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ABSTRAσ. Rabbit hemorrhagic disease virus (RHDV) induced viral fulrrunant hepatitis in adult rabbits. We investigated the damage of 
renal function and electrolyte balance in experim巴ntallyinfected rabbit by measuring the related serum parameters to elucidate the patho-
genesis of RHDV as an index for medical treatment. Ninete巴nNew Zealand White rabbits， ten females and nine males， were each intra-
muscularly inoculated with 0.5 ml 50% rabbit lethal dose (RLD50) rabbit hemorrhagic disease virus. Blood samples w巴recollected at 0 
hr post inoculation (HPI) and every 6 hr from 18 HPI repeatedly through 66 HPI. After virus inoculation， serum blood urea nitrogen 
(BUN)， creatinine (CREA) and sodium (Na+) were elevated to a highly significant level (p<O.OOOI)， wh巴reasserum potassium (K+) was 
moderately el巴vat巴dto a significant level (p<0.05). Hypoglycerrua develop巴dhighly significantly (pく0.0001). Serum chlorid巴 ion
(Cn was the only parameter which did not change significantly (p=0.077). No significant sexual difference was observed among these 
parameters. Renal insufficiency progress巴d仕om36 hr， as indicated by the increases in BUN and CREA; significant changes in elec-
trolytes resulting in the increased osmolality of extracellular fluid that induc巴dflow disturbance which cons巴quentlydestroy the homeo-
stasis in c巴lls.Therefore， the later impairrnents in renal function and electrolyte balanc巴mightbe an important threat for rabbits which 
might have survived 台omacute fulminant hepatitis in RHD. 
KEY WORDS: electrolyte balance， rabbit h巴morrhagicdisease virus， renal insufficiency， serum. 

Rabbit hemorrhagic disease (RHD) was first reported in 

1984 in the Pe⑪ple' s Republic of China [12] and widespread 

worldwide to Europe， Australia， Mexico， North Africa and 
New Zealand in the following years. In 1994， RHD was 

first recognized in Taiwan by Dr. Y. S. Lu through serolog-

ical tests and was characterized by hemagglutination， el巴c-
tron microscopic examination， viral protein analysis and 
RT -PCR in 1998 [20]. The characteristic pathological signs 

for RHD were hemorrhages in the respiratory system， liver， 
spleen， cardiac muscle， and occasionally in the kidneys. 

Incubation period in rabbits is 2 to 3 days， morbidity 

approaches 100%， and mortality is sometimes over 90% in 

adults. The high morbidity and mortality rates have made 

RHD a big出reatfor rabbit industry and also a biological 

control tool for wild rabbit population. The causative virus， 

rabbit hemorrhagic disease virus (RHDV)， was classified 

into the family Caliciviridae. This single-stranded non-

env巴lopeRNA virus has a 7.5-kb genome and a 2.2 kb sub-

genome well packaged in a 27 to 35 nm (in diameter) icosa-

hedral capsid with a major structural protein of about 60 

kDa (VP60)， and 10 peripheral cup-shaped depressions[12， 
20]. The ability to agglutinate human erythrocytes of group 

0， A， B and AB were reported [12， 15，20]. 
Detection by reverse transcriptase-polymerase chain 

reaction (RT-PCR) in a rabbit inoculation model showed 

that the RHDV RNA was present as early as 18 hr post inoc-

ulation (HPI) in the liver and spleen， whereas thymus， kid-
ney， tonsil and Iymph nod巴werefound to be positive after 
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more than 26 HPI [21] or 36 HPI [9]. Liver was considered 

to be the major organ for RHDV replication [8， 10]. 

Changes of liver related serum parameters had been studied 

in severallaboratories [6， 19，23] with suggestion that these 

parameters are good markers for liver change. However， 
chang巴sin renal function and electrolytes balance have not 

been well studied. 

After RHDV infection， the glomerular mesangial cells 

were depleted， and出eintracapillary fibrin occlusion char-

acteristic of disseminated intravascular coagulation (DIC) 

produced severe renal damage [2]. The systemic circulatory 

dysfunction associated with necrotizing hepatitis and DIC 

could result in the death of rabbit [17]. Kidney plays an 

important role in the elimination and conservation of many 

chemical components of the blood. Renal dysfunction may 

alter blood homeostasis and then caused advanced renal dis-

ease. Hence， the impairment of renal function and the 

imbalanced electrolyte also played important roles in mor-

tality. The RHDV infection consistently reproduces clini-

cal， biochemical， and histological features of the fulminant 

Iiver failure syndrome and thus satisfies th巴 criteriafor a 

suitable animal mod巴1[23] for studies associated with 

human hepatitis research. The purpose of this study was to 

investigate the damage of renal functions and electrolyte 

balance by measuring related serum parameters for巴lucidat-

ing the pathogenesis of RHDV as an index for medical treat-

ment. 

MATERIALS AND METHODS 

Animals: Nineteen (9 males and 10 females) 15-week-old 

clinically healthy young New Zealand White rabbits， weigh-
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ing 2.69 :t 0.16 kg， were obtained from National Animal 
Health Research Institute in Taiwan. The rabbits were kept 
in sanitized wired cages and separated by sex. AII were fed 
with commercial dry rabbit feed (Fwu-Sow Industry Co.， 
Taichung， Taiwan，“Laboratory Rabbit" feed) with 19% 
crude protein， 10% crude fiber and 2500 kcallkg metabolic 
energy. None of the rabbits were pr巴viouslyvaccinated 
with RHD-killed vaccine. The rabbits were kept and han-
dled according to the regulations laid down by IACUC 
(lnstitutional Animal Care and Use Committee) of NCHU 
(National Chung Hsing University). 

Virus and inoculation: The RHDV was produced from 
homogeniz巴dliver specimen of a field case， and a 10% sus-
pension was made in 0.01 M phosphat巴ーbufferedsaline. 
The fluid was centrifuged at 7，000 x g for 30 min at 40C and 
then filt巴redthrough 0.22μm filter. Th巴 virussuspension 
was diluted in minimal essential medium into 10-4 to 10-9 

concentration to titrate its infectivity in rabbit， 50% rabbit 
lethal dose (RLDso)， by Reed-恥1uenchmethod. After the 
titration， the experimental subjects were each inoculated 
intramuscularly with 0.5 ml RHDV suspension containing 1 

RLDso・
Pathologic examination: Six randomly selected rabbits 

were sacrificed by electronic stunning at different hr post 
inoculation (HPI) for pathological examination， incIuding 2 
at 18 HPI， 2 at 24 HPI， 1 at 30 HPI and 36 HPI， respectively. 
AII the kidneys and livers were fixed in 10% buffered for-
malin for 24 hr， processed and embedded in paraffin. Sec-
tions of 4μm-thin were cut and stained with h巴matoxylin
and eosin for light microscopic examination. 

Blood sample collection: 2.5 ml of blood were obtained 
from auricular artery at 0 HPI and every 6 hr from 18 HPI 
repeatedly until rabbits died or been sacrificed. Samples in 
syringes without anticoagulant were left at room tempera-
ture for 30 min， and th巴nat 40C for 30 min for serum collec-
tion. Crude sera were then centrifuged at 1，000 x g for 10 
min， and the liquid fraction was harvested for measurements 
of serum parameters. 

Serum parameter tests: For renal functions， serum blood 
urea nitrogen (BUN)， creatinine (CREA) and glucose were 
measured by a spectrophotometric autoanalyzer (7150， 
Hitachi Co.， Tokyo， Japan). The electrolyte concentrations 
of serum sodium (Na+)， potassium (K+)， and chloride (Cn 

were measur巴dby CIBA CORNING Elctrolyte 644 autoan-
alyzer (Ciba Corning Co.， MA， U.S.A.) 

lation Procedure. 

RESULTS 

Pathologic findings: Ten rabbits (779もin13 rabbits) died 
within 46 hr after RHDV inoculation. Rabbits that died 
acutely before 30 HPI showed miDor renallesion and insig-
nificant change in BUN and/or CREA values. Diffuse pin-
point hemorrhagic spots on kidneys of dead or sacrificed 
rabbits at 30， 37 and 46 HPI were observed.“Turkeyegg" 
appeared at 34 HPI and 58 HPI. Congestion， mild to mod-
erate cIoudy swelling and tubular degeneration were found 
through the experimented period. Various degrees of 
cIoudy swelling and fibrin deposition were present in the 
kidneys. Microthrombi in glomeruli could sometimes be 
seen， and acidophilic bodies of hyaline cast were identified. 
Microthrombi that accumulated in small blood vessels were 
also noted. Rabbits that died aft巴r36 HPI had typical DIC 
lesion. Figure 1 shows the rnicroscopic findings of kidneys 
and the related BUN， CREA， K七Cl-，glucose and values. 
Figur巴4shows the progressive changes in microscopic find-
ings of livers. Th巴 necrosisof the hepatocytes spread pre-
dominantly from the portal trial， while massive or sub-
massive hepatic necrosis was seen in all Iiver areas， mainly 
at the periphery of the lobules. Figure 4A demonstrated the 
degeneration and necrosis of hepatocytes and congestion at 
portal area. Fatty change at portal area was observed at 37 
HPI (Fig. 4B). Massive necrosis close to central vein 
appeared at 45 HPI (Fig. 4C). MononucIear cell infiltration 
at po代alarea was found in the liver of the rabbit that be sac-
rificed at 66 HPI (Fig. 4D). 

BUN and CREA: The BUN and CREA increased signifi-
cantly and elevated with similar trend (Figs. 2A， 2B). Sig-
nificant elevation (pく0.05vs. baseline) appeared at 36 HPI 
for BUN and 42 HPI for CREA. Frequency distribution 
revealed that the time which 100% rabbits had values over 
the maximal value of OHPI (normal value) were 36 HPI for 
BUN and 42 HPI for CREA (Figs. 3A， 3B). In comparison 
with the means at baseline (0 HPI)， the peak increment was 
3.4 folds higher at 66 HPI for BUN and 2.9 folds at 54 HPI 
for CREA. Although the means of BUN and CREA were 
higher than the baseline in rabbits prior to death， the surviv-
ing 3 rabbits (survived over 58 HPI) had even higher means 
prior to sacrifice (Table 1). The BUN/CREA ratio also ele-
vated significantly with peak increment at 60 HPI (Fig. 2C). 
No sexual difference was observed. 

Glucose: S巴rumglucose concentration diminish巴dfrom 
24 HPI (Fig. 2E). The significant dec 
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Fig. 1. Changes of the ffiicroscopic findings in kidney specimens at different hr post inoculation. (A) Moderate vacuolar degeneration. 
Died at 32 HPI wi出 BUN=39.3mg/dL， C阻 A=2.6町ザdL，K+= 5.55 mEqι Cl-=102.9 mEqlL and glucose=42.9 mgldL， H&E s凶 n.
Bar= 25μm. (B) Disserninated intravascular coagulation (DIC). Died at 37 HPI wi出 BUN=22.4mg/dL， CREA=1.9 mg/dl， K+=2.27 
mEqlL， CI一=1 0 1.6 mEqlL and glucose=46.1 mg/dL， H&E st幻n.Bar=25μm. (C) Cast accumulation. Died at 45 HPI with BUN= 86.2 
mgldl， CREA=9 mgldl， K+= 1 0.1 mEqIL， Cl-=92.4 mEqlL and glucose=29.8 mgldl， H&E stain. Bar=25μm. (D) Tubular cloudy 
swelling. Killed at 66 HPI with BUN=45.2 mg/dl， CREA=2.3 mgldl， K+=3.89 mEqlL， Cl-=96.6 mEqlL and glucos巴=139.3mgldl， 
H&Es凶 n.Bar= 25μm 

glucose values appeared at 36 HPI (26.5 mg/dl， 54.2 mg/dl 

and 57.4 mg/dl) and then restored to norrnal range from 42 
HPI through the end of the experiment. No sexual differ-

ence was obs巴rved.

Electrolytes: For electrolytes， changes in Na+ and K+ 

reach巴dsignificant level， whereas the change in C¥-was 

insignificant (Figs. 2F， 20， 2H). Frequency distribution 

indicated that the percentage of rabbits with serum Na+ over 

145 mEq/l incr巴asedat 30 through 54 HPI (Fig. 3C). 
Hypokalemia (value lower than the normal range: 3.45 

mEq/l) developed first at 18 HPI until 24 HPI (in 95% and 

58% rabbits， respectively). Then hyperkalemia developed 

(serum levels higher than the normal range: 4.47 mEq/l) 
from 30 HPI through 48HPI (Figs. 20， 3C) which was the 
period that massive mortality occurred. The 10 rabbits that 
died had significantly higher mean Na+ and K+ levels than 

the surviving ones (Table 1). 

Osmolality was conventionally calculated using th巴 for-

mula mOsmlkg=1.86 [Nが+K+(mmol/l)] + [glucose (mg/ 

dl)+18] + [BUN (mg/dl)+2.8] in samples with either 

increased glucose or BUN concentration [11]. After RHDV 

infection， the osmolality elevated constantly from 18 HPI 

through the end of th巴experiment.Significant hyperosmo-

lality appeared at 36 HPI (Fig. 2D) with Osmolal gap valu巴s

> 20 mOsmlkg， and peaked at 54 HPI with Osmolal gap val-

ues > 27 mOsmlkg. The mean of surviving rabbits was 
higher than the dead ones (Table 1). 

Correlation coefficient analysis among parameters: 

Among all parameters measured in this study， only CREA 

values significantly and positively correlated with BUN val-

ues at baseline (r=0.54667， p=0.0154). After RHDV infec-

tion， the serum concentrations of CREA， Na+， and K+ were 

significantly and positively correlated with BUN and C¥-
negatively (Table 2). The changes ofCREA correlat巴dwith 

BUN better as indicated with higher correlation coefficient 

and R-squared. During this acute infection of RHDV， 
change in serum Na+ correlated with all the other parame-

ters. Th巴 K+was correlated with CREA better than with 
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Fig. 2. Changes of the renal and electrolyt巴 relatedserum parameters at each time point (hr post-inoculation) after RHD virus inoculauon 
Fig. 21 showed the number of the rabbits sampled at each time point. *: p<O.05 vs baseline value. 

BUN. 

DISCUSSION 

CREA in correlation analysis (Tabl巴 1). The increases in 
BUN and CREA concentrations conform to the study of 
Ferreira [7]. The significant elevation of BUN and Osmola-
lity were presented at 36 HPI with the appearance of DIC in 
lodney specimens. Th巴increasein BUN levels was 6 hr ear-
lier than CREA and might be due to the increase in catabo-
lism caused by fever and infection， because CREA is not 
usually significantly affected by catabolic factors [11]. The 
significant increases in BUN and CREA were later (at 36 
HPI and 42 HPI) than the increase of ALT and AST in our 
previous study (at 24HPI and 18HPI)， which res巴mbledthe 
finding of others in which RHDV RNA presents as early as 

BUN and CREA are preliminary indices of glomerular 
filtration. Consistent elevation of BUN levels occurs only 
when the renal function， specifically the glomerular filtra-
tion rate (GFR)， is reduced by 40 to 60 percent [22]. In this 
study， renal function impai汀nentwas demonstrated by the 
elevation of BUN and CREA. As with BUN， the reduced 
GFR increases the serum concentration of CREA [13]， 

which explained the strongest correlation of BUN ~ith 
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Fig.3. Changes of the frequency distribution in BUN， CREA， 

glucose， N+ and K+ at each time point (hr post-inoculation; 
PHI) after RHD virus inoculation. 

18 HP1 in the liver but at 26 HP1 or later in kidney [9， 21] 
All these results suggested that the renal impairment in 

RHD might be secondary to hepatic injury. The replication 

of RHDV occurr巴donly in hepatocytes， Kupffer cells and 

splenic and alveolar macrophages [1， 10]， suggesting that 

macrophage migration and巴ff1uxof hepatic cell d巴bris

might contribute to the dissemination of RHDV from Iiver 
to kidney. 

Serum BUN/CREA ratio increased， because of urea re-
absorption is increasing relative to an overall reduction in 

blood f10w through the kidney. This has been suggested to 

be of value in the differential diagnosis of azotemia because 

of differences in tubular re-absorption and diffusion rates， 
due to th巴effectsof diet and protein metabolism on the two 

compounds [11]. The increase of BUN/CREA ratio 

revealed that the glomerular filtration function was dam-

aged more severely than the re-absorption function. The 

elevations in BUN， CREA and BUN/CREA ratio fulfill the 

criteria of the developing of pre-renal acute renal failure [4]. 

The impairrnent of secretary function of kidney facilitated 

the dev巴lopmentof hyperkalemia， which was supported by 
the results that the change of K+ was more strongly corre-

lated with BUN and CREA than Na+ (Table 2). Following 

the disease progression， the numb巴rof rabbits with CREA 

over 3 mg/dl increased from 24 HP1 (6%， n= 17) through 

42HP1 (67%， n=6) (Fig. 3B)， along with hyperkalemia 

development and DIC found in pathologic examination. AII 

thes巴 threechanges suggested the development of tubular 

injury. This finding is consistent with the apoptosis of tubu-

lar cells in kidney at late post-infection period [2]. 

The Na+ concentration determines the osmotic pressure 

of extracellular f1uid (ECF)， and K+ det巴rminesthe intracel-

lular f1uid (1CF) osmolality. Poor water intake after infec-

tion might induce dehydration heading to elevate serum Na+ 

in the rabbits. The loss of cell membrane integrity (as mas-

sive h巴paticn巴crosisin RHD here) produces efflux of K+ 

from 1CF to the ECF. Normally， most of the excess K+ is 
excreted in urine (kaliuresis) [11] when renal function was 

efficient. 1n this study， serum K+ decreased at 18 HP1 and 

24 HP1 first when the renal function was sti¥l effective. 

However， following the decrease in renal function (BUN 
significantly巴levatedat 36 HP1)， excess K+ would b巴

retained instead of excreted in the urine. Additionally， the 
induced severe hepatic necrosis might release of a large 

amount of K+ resulting in hyperkalemia. Hyperkalemia can 

lead to Iife-threatening cardiac conduction abnormality that 
is bradycardia [11] and also resulted in DIC. 

Osmolality is the number of solute particles per unit 

weight of solution and about equal to osmolarity. For most 

calculations， the Osmolal gap， numerical difference 
between osmolality， ranges from -5 to 15 mOsmlkg [11]. 1n 
this study， the significant increas巴 inthree effecti ve 

osmoles， Na+， K+ and BUN， produced significant hyperos-
molality at 36 HP1 (Fig. 2D) with Osmolal gap values > 20 
mOsmlkg. Consequently， the internal bala 
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Fig.4. Changes of the microscopic findings in liver specimens at di仔'erenthr post inoculation. (A) Oegeneration and necrosis of hepato-
cytes and congestion at portal area. Oied at 32 HPI. H&E stain. Bar=50μm. (B) Fatty change at poロalarea. Oied at 37 HPI. H&E stain. 
Bar=50μm. (C) Necrosis c10se to central vein. Oied at 45 HPI. H&E stain. Bar=50μm. (0) Mononuclear cell infiltration at po口alarea. 
Be sacrificed at 66 HPI. H&E stain. Bar=50μm. 

Table 1. The concentrations of serum param巴tersin RHO rabbits prior to death 

Param巴ter BUN CREA NA+ K+ mOsm glucose 

Unit mg/dl mg!dl mmoVI mEq/1 mOsmlkg mg/dl 

Normal range (NR) 14.7-27.8 1.2-1.9 131.3-153.5 3.48-4.47 262.62-303.2 64.2-125.7 

Oied(n=IO) 
>NR (%)ホ: 80% 90% 20% 60% 40% 0% 
mean士SO 45.2土19.3 3.96士2.17 148.7:t 5.1 5.94:t 2.91 300.7士18.6 25.3士10.8

Sacrificed (n=3) 
>NR (%)*: 100% 100% 0% 33% 67% 100% 
mean土SO 75.7 :t 26.7 4.87士2.89 140.5:t 3.4 4.37土0.45 304.3:t 16.6 141.6:t 15.0 

Significance p=0.0481 p=0.5643 p=0.0250 p=0.3839 p=0.7663 Pく0.0001

* Frequency of rabbits with individual value higher than normal range (NR) of baseline valu巴

continuously digested in the intestine throughout this fasted 

period [24]. In view of the big individual variation， th巴

mean of serum glucose concentration was relatively norrnal. 

Even at 30 HPI， the lowest mean values (51.72:t 21.74 mg/ 
dl) was still over 50 mg/dl. After calculating the frequency 
distribution， it was suggested that all rabbits that died (Tatle 

1) had values below 50 mg/ml before dying. Marked deple-

tion of Iiver glycogen seen by transmission electron micros-
copy was found in late stage of RHD infection [6]， 

representing destruction of small endoplasmic reticulum 

system and resulted in the impairment of the detoxification 

ability of liver. ln addition to the destruction of hepatocytes 
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Table 2. Corr巴lationanalysis among serum parameters in RHDV 
infected New Zealand White rabbits in 66 hr 

CREA Na K CI 

BUN R2 0.8078 0.0332 0.1021 0.1400 
0.8864 0.2795 0.4592 ---D.3926 

p <0.0001 0.0073 <0.0001 0.0001 

Na K CI 

CREA R2 0.0133 0.1038 0.2234 
0.3201 0.5923 ---D.47975 

p 0.0020 <0.0001 <0.0001 

R2: R-squared，戸Pearsoncorrelation coefficients， p= Probability 

for insufficient functional cells to carry out efficient glyco-

gen storage and gluconeogenesis [4]， loss of appetite also 
contributed to the severe hypoglycemia. Since the brain 

relies on glucose as its primary energy source， hypoglyce-

mia thus elicits symptoms related to altered cerebral func-

tion. Therefore， coma developed cIinically followed by 
death. 

The RHDV infection reproduces cIinical， biochemical， 
and histological features of the fulminant liver failure syn-

drome and satisfies criteria for suitable animal model [23]. 

Study on the vaccination and treatment of RHD might con-

tribute greatly in human viral fulminant hepatitis therapy. 

Nephropathy is also associated with human hepatitis virus 

[3， 18]. Jn the present study， RHDV infection resulted in 

renal dysfunction following the progr巴ssionof liver injury 

(Figs. 4A-D). lt is thus suggested that BUN and CREA are 

proper parameters for rabbit renal function monitoring after 

RHDV infection. Although renal insufficiency， as sug-

gested by the increases in BUN and CREA， did not appear 
to attribute to the coma or death in rabbits without hyper-

kalemia or hypoglycemia， the consequent significant change 
in electrolytes resulted in出巴 increaseof ECF osmolality 

and f10w disturbance that destroyed homeostasis in cells 

might play an important rol巴 incausing the death. Fulmi-

nant liver disease is regarded as a group of systemic diseases 

with the main focus of illness in th巴 liver，rather than a spe-

cific disease of a single organ， th巴liver[16]. Therefore， the 

later impairments in renal function and electrolyte balance 

might b巴 animportant threat for rabbits which survived 

from acute fulminant hepatitis in RHD， and the measure-

ments of renal function and electrolytes as well as liver 

functional parameters for monitoring the progression in a 

fulminant viral hepatitis as an index for treatment are neces-

S紅 y
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