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Abstract

Sialodacryoadenitis (SDA) is a highly contagious common viral infection in rats, akin to mumps in humans. Anorexia occurs during such

viral infection. But the pattern of the decrease in food intake (a decrease in either meal size and meal number or both) during spontaneous

viral infection has not been previously characterized. We observed the onset of anorexia and an abnormal feeding pattern during an

opportunistic SDA viral infection in our rat colony. We thus studied seven male rats. Before the viral infection there was a positive association

between food intake and meal number ( P < .05). After infection food intake decreased by 68%. This occurred via a significant decrease in

meal size (by 69%) ( P < .05); and a nonsignificant decrease in meal number (P = .71). This pattern of decreased food intake is similar to that

occurring during indomethacin-induced ulcerative ileitis, where we previously measured an increase in plasma tumor-necrosis factor (TNF)-

a. Anorexia in response to bacterial lipopolysaccharide administration, which is also linked to plasma TNF-a, is however, caused only via a

decrease in meal number. The differences in the decrease in the feeding pattern between the SDA viral and a bacterial infection suggest that

factors other than TNF-a alone play a significant role in the mechanism of anorexia during a viral infection. D 2001 Elsevier Science Inc. All

rights reserved.
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1. Introduction

Anorexia occurs during acute and chronic diseases. In an

acute infectious disease, anorexia can be rationalized to

provide some beneficial effect: metabolic switch to hepatic

acute phase protein synthesis, rest of gastrointestinal tract or

prevention of bacterial growth via reduced availability of

nutrients essential for microorganisms [1], resulting in better

prognosis [1]. In a chronic disease such as cancer, the

chronicity of anorexia leads to malnutrition, body weight

loss and eventually cachexia [2]. The mechanism(s) of

anorexia is multifactorial and includes both peripheral and

central factors [3], which await further identification.

Daily food intake (FI) is a function of meal size (MZ)

and meal number (MN; FIf MZ�MN), which constitute

feeding pattern. Under normal conditions, the constancy of

daily food intake is maintained via a reciprocal change in

meal size and meal number. This suggests that meal size and

meal number be regulated independently via closely coor-

dinated systems [4±6]. Under pathological conditions, a

reduction of food intake occurs via a reduction of either

meal size or meal number or both, thus providing insights

into the etiology and the possible mechanisms of the

pathogenesis of eating behavior [6]. An Automated Com-

puterized Rat Eater Meter (ACREM; [7]), which measures

individual meal size and meal number as well as food intake

for prolonged periods, provides us with the ability to

characterize the biological manifestations associated with

feeding behavior including anorexia.

Sialodacryoadenitis (SDA) is a common short-lived

acute infection in rats caused by a coronavirus, and is akin

to mumps in humans. It is highly contagious among rats and

spreads by the respiratory route [8]. SDA has a high

morbidity but usually a low mortality with mild clinical

signs: squinting, photophobia, blinking, sneezing, and/or
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swelling under the neck caused by either edema, enlarged

cervical lymph node, or inflamed salivary glands. Normally

rats recover within 1 week [8]. Anorexia during an influenza

virus-induced infection was previously documented [9±11],

but the feeding pattern during a similar viral infection has

not been previously reported.

An opportunistic SDA viral infection occurred in our

male Fischer-344 rat colony and provided the spontaneous

opportunity to measure and document changes in the feed-

ing pattern with the ensuring anorexia. Our data provide

further insight for understanding the mechanism(s) of anor-

exia and its associated changes in feeding pattern during an

acute viral infection.

2. Materials and methods

2.1. Animals

Male Fischer-344 rats (Taconic, Georgetown, NY), with

a purchase weight of 230 g, were housed in holding cages

for 7 days to acclimate them to the constant study surround-

ings; 12-h light/dark cycle (lights on 0500 ± 1700 h),

26 � 1°C room temperature, and 45% relative humidity. Rats

had free access to fresh coarsely ground chow (Diet #5008;

RalstonPurina, St. Louis, MO) and tap water.

2.2. Feeding pattern measurement

When the outbreak of an SDA viral infection in the rat

colony was first suspected, seven acclimated and apparently

healthy rats were placed in the ACREM cages whose

function was previously described in detail [7]. The

ACREM continuously measures meal size, meal number,

and food intake for a prolonged period, without precondi-

tioning or pretraining the rats. Food access, via a feeding

tunnel, is monitored via photocells. Food consumption is

measured via an electronic scale. Both data are integrated in

real-time and continuously recorded during successive light/

dark cycles. A meal was defined as a bite or a series of bites

preceded and followed by at least 5 min of feeding inactiv-

ity. Body weight was measured daily. The rats were studied

until they appeared to have clinically recovered from the

SDA viral infection.

2.3. Confirmation of the presence of virus infection

During 10 days of feeding pattern measurement, food

intake dramatically decreased when the rats become clini-

cally symptomatic. At the same time, three other rats (the

same age and the same body weight) in the same colony

room were randomly selected and were euthanized using

carbon dioxide. Blood was immediately collected via

cardiac puncture, and serum was obtained and stored in

ÿ 20°C. Serologic testing (Charles River Lab, Wilmington,

MA) was performed via enzyme-linked immunosorbent

assay (ELISA) for the following viruses: SDA virus/rat

coronavirus, Sendai virus, pneumonia virus of mice, Kil-

ham rat virus, Toolan's H-1 virus, mouse polio virus,

reovirus type 3, mycoplasma pulmonis, lymphocytic chor-

iomeningitis virus, mouse adenovirus FL/K87, and rat

parvovirus NS-1. In addition, because the specificity of

ELISA is slightly low, immunofluorescent antibody testing

was performed for the SDA virus. We also performed

bedding contact surveillance to confirm the presence of

the SDA viral infection in the colony.

2.4. Statistical analysis

Because the time at which initial infection occurred in

each rat could not be detected, data were synchronized on

the day (defined as Day 0) when their food intake

decreased by 30% of their average daily food intake before

clinical infection. Data are shown from Days ÿ 5 to 7 for

body weight and from Days ÿ 4 to 6 for food intake, meal

size, and meal number. Data of food intake, meal size, and

meal number were analyzed via one-way ANOVA and as a

post hoc test using paired t test between the average value

and each value on each day. We calculated the correlation

between food intake and meal size or food intake and meal

number before and after infection using Pearson correlation

coefficient to determine their association. The P value is

calculated to test the null hypothesis that there is no

correlation between food intake and meal size or food

intake and meal number. Because body weight continu-

ously increased from Days ÿ 5 to 0 and then started to

decrease from Day 1, body weight after Day 1 was

compared with that on Day 0 via paired t test. Data

indicate mean � standard error. A P value less than .05

was accepted as significant.

3. Results

3.1. Clinical sign and body weight

Enlarged lymph nodes were palpated in the neck in all

rats. No rat died. As shown in Fig. 1, body weight from

Days ÿ 5 to 0 continuously increased, but from Days 1 to 7,

body weight was significantly decreased as compared with

that on Day 0.

3.2. Food intake, meal size, and meal number

As shown in Fig. 2a, food intake was significantly

decreased from Days ÿ 2 to 5. This decrease in food intake

occurred primarily via a decrease in food intake during light

phase, followed thereafter by a decrease in food intake

during dark phase after Day 1. Food intake during light

phase recovered faster than that during dark phase (data not

shown). Food intake reached nadir on Day 1 (32.2 � 11.8%
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relative to baseline). Finally, food intake returned to the

average value on Day 6. Before the viral infection, there was
a positive association between food intake and meal number

( P < .05). As shown in Fig. 2b, meal size started to decrease

on Day 0, and significantly decreased from Days 1 to 4.

After infection, food intake decreased by 68%. This

occurred via a significant decrease in meal size ( P < .05),

while meal number decreased nonsignificantly (P= .71).

Similarly to food intake data, meal size reached nadir

on Day 1 (31.5 � 5.2% relative to baseline). There was

no difference in meal size findings between the light and

dark phases. As shown in Fig. 2c, meal number from

Days ÿ 4 to 6 did not significantly decrease. The

maximum decrease in meal number occurred on Day 0

(78.0 � 13.8% relative to baseline; P= .06). Meal number

during light phase on Days ÿ 2 and ÿ 1 decreased

significantly, but it was offset by an increase in meal

number during dark phase. During recovery, meal num-

ber slightly increased predominantly via an increase in

meal number during light phase (data not shown).

3.3. The presence of SDA virus

Bedding contact surveillance of rats showed positive

results for the SDA virus. As summarized in Table 1,

serologic testing also showed positive results only for the

SDA virus both in ELISA and immunofluorescent antibody

testing and showed negative results for all the other

viruses. After confirmation of the presence of the SDA

viral infection, all rats in our colony were euthanized using

carbon dioxide.

4. Discussion

Although we measured serologic testing in only three

rats in the same colony, the highly contagious nature of the

SDA virus and the fact that all rats eventually developed

Fig. 2. Daily food intake, meal size, and meal number before and during the

SDA viral infection. Dotted lines indicate baseline. Asterisks (*) indicate a

P value less than .05 vs. baseline.

Table 1

Result of serologic testing of rats

Method Agent Rat #1 Rat #2 Rat #3

ELISA SDA/RCV + + +

IFA SDA/RCV + + +

ELISA SEND ÿ ÿ ÿ
ELISA PVN ÿ ÿ ÿ
ELISA KRV ÿ ÿ ÿ
ELISA H-1 ÿ ÿ ÿ
ELISA GD-7 ÿ ÿ ÿ
ELISA REO-3 ÿ ÿ ÿ
ELISA MPUL ÿ ÿ ÿ
ELISA LCMV ÿ ÿ ÿ
ELISA MAD ÿ ÿ ÿ
ELISA RPV NS1 ÿ ÿ ÿ

ELISA: enzyme-linked immunosorbent assay; IFA: immunofluorescent

antibody; SDA/RCA: sialodacryoadenitis virus/rat coronavirus; SEND:

Sendai Virus; PVM: pneumonia virus of mice; KRV: Kilham rat virus; H-1:

Toolan's H-1 Virus; GD-7: mouse polio virus; REO-3: reovirus type 3;

MPUL: mycoplasma pulmonis; LCMV: lymphocytic choriomeningitis

virus; MAD: mouse adenovirus FL/K87; RPV NS1: rat parvovirus NS-1.

Fig. 1. Body weight change during the SDA viral infection. Asterisks (*)

indicate a P value less than .05 vs. Day 0, which is defined as the day of

clinical manifestation of the viral infection.
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symptoms and signs of infection left little doubt that all rats

in our colony (n = 62), including those in the ACREM,

developed the viral infection.

To our knowledge, these data presented here are the first

demonstration of abnormal feeding patterns during an SDA

viral infection. Our data showed that anorexia during the

SDA viral infection occurred predominantly via a decrease

in meal size. Meal number did not decrease significantly,

and did not simultaneously increase in a compensatory

manner, in an attempt to maintain constancy of food intake,

so consequently, food intake decreased, which was asso-

ciated with body weight loss.

An approximation of the amount of weight loss due to

the decreased food intake can be determined based on the

following calculations in which the metabolizable energy of

the food is 3.31 kcal/g (Purina Formulab Diet #5008). The

average decrease in food intake per rat was about 6.4 g/day.

This calculates to an average decrease of 21.2 kcal/day/rat.

For maintenance, a rat needs approximately 110 kcal/kg0.75/

day [12], which corresponds to 40.6 kcal/day for the average

rat in this study which weighed 265 g. The rats started out

eating an average of 17 g/day, which equals 37.3 kcal/day.

The difference is probably attributable to errors inherent in

averaging both the animal weights and food intake. Over the

10-day period of decreased intake, this was reduced by 21.2

kcal/day to an average intake of 16 kcal/day. Since they

require about 40 kcal/day and they were taking in 16 kcal/

day, there was a net loss of 24 kcal/day. Conversion of

protein, fats, and carbohydrates produces an average gain of

approximately 6.4 kcal/g [13]. This roughly corresponds to

an average weight loss of about 3.75 g/day or 37.5 g/rat over

the 10-day period of decreased intake. It appears that the

average rat lost approximately 30 g; the difference being

attributable to averaging variable of animals, imprecision in

the calculations, and other factors that make this only an

estimation. It would appear that the entire loss of body

weight could be accounted for by the decrease in food

intake, although other unmeasured factors (such as changes

in metabolic requirements) were not examined.

Furthermore, there was a difference in the pattern of the

decrease and the recovery in food intake and meal number

between light and dark phases. The different pattern in the

dynamics of meal size and meal number suggests that meal

size and meal number be regulated independently via

different systems [6].

This pattern of food intake decrease is different from that

which occurs during the anorexia of bacterial lipopolysac-

charide (LPS)-induced infections [14±16] or in cancer [17].

But, it is similar to that of anorexia of indomethacin-induced

ulcerative ileitis, where we previously measured an increase

in plasma tumor-necrosis factor (TNF)-a [18]. The SDA

virus belongs to the coronavirus family, which has been

documented to increase TNF-a [19]. Pentoxifylline (an anti-

TNF-a agent) inhibits TNF-a induced hypophagia [20]. It is

interesting to note that with recovery from the SDA viral

infection, meal number slightly increased. This pattern of

recovery may represent the process of normalization of food

intake during the recovery period after human viral infec-

tion, such as mumps or influenza.

During an SDA viral infection, inflamed salivary glands

and/or swollen neck lymph nodes occur. Hence, the

observed decrease in meal size could be influenced via

mechanical obstruction or diminished salivary secretion.

However, under normal conditions, a decrease in either

meal size and meal number is offset by an increase in the

other to maintain the constancy of daily food intake. Thus,

the lack of a compensatory increase in meal number during

the SDA viral infection might indicate abnormal and

impaired feeding behavior.

In anorexia of acute and chronic diseases, various cyto-

kines [e.g., TNF-a, interleukin (IL)-1, IL-2, IL-6, IL-8,

interferon (IFN), etc.] alone or synergistically play a sig-

nificant role [3,21,22]. During bacterial and viral infections,

microbial products such as bacterial cell wall compounds

[e.g., LPS and muramyl dipeptide (MDP)], microbial nuclei

acids (e.g., bacterial DNA and viral double-stranded RNA)

and viral glycoproteins stimulate the host's acute phase

response [14,15,23±25]. These cytokines act directly or

indirectly on the hypothalamus [21,26,27].

Previously we reported that in food-deprived rats,

changes in dopamine concentration in the lateral hypotha-

lamic area (LHA) positively correlated with changes in meal

size [28,29], while those in the ventromedial nucleus in the

hypothalamus (VMN) negatively corresponded to intermeal

interval, and thus influenced meal number [30,31]. In the

septic rat model, induced by cecal ligation and puncture,

dopamine concentration in the VMN progressively

decreased and this reduction of dopamine concentration

was associated with anorexia [27]. Hence, cytokines,

induced by microbial products, may influence anorexia

and feeding patterns via changes in the concentration of

hypothalamic dopamine [32], among other neuromediators.

Anorexia, both induced by peripheral IL-1a injection

and in methylcholanthrene-induced sarcoma-bearing male

Fischer-344 rats, was produced by predominantly an initial

decrease in meal number, followed a day later by a decrease

in meal size [17,33]. While anorexia, induced by LPS or

MDP, derived from the cell wall of gram-negative or -

positive bacteria, respectively, was produced by only a

decrease in meal number; meal size was not affected [14±

16]. The mechanisms of anorexia induced by these bacterial

products are similar [14,15], and TNF-a has been repeatedly

shown to play a significant role in the mechanisms of

anorexia during bacterial infection [10,16].

It appears that gender differences exist in the acute phase

response [34]. Previously, we reported that in female Lewis

rats with indomethacin-induced ulcerative ileitis, food

intake decreased mainly via a decrease in meal size and to

a lesser extent via a decrease in meal number [18]. This

decrease in meal size correlated negatively with plasma

TNF-a [18]. Even when considering difference in gender

and rat strain, the changes in food intake and feeding pattern
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between the SDA viral infection and the indomethacin-

induced ulcerative ileitis model is similar. These changes

have not been previously observed in the other rat models in

both genders (e.g., in MCA sarcoma-bearing female

Fischer-344 rat model, food intake decreases only via a

decrease in meal number; [35]). Thus, the similarity in

pattern of decreased food intake during the SDA viral

infection and that during indomethacin-induced ulcerative

ileitis, suggests a mechanistic link between viral infection,

TNF-a, and anorexia. Furthermore, data that an infection

with the influenza virus is associated with increased TNF-a
activity in lung lavage fluid of male Swiss±Webster mice

[11], and the manifestation of severe anorexia even in IL-1b-

deficient mice [10], suggest a significant and limited role of

TNF-a and IL-1b in anorexia during a viral infection,

respectively.

Although the mechanism of anorexia during bacterial and

viral infection is linked to TNF-a, the difference in feeding

pattern between the SDA viral infection and a bacterial

infection suggests involvement of factors, other than TNF-a
and IL-1b during these infections. Thus, during an SDA

virus infection, additional cytokines, such as IL-2, IL-6, IL-

8, and/or IFN, may play a contributory role in decreasing

food intake [3,11]. Particularly, a recent study suggests a

role for IFN-g in causing hypophagia and hypermetabolism

during infection [36]. Since these cytokines act on the

hypothalamus to modulate food intake and feeding beha-

vior, they might have a direct or an indirect influence on the

LHA to decrease meal size and on the VMN to inhibit a

compensatory increase in meal number during the SDA

virus infection.
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