and extension for
45 s at 72°C; with a final ex tension for 2 min at 72°C.
PCR products were diluted 1:2 with nuclease-free
water and evaluated by electrophoresis on a 2%
agarose E-gel (Life Technologies) containing ethid-
ium bromide and visualized with ultraviolet light.

Morphological comparison of tissue after formalin
fixation versus recovery from paraffin 

After 48 h of fixing organs in 10% NBF, a portion of
all tissues was trimmed into small pieces, about
2 mm3, fixed in 2% phosphate-buffered glutaralde-
hyde, and stored at 4°C for approximately 1 wk.
Based on examination of H&E-stained, routinely pro-
cessed histology slides of correlate samples, 2 fish

were selected according to the most severe pathol-
ogy in spleen and kidney, and these tissues were pro-
cessed for high-resolution light microscopy (HRLM)
and TEM. In order to compare the morphology and
ultrastructure of samples processed from samples
fixed in 10% NBF and samples embedded in paraffin
wax, the correlate tissues were removed from the
paraffin blocks with a razor blade. The paraffin-
embedded tissues were trimmed to 2 mm3 pieces and
submersed in several changes of xylene at room tem-
perature for a minimum of 3 h. Following deparaf-
finization in xylene, the samples were transferred
into 100% ethanol in 2 changes for 15 min each and
subsequently hydrated through a graded series of
ethanol into phosphate buffer. The hydrated tissue
was fixed in 2% phosphate-buffered glutaraldehyde
at 4°C overnight. All tissues were processed rou-
tinely for TEM. Briefly, the tissues were washed in
0.1 M phosphate buffer, post-fixed in 1% phosphate-
buffered osmium tetroxide, washed again and dehy-
drated through a graded series of ethanol concen -
trations to 100% ethanol. Samples were cleared in
propylene oxide and infiltrated with Araldite 502/
Embed 812 resin (Electron Microscopy Sciences)
through increasing concentrations of resin in propy-
lene oxide. Finally, tissues were embedded in pure
resin and polymerized at 60°C for 24 h. Semi-thin
sections (0.5 µm) were cut from each block, stained
with epoxy tissue stain (Electron Microscopy Sci-
ences), viewed with a Nikon Eclipse 600 light micro-
scope, and photographed with a Jenoptik ProgRes
Speed XT Core 3 digital camera. Areas of interest
from the block were retrimmed and ultrathin sections
(90 nm) were cut, mounted onto 200-mesh super
grids, and stained with uranyl acetate and Sato’s lead
stain. Preparation of HRLM and TEM sections was
done at the National Institute of Environmental
Health Sciences Center at Rutgers University, and
TEM scoping and imaging were done at the Division
of Life Sciences, Electron Microscopy Core, Rutgers
University. Measurements were made directly on
electron micrographs; to compare measurements of
viral capsids between formalin-fixed tissue and tis-
sue taken from paraffin, a 1-sample t-test was used.

RESULTS

Fish kill at Runnemede Lake

In all 4 necropsied fish, gross findings included
severely pale gills (Fig. 1a), and occasional hemor-
rhage occurred at the base of the fins. Internally, the
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spleen and kidney were slightly mottled, containing
pale patches throughout the organs. Histopathology
showed that gills had diffuse type I fusion (fusion of
gill lamellae), and focal areas of type II fusion (fusion
of gill filaments) in all fish (Fig. 1b). The lamellar and
filament fusion in the gill was attributed to epithelial
hyperplasia and an associated inflammatory infiltrate
dominated by eosinophilic granule cells (EGCs).
Occasionally, nuclei of cells in the gill had margina-
tion of chromatin. Diffuse and extensive necrosis
with the presence of pyknotic nuclei occurred within
the hematopoietic tissue in the head and trunk kid-
ney of all fish (Fig. 1c). Additionally, many cells had
marginalized chromatin with centrally pale nuclei
(Fig. 1c inset). Within the head kidney, blood vessels

were dilated and contained a proteinaceous fluid
(Fig. 1c). In the spleen, there were multifocal areas
of necrosis that contained necrotic cells, pyknotic nu -
clei, and enlarged centrally pale nuclei with mar-
ginated chromatin (Fig. 1d). One fish had a lesion in
the brain, within the granular layer of the cerebel-
lum, characterized by fibrous material accumulated
adjacent to blood vessels, and the granular cell nuclei
had marginated chromatin with centrally pale nuclei.
Virological analysis demonstrated no CPE in the
EPC cells inoculated with the tissue samples. PCR
ana lysis for cyprinid herpesvirus-2 was positive in
all 4 samples tested, confir med by the presence of a
92 bp amplicon. Transmission electron micro scopy of
spleen and kidney confirmed the pre sence of herpes -

4

Fig. 1. Carassius auratus. Goldfish infected with CyHV-2, showing (a) severely pale gills, (b−d) light micrographs of routine
histology sections stained with H&E. (b) Gills with type I and II (arrows) fusion with a significant loss of respiratory surface. (c)
Anterior kidney with cellular necrosis, pyknotic nuclei, and dilated blood vessels containing a proteinaceous fluid (#); note the
cells with enlarged nuclei with marginated chromatin (inset). (d) Spleen with multifocal necrotic foci (arrows) with necrotic
cells, pyknotic nuclei, and enlarged cellular nuclei with marginated chromatin (inset). Scale bars = (b) 100 µm, (c) 20 µm, inset 

5 µm, (d) 100 µm, inset 20 µm
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virus within the nucleus and cytoplasm of necrotic
cells and cells with marginated nuclear  chromatin
within lesions. Bacteriology showed that 3 of the fish
cultured positive for Aeromonas sobria.

Morphological comparison of tissue after formalin
fixation versus recovery from paraffin 

HRLM, 0.5 µm sections of resin-embedded tissues
viewed with a light microscope had similar tissue and
cellular morphology when compared between tis-
sues processed directly from formalin or tissues pro-
cessed from paraffin blocks (Fig. 2). In both process-
ing methods, the cells were well preserved and,
within the lesions of interest, cells with centrally pale
nuclei and marginated chromatin were clearly evi-
dent (Fig. 2). Examining the ultrastructure with TEM,
virions were clearly identifiable with both processing
methods, but differences were noted in cellular and
viral ultrastructure (Fig. 3). When processed di rectly
from formalin-fixed tissue, cellular membranes were
well preserved as seen by the preservation of the
nuclear membrane, cisternae of rough endo plasmic
reticulum, and mitochondrial membranes (Fig. 3a−d).
Three types of virions were observed in the nucleus
of infected cells: capsids with a central dense core
(mean ± SD diameter 89.5 ± 8.23 nm, range 73−
100 nm, n = 60), empty capsids (mean dia meter 92.4
±10.08 nm, range 75−100 nm, n = 10), and capsids
with a concentric linear density (mean diameter 81 ±
6.32 nm, range 75−87 nm, n = 10; Fig. 3a,b). In the
cytoplasm, aggregates of capsids with a dense core

were clearly apparent (Fig. 3c), and capsids within
host membrane-bound vesicles or capsids within a
membrane-derived envelope were observed (Fig. 3d).
The most notable difference in tissues processed
from paraffin blocks was the loss of membrane struc-
tures (Fig. 3e−h). Ribosomes and nuclear chromatin
were present in the cells, although the plasma mem-
brane and nuclear membranes were not preserved
(Fig. 3e,f,h). Within the cell cytoplasm and nucleus,
herpesvirions were clearly observed at concentra-
tions similar to that seen in tissues that were pro-
cessed after formalin fixation. Similar to formalin-
fixed samples, virions were observed as empty capsids
(mean diameter 79.2 ± 7.2 nm, range 75−92 nm,
n = 10) and capsids with a dense central core (mean
diameter 84.9 ± 7.45 nm, range 75−100 nm, n = 60;
Fig. 3f,g). Capsids with a concentric linear density
were rarely observed, and capsids within membra-
nous vesicles or capsids with a membrane-derived
envelope were not observed in these samples. Viri-
ons with capsids surrounded by electron-dense ma -
terial were observed in the cytoplasm (Fig. 3h). Com-
parison of the size of viral capsids with dense cores
between the 2 processing methods revealed a signif-
icant difference in the size of capsids (p = 0.00103).
The size difference was marginal with the mean
 capsid size of 89.5 nm in formalin-fixed tissue and
84.9 nm in tissue taken from paraffin blocks.

For diagnostic pathology, it is helpful to identify
cell types and organelles using TEM; in samples
that were processed after formalin fixation, there
was good preservation of cellular membranes, or ga -
nelles, and granules that aid in cell identification
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Fig. 2. Carassius auratus. High-resolution light microscopy stained with toluidine blue. Anterior kidney of fish infected with
CyHV-2 with enlarged nuclei containing marginated chromatin (arrows), (a) processed for transmission electron microscopy 

(TEM) from formalin-fixed tissue, compared to (b) processed for TEM from paraffin block. Scale bars = 10 µm
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(Fig 4.a−c). Immune cells believed to be related to a
dendritic cell type in cyprinids (Lovy et al. 2010)
were observed in the spleen and kidney. The gran-
ules within the cells were vacuolated and contained
electron-dense cores within the vacuoles. The vac-
uolated portion of the granule ranged from 150 to
633 nm in diameter, with a mean of 306.5 ± 174.36 nm
(n = 10), and the electron-dense core ranged from
117 to 200 nm, with a mean of 136.5 ± 25.9 nm
(n = 10). Within the inflammatory infiltrate of her-
pesviral lesions were EGCs that were both intact
(Fig. 4b) and ones that were undergoing piecemeal
degranulation (Fig. 4c). In tissues that were pro-
cessed for TEM from paraffin blocks, it was possible
to identify cell types when they had characteristic
granules, although the cellular membranes were not
preserved, making correct identification of cellular
organelles and granules difficult (Fig. 4d,e). Addi-
tionally, the cytoplasm of the cells had a ‘washed
out’ appearance, suggesting that some of the
organelles were not entirely preserved. Within the
kidney of 1 sample, gram-negative bacterial rods
were observed (Fig. 4f).

DISCUSSION

This is the first documented mass mortality of wild
goldfish caused by CyHV-2 in NJ. It is possible that
outbreaks have occurred in the past, but have only
recently been documented be cause of the current
availability of diagnostic techniques and the residen-
tial location of this lake, making reporting more
likely. Although CyHV-2 has a wide geographic
range, including reports from Europe (Jeffery et al.
2007, Daněk et al. 2012, Fichi et al. 2013), Japan
(Jung & Miya zaki 1995), Taiwan (Chang et al. 1999),
Australia (Stephens et al. 2004), and the USA (Good-
win et al. 2006a,b), reports in the USA are rare and
are usually associated with commercial goldfish ope -
rations (Goodwin 2012). Goldfish are an established
invasive species in North America, originally intro-
duced in the late 1600s (Courtenay & Stauffer 1990),
and are found within many drainages throughout the
state of NJ. In Runnemede Lake, the fish kill was
likely initiated by increasing water temperatures
com bined with the high densities of goldfish in the
lake. Temperature stress is also believed to be a
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Fig. 3. Carassius auratus. Transmission electron microscopy (TEM) of cells infected with CyHV-2. (a−d) Tissues processed
from 10% neutral buffered formalin; note the membrane preservation of the sample. (e−h) Tissues processed from paraffin
blocks; note the lack of membranes. (a) Cell containing viral capsids with electron-dense cores (arrowheads) and empty viral
capsids (short arrows) within the nucleus (N), and a viral capsid surrounded with electron-dense material within the cell cyto-
plasm (long arrow). Note the well-preserved nuclear membrane and rough endoplasmic reticulum. (b) Viral capsids with elec-
tron-dense core (arrowhead) and capsids containing a concentric linear density (arrow) in the nucleus (N). (c) Aggregate of
naked viral capsids with electron-dense cores in the cytoplasm. (d) Individual enveloped mature virions (arrows) within the
cytoplasm and groups of viral capsids within a membrane-bound vesicle (arrowheads). (e) Cell with an enlarged nucleus with
marginated chromatin (N) containing viral capsids and cytoplasm with an aggregate of viral capsids (upper left part of the
cell); note lack of plasma membrane surrounding the cell. (f) Nucleus (N) with no nuclear membrane and aggregates of viral
capsids with electron-dense cores (arrowhead) and empty capsids (arrows) surrounded with electron-dense material and ribo-
somes. (g) Viral capsids with electron-dense cores surrounded by a washed-out cytoplasm. (h) Viral capsids in cytoplasm with
electron-dense cores and capsid surrounded by electron-dense material (arrows). Scale bars = (a−d) 500 nm, (e) 1 µm, (f,h) 

250 nm, (g) 500 nm
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major initiator of mass mortality of wild carp related
to CyHV-3 (Garver et al. 2010). Similar to other her-
pesviruses, CyHVs cause latent infections that can
become reactivated by temperature stress, as evi-
denced by CyHV-3 in common carp (St-Hilaire et al.
2005, Eide et al. 2011). It is possible that temperature
stress caused recrudescence from latency to initiate
this outbreak, although it is also possible that sedi-
ment and plankton are a reservoir for the virus within
the ecosystem (Minamoto et al. 2011, Honjo et al.
2012). Viral DNA can persist in water for at least 3 mo
following an outbreak (Minamoto et al. 2009). In the
present study, goldfish were found co-infected with
the bacterium Aero mo nas sobria, although very little
gross and microscopic pathology was attributed to
this bacterium. It is likely that this bacterium is a sec-
ondary opportunist in an already compromised host.
In mortality events in wild carp attributed to CyHV-3,
other pathogens, in clu ding branchial columnaris,
and A. sobria were found along with the virus (Gar -
ver et al. 2010), and mor tality of crucian carp in Italy
involved co-infections with CyHV-2 and A. sobria
(Fichi et al. 2013).

Our study demonstrates that reprocessing forma-
lin-fixed tissue from paraffin blocks has good diag-
nostic potential for identifying herpesviruses. Several
forms of CyHV-2 were present in the cytoplasm and
nucleus at concentrations comparable to tissues pro-
cessed directly from formalin. A major advantage to
this technique is that historical histology collections,
where formalin-fixed tissues and fresh tissues are no
longer available, may be revisited if a viral etiology is
suspected. As evidenced by the ultrastructure of
CyHV-2 virions and cells in this study, a major limi -
tation in tissues processed from paraffin blocks
was that membranes were not preserved in the
 sample, whereas the samples processed directly from
formalin had well-preserved membrane structures.
Cellular membrane preservation was likely lost dur-
ing  histology processing, specifically ethanol de -
hydration and xylene infiltration, prior to fixation
with osmium tetroxide. The virion structures from
pa raffin-embedded samples also measured mar -
ginally less than samples processed directly from
 formalin, likely as a result of shrinkage from routine
histology processing. Cyprinid herpesviral morpho-
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Fig. 4. Carassius auratus. Transmission electron microscopy (TEM) of cells re pro cessed (a−c) from formalin-fixed tissue with
preserved membrane structures and (d−f) from paraffin blocks lacking definition of membranes. (a) An immune cell contain-
ing vacuolated granules (arrows) often containing an electron-dense core; N: nucleus. (b) An eosinophilic granule cell with
typical large electron-dense granules (#). (c) Piecemeal degranulation (arrowheads) of an eosinophilic granule cell within 
an inflamed and necrotic lesion. (d) Similar immune cell from (a), with typical granules (arrows) and lost definition of mem-
brane structures and washed-out cytoplasm. (e) A granulocyte. (f) Gram-negative bacterial rods (#) within the kidney. Scale 

bars = 1 µm
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genesis is a complex process similar to that described
for mammalian herpesviruses. Numerous viral stages
can be observed within the cells including 3 types of
viral capsids in the nucleus and cytoplasm (Miwa et
al. 2007, Wu et al. 2013). All 3 of these capsid types
were observed in tissues processed from formalin-
fixed tissue, whereas the capsid type containing a
concentric linear density was only rarely observed in
samples acquired from paraffin blocks. Similar to
mammalian herpesvirus, CyHV viral capsids are
believed to enter the cytoplasm through the nuclear
membrane and acquire an envelope by budding into
Golgi-derived cytoplasmic vesicles (Miwa et al.
2007). In the present study, mature virions within
membrane enve lopes were seen in tissues processed
directly from formalin, but these stages were not
observed in the tissues processed from paraffin
blocks, due to the inadequate membrane preserva-
tion. It is clear from this study that reprocessing sam-
ples from paraffin blocks will aid in diagnosing
viruses and identifying them to family or genus. Pro-
cessing tissues directly from formalin provided detail
in viral morphogenesis similar to descriptions from
ideally TEM-fixed tissues (Miwa et al. 2007, Wu et al.
2013).

In the present study, the tissues were fixed in 2%
phosphate-buffered glutaraldehyde after 48 h of for-
malin fixation. It is not known how the length of time
in formalin prior to fixation for TEM will affect the tis-
sues, particularly for membrane preservation, as this
was not examined in the present study. It is recom-
mended that if the use of TEM is anticipated at the
onset, then tissues should be primarily fixed in 2%
buffered glutaraldehyde, although due to lack of
foresight for TEM analysis in a clinical setting, it is
recommended to save tissue preserved in NBF. As
suggested by Graham & Orenstein (2007), tissues
should be replaced in a glutaraldehyde fixative as
soon as TEM analysis is anticipated. Graham & Oren-
stein (2007) reported that tissues can remain in glu-
taraldehyde for years without ill effects, but gener-
ally recommended processing the tissues within
1 wk.

The identification of host cells within lesions aids in
understanding the pathogenesis of disease. In the
current study, immune cell types that resembled pre-
viously described Langerhans-like cells (Lovy et al.
2010) were observed in the hematopoietic tissues.
These cells could be identified by their characteristic
granules within the cytoplasm. With the morphology
of these cells having vacuolated structures contain-
ing electron-dense cores, care must be taken to avoid
confusing these structures with CyHVs which con-

tain a capsid with an electron-dense core. The most
distinguishable feature was that virions contained
uniformly sized capsids and electron-dense cores,
whereas Langerhans-like cell granules contained
variously sized vacuoles and electron-dense cores
that were generally larger in size than the virions
(Fig. 4a; Lovy et al. 2010). Although host cells and
granule structures were visible within cells from
 tissues reprocessed from paraffin blocks, the lack
of membrane preservation and the ‘washed out’
appearance of the cytoplasm demonstrated that the
cellular organelles were not reliably fixed, and cellu-
lar interpretation could not be made from tissues pro-
cessed in this manner. Tissues that were processed
after formalin fixation had well-preserved organelles
and cellular granules. Eosinophilic granule cells,
thought to be mediators of inflammation analogous to
mammalian mast cells (Reite & Evensen 2006), were
clearly identifiable, and evidence of piecemeal de -
granulation of the granules was observed within the
lesions. This method of degranulation has been pre-
viously described in EGCs following activation
(Vallejo & Ellis 1989, Powell et al. 1991).

Because glutaraldehyde is more effective at cross-
linking proteins than formalin, it remains the preferred
fixative for ultrastructural cellular obser va tions utiliz-
ing TEM. Ideally, interpretations of cellular patho -
logy should be made on specimens that have under-
gone typical TEM fixation methods. However, for the
purposes of diagnostic pathology, we have demon-
strated that host cell identification can be done when
formalin-fixed tissues are processed for TEM, and
tissues reprocessed from paraffin blocks, while lack-
ing cellular membrane preservation, can still provide
useful information in diagnostic virology. The most
obvious advantage of the latter is being able to go
back to paraffin-embedded tissues, allowing for
analysis of past cases in histological col lections.
While these methods cannot replace ideal fixation
and processing for TEM, they may be particularly
useful in fish kill investigations when tissues were
only fixed in formalin or only tissues in paraffin
blocks are available.
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