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biliary pigment is derived from sources other 
than hemoglobin produced by the breakdown 
of the erythrocytes in the blood stream. This 
is believed to be due to a normal existence of 
a certain degree of what has been called in- 
effective erythropoiesis. It is conceivable that 
this ineffective erythropoiesis can be increased 
in the polycythemia of the high altitude. 

Actually the finding described by Merino 
( 2 )  of an increment in the plasma bilirubin 
and in the excretion of fecal urobilinogen dur- 
ing the first and second weeks of exposure to a 
sea level environment in subjects brought 
down from high altitudes can be explained on 
this basis rather than on the basis of an ab- 
normal red cell destruction. Reynafarje’s find- 
ings( 15) of a normal red cell survival by the 
radioactive chromium method in a group of 
subjects residents at the high altitude after 
descent to sea level seem to support this 
point of view. 

We believe that the study of the degree of 
this ineffective erythropoiesis in the polycythe- 
mia of the high altitude can explain the incre- 
ment of plasma bilirubin seen in natives 
residing at high altitude. 

Summary. I n  19 healthy natives living at 
high altitude, the 24-hour urine excretion of 
glucuronic acid before and after ingestion of 
4 g of salicylamide was measured. No sig- 
nificant difference was found in the amount 
of salicylamide glucuronide excreted by the 

subjects of this group when compared with 
the amounts excreted by a control group. 

Our results are compared with the work of 
other authors and the probable mechanisms of 
this indirect hyperbilirubinemia are discussed. 
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Several hepatitis outbreaks have been im- 
plicated with consumption of raw shellfish 
( 1-4), This finding prompted controlled stud- 
ies in various laboratories. Hedstrom and 
Lycke ( 5 )  showed that the European oysters, 
Ostrea edulis, were capable of picking up sig- 
nificant amounts of poliovirus from their en- 
vironmental seawater. Metcalf and Stiles( 6)  

* Contribution No. 18 from this Center, 

found the Eastern oysters, Crassostrea vir- 
ginica, equally efficient in doing so. It is 
felt that since these workers used only sta- 
tionary seawater aquaria, viral uptake by 
shellfish in their experiments did not exceed 
those’ present originally in seawater. By using 
an aquarium supplied with seawater running 
through, Mitchell et aZ( 7 )  demonstrated that 
Eastern oysters were able to concentrate 
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poliovirus to 10-60 times that present in sur- 
rounding water. Our previous communication 
(8) on the Northern quahaugs, Mercenaria 
mercenaria, in a stationary water system es- 
sentially confirmed Metcalf and Stiles, In a 
later report(9), however, it was shown that 
quahaugs could also pick up greater amounts 
of virus when polluted in a running-water 
system. All available evidence points up to 
the possibility that shellfish may serve as 
potential vectors in transmitting human en- 
teric viruses, but i t  is felt that some links 
are missing between available experimental 
data and those occurring in natural condi- 
tions. The present study concerns basic phe- 
nomena involved in viral pollution of shellfish. 
A strain of attenuated poliovirus and the 
Northern quahaugs were used as working 
models. Three particular aspects have been 
investigated: (a) Relation between levels of 
viral pollution of surrounding water and de- 
gree of shellfish contamination. (b) Patterns 
of viral pollution of shellfish in simulated 
natural environment. (c) Basic mechanism 
by which shellfish pick up  virus from environ- 
ment. 

Materials and methods. Virus. LSc 2 ab 
strain of type I poliovirus was used through- 
out experiments. Stock virus used was grown 
in African Green Monkey kidney (MK) tis- 
sue culture (TC) and kindly supplied by 
Lederle Research Laboratories, American 
Cyanamid Co., Inc. Properties of this virus 
have been described (8) .  

Tissue culture. Primary African Green 
MKTC cells were used throughout experi- 
ments. I’rocedures for trypsinization and 
preparation of 3-ounce prescription bottles 
were essentially those described by Hsiung 

Plaque assay. General procedures used 
were those described by Hsiung and Melnick 

SheZZfish. The Northern quahaugs, hard 
clams, used in all experiments were of com- 
mercial size for ‘cherry stone’ in restaurants. 
With shells each shellfish weighed 100 +- 10 
g and was approximately 2.5 X 3 inches in 
size. Conditions of shellfish and procedures 
for preparation of homogenates have been 
described { 8) 

(10). 

(11)- 

Experimental aquarium. Seawater used for 
experiments was continuously pumped from 
Narragansett Bay, R. I., into a 900-gallon 
balance tank in a wet laboratory and excess 
seawater was returned to bay. Water flow, 
from near the bottom of tank, was regulated 
by a polyvinyl chloride ball valve. All water 
contact surface in the entire system was non- 
metallic. Seawater from the gravity feed tank 
first passed through a heat exchanger which 
maintained water temperature at  approxi- 
mately 15-20°C. The water then passed 
through a Purdy type of UV treatment unit 
(12) to a mixing box of 6 x 7 x 12 inches 
where virus was added to inflowing seawater 
by a diaphragm pump and was thoroughly 
mixed with the water by going through sev- 
eral baffles in the box. Virus contaminated 
seawater flowed into the experimental aquar- 
ium a t  a rate of 2 liter/min. Each aquarium 
was 1 X 1 x 2 feet in size, and made of 
wood with polyvinyl chloride lining. Func- 
tional capacity of each aquarium was ap- 
proximately 54 liters. At the above flow rate, 
calculated flow time through the entire aquar- 
ium was about 2 7  minutes. 

Experimental results. Eflect of virus level 
in water on uptake. Although viral uptake by 
shellfish has been repeatedly shown, it has 
never been defined what role, if any, might 
be played by levels of virus in seawater upon 
the degree and efficiency of uptake. T o  clarify 
this point, 4 experiments were carried out 
in August 1965, as follows: Each experiment 
involved 15-20 quahaugs polluted with a high 
or low level of virus in a flow-through water 
system. Groups of 5 quahaugs were harvested 
a t  varying intervals. During each harvest, 
a seawater sample was obtained by pooling 
10 ml of seawater withdrawn carefully from 
the aquarium a t  each of 5 selected positions 
as close as possible to shellfish. Liquors and 
meats from the shellfish of each group were 
pooled and 50% homogenates in phosphate 
buffered water, p H  7.2 were prepared. All 
homogenates and seawater samples were as- 
sayed for viral content with results shown 
in Fig. 1. I t  may be observed from these 
data that levels of contamination achieved in 
quahaugs were generally less than those in 
seawater when high viral levels in seawater 
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FIG. 1. Viral uptake by quahaugs in seawater polluted with difflerent levels of Poliovirus I. 
FIG. 2. Relation of viral uptake and levels of viral pollution. 

were used. On the other hand, contamination 
of quahaugs was greater than that in water 
when low viral levels in water were used. 

From these data, the ratio of viral content 
in shellfish to that in seawater was computed 
and is illustrated in Fig. 2. The relationship 
between degree of contamination of shellfish 
and virus level in surrounding seawater is 
clearly shown. A comparatively higher uptake 
of virus in shellfish was achieved in low viral 
pollution of seawater and vice versa. These 
results seem to indicate that a certain quanti- 
tative limitation was imposed on the viral 
uptake mechanism of shellfish. Thus, it ap- 
pears that the basic mechanism of viral up- 
take by shellfish might be mediated by a 
chemical reaction. 

Viral uptake in simulated natural environ- 
ment. To clarify patterns of viral pollution 
of shellfish which might have occurred under 
natural conditions, one experiment was con- 
ducted by particularly using sediments. The 
bottom of the aquarium was covered com- 
pletely and evenly with 2 inches of autoclaved 

sand obtained from Narragansett Beach, R. I., 
on which 9 quahaugs were placed far apart 
from one another. Running seawater was then 
allowed to flow slowly into the tank for a 
24-hour period before artificial pollution was 
begun in order to condition shellfish to new 
environment. It was observed that within 
1-2 hours all quahaugs were dug into sand 
with their siphons stretched out to the great- 
est extent and pumping actively. The next 
day, appropriate amounts of diluted virus 
were introduced continuously into inflow 
water. Amounts of virus were adjusted to 
yield a level of approximately 10 PFUJml of 
seawater in the tank. One shellfish and a 
water sample were removed periodically for 
a period up to 3 weeks. All samples were 
stored at  -2OOC until further processing. 
Quahaugs were thawed in a petri dish at 
room temperature. By the end of 1 hour, 
the total amount of shell liquor and majority 
of hemolymph were drained out. Meat was 
then taken out of the shell and digestive 
diverticulum with the stomach in its center 
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FIG. 3 .  Uptake of Poliovirus I by quahaugs in 
simulated natural conditions. 

was dissected out. Twenty c/( homogenates 
in Hanks' balanced salt solution (HBSS) 
were prepared for this organ and remaining 
body. All homogenates, shellfish fluids and 
seawater samples were assayed a t  one time 
with results illustrated in Fig. 3 .  Since no 
virus was detected in all homogenates of re- 
maining part of body, these values are not 
included in the Figure. 

As shown, viral contents in drained fluids 

varied considerably from one specimen to 
another. In general, their values were not 
far from those of seawater. Digestive diver- 
ticula contained 3000-9000 PFU,/g of polio- 
virus. The factor of concentration by this 
organ from seawater is illustrated by the 
ratio of viral content in diverticula to that 
in seawater. Such degree of viral concentra- 
tion by shellfish was probably in part attribut- 
able to experimental conditions which simu- 
lated their natural environment. 

Drained fluids from each of 100 t 10 g 
quahaugs in this experiment amounted to 
11-13.5 ml and each digestive diverticulum 
weighed 0.7-1.4 g. Total viral contents in 
drained fluids and diverticulum from each 
quahaug were computed from the above data 
with results summarized in Table I. These 
data seem to disclose more precisely quanti- 
tative distribution of virus in a polluted shell- 
fish than shown in Fig. 3. On the average, 
6.8% of virus was found in drained fluids 
whereas over 90% was found in diverticula. 
From these results one may surmise that 
naturally polluted shellfish most probably 
harbor practically all their viral contaminants 
in diverticula, provided one assumes that pol- 
lution level in the estuary may be much lower 
than 10 PFU/ml of water. 

.4dsorption of virus by  shellfish mucus. 
One wonders what mechanism may be in- 
volved by which shellfish can pick up and con- 
centrate minute particles such as poliovirus 
into their digestive system. MUCUS sheet has 
been considered as one of the major mecha- 
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TABLE 11. Adsorption of Poliovirus on Pseuclo- 
feces. 
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nisms for shellfish to feed( 13). To explore 
the possibility that mucus sheet may entrap 
virus, an experiment was conducted as fol- 
lows: One g of pseudofeces (wet wt) was col- 
lected from clean quahaugs and homogenized 
in 30 ml HBSS. The suspension was por- 
tioned into 6 5-ml aliquots. Each of 3 ali- 
quots was mixed with an equal volume of 
poliovirus diluted in filtered seawater. Each 
of another 3 aliquots was mixed with an equal 
volume of poliovirus diluted in HBSS. One 
mixture from each set was incubated at 4OC, 
18°C and 37"C, respectively, for 1 hour with 
frequent agitation. Following this, all tubes 
were centrifuged at  a low speed. Supernates 
were collected and sediments resuspended in 
original volume of MKA medium( 14). One 
tube each of poliovirus in respective media, 
HBSS and filtered seawater, diluted 2-fold in 
MKA medium and incubated at  4°C for 1 
hour, served as a control of total viral content 
before adsorption. All preparations were as- 
sayed with results given in Table 11. 

As shown, when virus in HBSS was mixed 
with pseudo feces suspension, approximately 
60% of virus was adsorbed onto the mucus, 
after 1 hour of incubation. There is a slight 
increase of adsorption at  higher temperatures, 
but these differences can hardly be considered 
significant. When virus in seawater was mixed 
with pseudofeces suspension, more than 80% 
of virus was adsorbed onto it a t  all tempera- 

tures tested. These data seem to support the 
hypothesis that viruses may be entrapped 
or adsorbed on mucus sheet. Virus laden mu- 
cus threads may then be ingested, pass 
through the entire digestive system, and 
finally be eliminated in fecal material of 
shellfish. 

Discussion. Various studies showed a defi- 
nite uptake of human enteric viruses by sever- 
al species of shellfish. In  view of the high con- 
centrations of virus used in polluting sea- 
water in all experiments, one would still won- 
der what is happening in a natural environ- 
ment when the level of viral pollution in es- 
tuarine environment is probably very low. 
How, then, may shellfish acquire a sufficient 
number of viruses to produce an infection in 
man under these cicumstances? Recent work 
by Mitchell et  aZ(7) shed some light on this 
problem in showing that Eastern oysters can 
concentrate poliovirus when a flow-through 
water system was used. By using a similar 
system, the present study reveals a t  least two 
basic facts: ( a )  Viral uptake by shellfish ap- 
pears more efficient when surrounding water is 
contaminated with low levels of virus. (b) 
Shellfish can concentrate more virus in their 
organs when they are provided with a more 
suitable experimental environment. Exact 
natural conditions of shellfish growing areas 
have not yet been duplicated in laboratory, 
thus it is felt that shellfish may even have 
greater ability in concentrating virus from 
their natural environment. 

Patterns of viral accumulation and re- 
tention in shellfish as shown in Fig. 3 have 
certain implications in epidemiologic situa- 
tions. Maximal pollution of shellfish was 
achieved very rapidly in simulated natural 
conditions in which a minimum number of 
virus were present. Thereafter, this level of 
contamination in shellfish was more or less 
maintained so long as there was sufficient 
virus present in seawater. As shown previously 
(8) ,  shellfish unload their contaminants rap- 
idly if viral level in water recedes. This may 
mean that contaminated shellfish sold in the 
market were harvested a t  the exact time when 
estuarine water was polluted. As known, most 
shellfish-associated hepatitis outbreaks took 
place in winter and early spring and lasted for 
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several months( 2 9 ) .  Then one may wonder 
whether the estuaries were polluted continu- 
ously with hepatitis virus during the entire 
period of outbreaks. If so, a large number of 
hepatitis cases, clinical or subclinical, should 
have existed in the community and served as 
a source of water pollution. Mosley and his 
associates ( 1 5 )  had considered this possibility, 
but failed to substantiate it by surveying 
these communities. Another explanation for 
the epidehologic observations may be as fol- 
lows. It was shown in our laboratory(l6) 
that among several factors studied water tem- 
perature plays a major role in affecting shell- 
fish in accumulation, retention and elimi- 
nation of viruses. It seems more likely that, 
during various outbreaks, shellfish were pol- 
luted in the late fall when water temperature 
was optimal for viral uptakes, i.e., 10 to 20°C. 
The temperature then dropped suddenly to 
below 5 4 ° C .  At this temperature, shellfish 
probably stopped feeding completely. Thus, 
these shellfish retained their contaminants as 
long as the temperature remained in same 
range, and they served as a constant source 
for dissemination of hepatitis viruses. 

The finding of quantitative distribution of 
virus in shellfish is also of practical im- 
portance. First, as shown in Fig. 3 and Table 
I, one quahaug picked up an amount of virus 
equivalent to that present in approximately 
one liter of seawater. This seems to indicate 
that a hepatitis outbreak associated with hard 
clams would occur if pollution level of estu- 
arine water reached approximately one in- 
fectious unit of the virus per liter of seawater. 
Since little is known as to what constitutes a 
minimal infectious dose for hepatitis virus ( 17, 
18), one can not estimate what level of viral 
pollution existed in water during these out- 
breaks. Secondly, most viral contaminants 
were localized in the digestive system of 
shellfish. This lends strong support to the 
conviction that a depuration process may be 
a means of obtaining clean shellfish for human 
consumption. The rationale is that since 
total intestinal content in Eastern oysters has 
been shown to be eliminated within 1-2 hours 
(19), during this process it is most likely 
viral contaminants will be discharged along 
with fecal material. The rapid rate of viral 

depuration by Eastern oysters has been shown 
by Mitchell et aZ( 7 )  and that by quahaugs by 
ourselves (8,s). 

Data presented in Table 11 are preliminary. 
They do, however, shed light on basic mech- 
anism of viral uptake by shellfish. It is im- 
portant to note that pseudofeces from shell- 
fish, containing chiefly mucus, was capable of 
adsorbing a human virus a t  all temperatures 
tested. If one agrees that there is a limitation 
of sites of adsorption for virus in a given 
amount of mucus, data illustrated in Fig. 1 
and 2 would be easily acceptable. However, 
several points deserve further study: (a) 
Could this be due to some other ingredients 
present in pseudofeces? (b)  What is the basic 
ingredient(s) in mucus which can adsorb 
virus? (c) Could this ingredient be related to 
enteric virus receptors as described by Hol- 
land(20)? (d)  What other viruses can also 
be adsorbed by the mucus? 

Summary. Several aspects concerning viral 
uptake by shellfish have been investigated by 
using the Northern quahaug and a strain of 
attenuated poliovirus type I as working 
models. In  a running seawater system, it was 
shown that the degree of viral uptake by 
shellfish was inversely related to the viral 
levels of their surrounding seawater. Under 
simulated natural conditions, uptake was con- 
siderable and majority of virus was recovered 
from digestive diverticula with stomachs. The 
basic mechanism of viral uptake by shellfish 
was explored by using pseudofeces obtained 
from normal quahaugs. It was shown that 
poliovirus was capable of adsorbing onto the 
mucus material very efficiently regardless of 
temperature used, 4-3 7 "C. 

1. RO'OS, B., Svenska Lakartidningen, 1956, v53, 

2 .  Manson, J. O., McLean, W. R., Am. J. Hyg., 

3. Dougherty, W. J., Altman, R., Am. J. Med., 

4. Mosley, J.  W., Hepatitis Surveillance, 1964 

5 .  Hedstrom, C. E., Lycke, E., Am. J. Hyg., 1964, 

6. Metcalf, T. G., Stiles, W. C., J. Inf. DG., 

7. Mitchell, J. R., Presnell, M. W., Akin, E. W., 

898. 

1962, v75, 90. 

1962, v32, 704. 

Rep. #19, 30. 

v79, 134. 

1965, v l l5 ,  68. 



CARDIAC OUTPUT IN DUCKS 487 

Cummins, J .  M. Liu, 0. C., Am. J. Epid., 1966, 
v84, 40. 

8.  Liu, 0. C., Seraichekas, H. R., Murphy, B. L., 
Proc. SOC. Exp. Biol. and Med., 1966, v121, 601. 

9. Liu, 0. C., Seraichekas, H. R., Murphy, B. L., 
Symposium, Transmission of Viruses by the Water 
Route, 1965. 

10. Hsiung, G. D., Diagnosltic Virology, 1964, v4, 4. 
11. Hsiung, G. D., Melnick, J. L., Virology, 1955, 

12. Kelly, C. B., Am. J. Pub. Health, 1961, v51, 

13. Jorgensen, C. B., Biol. Rev., 1955, v30, 391. 
14. Melnick, J. L., Ann. N. Y. Acad. Sci., 1955, 

v l ,  533. 

1670. 

v61, 754. 
15. Mosley, J. W., personal communication. 
16. Liu, 0. C., Seraichekas, H. R., Marphy, 

B. L., Harris, A., National Conference of Depuration 
1966, to be published. 

17. Krugman, S., Ward, R. W., Giles, J. P., Per- 
speotive Virol., 1963, v3, 159. 

18. Boggs, J .  D., Capps, R .  B., Weiss, C. F., Mc- 
Lean, I. W., Jr., J.A.M.A., 1961, v177, 687. 

19. Galtsoff, P. S., Fishery Bull. Fish & Wildlife 
Service, 1964, v64, 219. 

20. Holland, J. J., Bact. Rev., 1964, v28, 3.  

Received July 5, 1966. P.S.E.B.M., 1966, v123. 

Cardiac Output in Ducks." (31521) 

PAUL D. STURKIE (Introduced by R. P. Reece) 
Division of Physiology, Department of Animal Sciences, Rutgers University, N e w  Brunswick, N .  J 

Changes in arterial blood pressure, venous 
pressure( 1,2) and regional distribution of 
blood flow in diving ducks(3) have been re- 
ported. Although changes in cardiac output 
have been inferred, based mainly on central 
venous pressure, right atrial pressure, and 
distribution of flow, no actual determinations 
on cardiac output have been made. The object 
of this experiment was to determine cardiac 
output of ducks restrained on their backs and 
not in a diving position. 

Materials and methods. Cardiac outputs 
were determined during the summer on male 
and female White Pekin ducks (8-14 months 
of age) by the dye dilution technique adapted 
for the chicken (4,s) , employing a densitome- 
ter and indocyanine dye. The dye was in- 
jected into the right heart by means of a 
catheter placed in the right wing vein and 
pushed near the entrance of right atrium (4) .  
Dye concentration curves were derived from 
arterial blood flowing from carotid artery 
through a Waters densitometer and amplified 
and recorded on an oscilloscope (Electronics 
for Medicine). Blood flow was calculated 
from the area under the curves(4). Blood 
pressure was determined directly from a ca- 
rotid artery by means of a Statham gauge(4). 
Total peripheral resistance (TPR) (in units) 

* Supported by USPHS Grant H-4279. 

was calculated by dividing mean blood pres- 
sure (mm Hg) by cardiac output (ml/min) . 

Results and discussion. The pertinent data 
are presented in Table I. The body weight of 
the male ducks was significantly higher than 
that of females, and the cardiac output per 
bird was likewise higher (approaching statis- 
tical significance), (but not on a body weight 
basis, where the difference was not statisti- 
cally significant. However, the actual values 
on a body weight basis appear to be some- 
what higher than for chickens and about the 
same as for turkeys ( 6 ) .  There was no statisti- 
cally significant sex difference in blood pres- 
sure and heart rates of the ducks as there is 
in chickens(6). This confirms the work of 
Ringer et a l ( 7 ) .  The actual level of blood 
pressure of ducks is of the same magnitude 
as of male chickens but higher than that of 
female chickens. The heart rate of ducks is 
considerably lower than in chickens or turkeys. 

Because of the higher cardiac output in 
relation to mean blood pressure of ducks as 
compared to chickens, the TPR is appreciably 
lower in ducks. 

Summary. Cardiac output of adult White 
Pekin ducks restrained on their backs was 
determined by the dye dilution technique. 
Mean flows in ml/minJkg were 286.8 and 
253.4 fw males and females respectively, and 


