
In response to an earlier Letter, details of the abundance and charac- 
teristics of CO, clathrate-hydrates under martian conditions are pre- 
sented to explain why such clathrates could not have been involved 
in the loss of the Mars Polar Lander mission. Whether the current epi- 
demic of human Salmonella enteritidis infections, particularly in the 
United Kingdom, began in the 1960s or 1980s is debated. And a hy- 
pothesis about the origins of this epidemic, "that eradication of 
[Salmonella] gallinarum ... opened an ecological niche that allowed ... 
S. enteritidis strains to be introduced into poultry flocks from their 
rodent animal reservoir," is discussed, including whether sources 
other than poultry might be to blame. 

Clathrates Are Not the Culprit 

A. F. Koster van Groos and S. Guggenheim 
suggest in their letter that clathrates might 
have played a role in the loss of the Mars Po- 
lar Lander mission (Science's Compass, l l 
Feb., p. 973). However, no significant 
amount of clathrates could exist near the sur- 
face of Mars. The average annual surface 
temperature at the landing site is about 205 

Had the Mars landing gone as planned ... 
(an artist's rendition). 

kelvin, in comparison with an upper limit of 
about 15 1 kelvin for C02 clathrate-hydrate 
stability ( I )  at martian surface pressures 
[-450 pascal at the landing site elevation of 
about +2 km (2 ) ] .Also, this average temper- 
ature will increase with depth. Thus, the only 
clathrate possible (relevant to the landing) 
would have to have formed during the prior 
winter, when surface temperatures are 

z buffered by seasonal C02  condensation at 
143 kelvin (at these elevations). 

The atmosphere at south polar latitudes 
F 	 is relatively dry, even for Mars (3), and the 
? 	 proportion of H20  present in the seasonal 

C02  deposit is almost certainly no more 
8 	than its global annual average in the atmo- 

sphere, about 0.0001 by mass (4). The sea- 
sonal C02 accumulation at the landing re- 

:gion is about 1000 kg/m2 (5). Carbon diox- 

ide in a clathrate-hydrate is present in a ra- 
tio of 116 with the H 2 0  molecules. This 
yields an upper limit on clathrate abun- 
dance of 0.1 kg/m2 and no more than about 
0.03 kg/m2 of the trapped-gas release. This 
amount of volatile material could not have 
disrupted the landing process. 

In addition, the forecast of surface condi- 
tions based on Mars Global Surveyor 
(MGS) and historical observations (6)was 
that the seasonal C02  deposit would be gone 
by 7 November 1999, a month before the 
landing; this was confirmed by continuing 
MGS monitoring activities. Once the pure 
C02 deposit was gone, the residue seasonal 
H20  frost, clathrate or not, would sublime in 
less than 30 minutes of natural sunlight. 

Hugh H. Kieffer 
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Salmonella enteritidis Epidemic 
A. J. Baumler, B. M. Hargis, and R. M. Tso- 
lis suggest in their Perspective "Tracing the 
origins of Salmonella outbreaks" (Science's 
Compass, 7 Jan., p. 50) that the current 
worldwide epidemic of S. enteritidis might 
have started in the late 1960s rather than in 
the 1980s. They cite three publications from 
the Public Health Laboratory Service of Eng- 
land and Wales (I); however, they do not pro- 
vide information about the annual incidence 
of infections nor data on individual phage 
types of S. enteritidis. This information is vi- 
tal to an understanding of the epidemic of S. 
enteritidis infection in the United Kingdom. 

The current U.K. epidemic of S. enteri- 
tidis has been caused predominantly by a 
strain of phage type 4 (PT4). Infections 

poultry products, particularlyAthe contents 
of whole-shell eggs. The latter vehicle has 
provided a new dimension for S. enteri- 
tidis, and many large outbreaks have been 
linked to eggs rather than poultry meat (2). 

From 1961 to 1970 the total number of 
people infected in the United Kingdom 
with S. enteritidis increased from 15 1 to 
9 13 per annum. However, the most com- 
mon phage type isolated was PT8, which 
was responsible for several substantial 
turkey-associated outbreaks in the late 
1960s. Isolations of PT4 increased only 
moderately during this period, from 18 in 
1961 to 109 in 1970. Although there was a 
doubling in the incidence of PT4 from 
1969 to 1970, many infections were asso- 
ciated with foreign travel. From 1971 to 
1980, isolations of S. enteritidis ranged 
from 651 to 879 per annum, with PT8 re- 
maining the most common phage type. In 
1983, PT4 became predominant, compris- 
ing 46% of 1774 isolations that year. The 
most dramatic increase was seen in 
1987-88, when isolations of S. enteritidis 
increased from 6858 to 15,427, with PT4 
comprising 8 1% of strains isolated (3, 4). 

If these data are plotted on a logarithmic 
scale, a steady increase in isolations from 
the mid-1 960s to 198 1 is apparent. The epi- 
demic of PT4 most likely commenced in 
1982-83. Subsequent epidemiological in- 
vestigations have indicated that poultry 
breeding lines infected with PT4 were in- 
troduced into the United Kingdom around 
this time, probably originating in elite 
flocks in continental Europe. We therefore 
conclude that the epidemic of S. enteritidis 
PT4 in the United Kingdom started in the 
early 1980s, and not in the late 1960s. 

The largest number of isolations of 
PT4 was recorded in 1993, when 17,37 1 
infections were identified (4). There has 
been a dramatic decline since 1997, with 
around 6700 isolations of PT4 identified 
in 1999 (5). The reasons for this decline 
are multifactoral, including that several 
codes of practice for  the control of 
salmonellas in chickens have been in oper- 
ation in the United Kingdom since 1993; 
there have been many improvements in the 
poultry industry in infection control and 
hygiene at breeding sites; and in 1994, 
vaccination against S. enteritidis started in 
breeder flocks and in 1998 in layer flocks. 

Linda R. Ward 

John Threlfall 


Henry R. Smith 

Public Health Laboratory Service, Laboratory of 
Enteric Pathogens, Central Public Health Labora- 
tory, 61 Colindale Avenue, London NW9 5HT, UK 

SarahJ. O'Brien 
Public Health Laboratory Service, Communicable 
Disease Surveillance Centre, 61 Colindale Avenue, 
London NW9 5EQ, UK 

www.sciencemag.org SCIENCE VOL 287 10 MARCH 2000 	 1753 

mailto:hkieffer@usgs.gov


Don't take our word 
'for it, ask a colleague 8 OPTIONAL 

1 MONTTOR ARM, 

f 	 &KEYBOARDwhy your next vibration $ POWER-STRe 

.isolation table should ! 
TRAYS 

HONEYCOMB ? 

be from TMC. p ii 

We continually ask our 

customers to rank our tables 

on a scale from 1to 10. We 

also ask why they chose TMC. 

Here's what they say: 


"lo!! This is our 2nd 

table, they work well.. . I-

--


Price. Ken McKay A FULL RANGE OF 

ACCESSORIES INCLUDING 

very helpful" FAf?ADAV CAGES AND SHELVING, 
IS ALSO AVAILABLE 

Dartmouth Mededlcal School 

"10...Q uality, service, price" 
UC Santa Barbara, Physics Department 

w "10...We have used TMC tables for years. 

Always pleased ...p ast experience" .Vatzonal Instrtutes of Health 


W "10...Very reliablelgood quality and workmanship.. . 

previous experience at MH" Hocc'ard L h z ~ e r s i t y  

"10...Easy set-up and hook-up ...Competitor 
recommended you!" C'Mass Medical Center 

W 	 "10...This is my fourth TMC table purchase.. . 
Price and fast delivery" Unrcerszty oflVecc, M e ~ z c o  

"10...Excellent help from Wes Wigglesworth 
...Past experience" Neurosczence Department at  a ,4YC Cinzberszty 

"Let me tell you that your table is  workim beautifully. 
There is no vibration in the tip of the electrode! !!!!!!! 
Thanks again, you made 
my life much easier." :MeBaylor College of ~Medrcedlne 

Technical Manufacturing Corporation 
15 Centennial Dr~ve 

Peabody, MA 01 960 USA 

Tel: 978-532-6330, Fax: 978-531-8682 


e-mail: sales@techmfa.com 

150  	 ? ; ; I  

1-800-542-9725 www. techmfg.corn 
Circle No. 36 on Readers' Service Card 

V I B R A T I O N  S O L U T I O N S  

S C I E N C E ' S  C O M P A S S  

References 
1. j. H. McCoy,J. Hyg. (London) 74, 271 (1975); E. Hep-

ner, Public Health 94, 337 (1980); E. j. Threlfall et  al., 
J. Clin. Pathol. 45,34 (1992). 

2. 	E. F. Coyle et al., Lancet ii, 1295 (1988); 1. M. Cowden 
et al., Epidemiol. Infect 103,47 (1998). 

3. "Report on Salmonella in eggs" (Advisory Committee 
on the Microbiological Safety of Food, Her Majesty's 
Stationery Office, 1993). 

4. 	P. C.Wall and L. R. Ward, in Salmonella enterica serovar 
Enteritidis in Humans and Animals, A. M. Saeed, Ed. 
(Iowa State Univ. Press,Ames, LA, 1999), pp. 19-25. 

5. Anonymous, Commun. Dis. Rep. 10,9 (2000) 

The hypothesis posed by Baumler et ul., 
that S. enteritidis is filling a niche vacated 
when the avian Sulmonellu gullinar-unz 
(which includes the biotypes Gallinarum 
and Pullorum) was eradicated from poultry 
populations, is intriguing, but we question 
whether the magnitude of S. galli~zarumin-
fections, even at their peak, was sufficient 
to impart population immunity against S. 
enter-itidis. In addition, there is a disparity 
in time between peak prevalence of S. pul-
lorirm and the recent wave of occurrence of 
S. enteritidis in poultry in the United States. 
This recent increase of S. enteritidis was not 
detected until 1989 and was followed by a 
decline beginning in 1996. The wave of oc- 
currence may be partially an artifact with 
geographical bias caused by disproportion- 
ate submissions from certain areas. 

The role of poultry in human S. enteri-
tidis infections is in itself questionable. There 
is little doubt that rodents were and probably 
still are an important reservoir of S. etzteri-
tidis. For almost 50 years, S.enteritidis was 
extensively used as a rodenticide in a number 
of European countries until 1947, and it has 
been suggested that this use resulted in a sol- 
id implantation of the agent in rodent popula- 
tions (I). Rodents can be a source of 5. en-
teritidis food-borne infections without the 
agent having passed through poultry; the 
presence of infected rodents in homes, nurs- 
ing homes, and restaurants represents a risk 
for direct or indirect contamination of foods. 

As pointed out by Baumler et ul., an in- 
crease in human infections with S. entrri-
tidis began in the 1960s, but it did not rise 
steadily-there was an almost 50% decrease 
from 1970 to 1976 (2).The recent increase 
began in 1977, with signs of a decrease be- 
ginning in 1992. In contrast, an increased 
frequency of S. enteritidis in poultry did not 
begin until 1989, with a decline beginning in 
1996 (3).The reasons for the fluctuations 
are unknown, but there is no indication that 
an increased vresence of S. enteritidis in 
poultry is the cause of increased food-borne 
infections in humans. The apparent associa- 
tion between the two may be due to failure 
in outbreak investigations to trace the agent 
back to its real source, which may be unre- 
lated to poultry-containing products. 

Hans Riernann 
Phil Kass 
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Dean Cliver we pointed out in our Perspective. A sur-
Department of Population klealth and Reproduc- vey in England and Wales revealed that, in 
tion, University of California, Davis, CA 95616, the early 1960s, S, enteritidis was isolated 
USA on a few occasions from egg products, but 
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Response 
Our hypothesis (1) implies that eradication 
of S. gallinarum, including biotypes Galli-
narum and Pullorum, opened an ecological 
niche that allowed a number of S. entrri-
tidis strains to be introduced into poultry 
flocks from their rodent animal reservoir. 
Subsequently, the S. mtrritidis strain with 
the highest transmissibility likely increased 
in frequency and eventually became pre-
dominant. In this context, it may not be sur-
prising that PT4 was not the predominant 
S. rnteritidis phage type at the beginning of 
the epidemic, which we hypothesized in 
our Perspective to have begun in the 1960s. 
A similar situation has been proposed for 
the origins of the human immunodeficien-
cy virus (HIV) epidemic. Distinct virus 
strains initially entered the human popula-
tion on at least seven occasions, but one 
strain (the HIV-1 group M virus) eventually 
became predominant and now accounts for 
most human cases (2). Similarly, dominant 
strains eventually emerged during the S. en-
teritidis epidemic, including PT4 in Europe 
and PT8 in the United States. However, to 
account for the simultaneous appearance of 
these different S. enteritidis phage types as 
major food-borne pathogens in Europe and 
the United States during the second half of 
the 20th century, and not before, factors 
that are responsible for the initial introduc-
tion of this pathogen into our egg supply 
need to be explored. 

The point raised by Ward et al. that 
PT4 was probably introduced during the 
early 1980s into breeding operations may 
explain the accelerated epidemic spread 
observed in the following years. However, 
these data have no bearing on the origins 
of the epidemic because S. enteritidis was 
introduced in poultry flocks before its in-
troduction into breeding lines. A distinc-
tion should be made between the initial in-
troduction of S. enteritidis into poultry 
flocks from its rodent animal reservoir 
and factors important during the subse-
quent epidemic spread within the poultry 
industry. Although PT4 did not become 
the predominant human isolate in England 
and Wales until 1983, a steady increase of 
isolations was observed since the 1960s. 
Furthermore, at the same time an overall 
increase in S. enteritidis cases was report-
ed from Europe and the United States, as 

which it has been found in substantial 
numbers (3).The time marking the begin-
ning of the steady increase in human S. 
entrritidis isolations and the time this 
pathogen became associated with a new 
food source suggest that the origins of the 
epidemic date back to the 1960s. 

Regarding Riemann et al.'s letter, they 
suggest that rodents should be considered 
asapossible source for the human S. en-
trritidis epidemic. Although eggs are con-
sidered the main source of human S. en-
trritidis cases in the United States [see 
references in (I)], the possibility exists 
that rodents may be responsible for con-
taminating this food item. However, if the 
S. entrritidis e~idemicwould have been 
caused by increasing contamination of 
eggs with rodent feces, it would be ex-
pected that human cases with other ro-
dent-associated Salmonrlla serotypes 
would also have increased during this 
time. For instance, Salmonella ~phimuri -
um and S. enteritidis are both isolated 
from rodents with similar frequencies (4). 
Although about one-third of human S. ty-
phimurium cases can be traced back to 
chicken carcasses or eggs (5 ) ,  the number 
of  human cases associated with this 
serotype have remained almost constant 
during the S. enteritidis epidemic [see ref-
erences in (I)]. These findings suggest 
that the human epidemic was caused by 
factors that specifically enabled S. enteri-
tidis, but not S. typhimurium, to become 
more frequently associated with products 
from the poultry industry. 

One such factor could be the loss from 
poultry of population immunity to the 0 9  
antigen, which is expected to benefit S. en-
teritidis (which expresses the 0 9  antigen), 
but not S. typhimurium (which expresses 
the 0 4  antigen) [see references in (I)]. The 
fraction y of the susceptible poultry popu-
lation that needs to be removed by disease-
induced mortality or the acquisition of im-
munity to generate population immunity 
against S. enteritidis is a function of its ba-
sic case reproductive number, Ro, which is 
defined as the average number of sec-
ondary cases of infection from a primary 
case in a susceptible population (6): 

y >  1 - l/Ro 
On the basis of outbreak investigations, it 
can be estimated that S. gallinarum bio-
types Pullorum and Gallinarum caused at 
least 10% mortality in the chicken popula-
tion (7). Surveys using the tube agglutina-
tion test (to detect the presence of anti-
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body) revealed a seroprevalence of 10 to 
20% (i.e., 10 to 20% of chicks had high 
titers of antibody) for S. gallinarurn at the 
beginning of the 20th century [see refer- 
ences in (I)]. The finding that oral irnmu- 
nization of chickens with a S, gallinarurn 
vaccine results in 60% protection but only 
10% of birds react positive in the tube ag- 
glutination test can be used to calculate the 
fraction of immune animals from sero- 
prevalence data (8).With this approach, it 
can be estimated that, at the beginning of 
the 20th century, 90% of birds survived an 
encounter with S. gallinarurn and 60% of 
the surviving population had immunity 
(thus, an estimated 64% were removed 
from the susceptible population). Impor- 
tantly, birds with immunity to S. galli-
narum have been shown to be equally pro- 
tected against colonization with S. enteri-
tidis because both serotypes share the im- 
munodominant 0 9  antigen (9). By using 
the above value of 0.64 for y to calculate 
Ro, it can be estimated that, given a basic 
case reproductive number for S. enteritidis 
of less than 2.8, population immunity to 
the 0 9  antigen elicited by S. gallinarum 
was sufficient to exclude S. enteritidis 
from circulation in poultry. It is likely that 
Ro for S. enteritidis is considerably below 

2.8, because even at the peak of the epi- 
demic in 1993, this pathogen was isolated 
from only 7.6% of laying hens at slaughter 
(10). These theoretical considerations do 
not prove that eradication of S. gallinarum 
triggered the invasion of S. enteritidis into 
poultry flocks. However, our analysis sug- 
gests that S. gallinarum was able' to com- 
petitively exclude S. enteritidis from circu- 
lation in poultry flocks at the beginning of 
the 20th century. 
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CORRECTIONS AND CLARlFICATlONS 

News of the Week: "Start-up claims piece of 
Iceland's gene pie" (1 1 Feb., p. 951).  Snorri 
Thorgeirsson's association with the company 
UVS is in a personal capacity. I t  should have 
been stated that his views expressed in the 
article do n o t  necessarily represent the  
views of the National Cancer Institute. 

Report: "Honeybee navigation: Nature and 
calibration of the 'odometer"' ( 4  Feb., p. 
851) .  Mandyam B. Srinivasan's first name 
was m~sspelled 

Review "Emerging infectious diseases of 
wildlif-Threats t o  biodiversity and human 
health" by P. Daszak et al. (Science'sCompass, 
21 Jan., p. 443).The definition of BSE should 
have read "bovine spongiform encephalopa- 
thy," not "bovine spongiform encephalitis." 


