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demonstrated to be tracheids, and recently 
A. Eisenack [Palaeontogr. Abt. A Palaeozool. 
Stratigr. 139, 64 (1972)] has speculated that 
structures of the same general appearance 
are chitinous in composition. Similar tubular 
structures were first noted by W. H. Lang 
[Phil. Trans. R. Soc. Lond. Ser. B 227, 245 
(1937)] in the Nematophytales, a group which 
he and a number of later workers have con- 
sidered to be terrestrial or semiaquatic plants. 
0. A. H0eg [Medd. Nor. Svalb. Unders. 83 
(1942)] described such tubular structures in 
Nematothallus as "tracheidal tubes," saying 
that they are "very much like tracheids," a 
resemblance also noted by A. G. Lyon [Trans. 
R. Soc. Edinb. 65, 79 (1962)] in reference to 
the "differentially thickened tubular cells" in 
the same group of plants. The important point 
about such structures is that they have ap- 
parently developed functionally in response to 
the transportation of water within the plant 
system or part of it, and that they do not 
appear to have developed in an aquatic, 
wholly submerged plant. This is the case 
regardless of what they are called or in which 
groups of plants they are found, including 
those of the Gotland Silurian, for which we 
do not claim a nematophytalean origin. 
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Lassa Virus Isolation from Mastomys natalensis Rodents 

during an Epidemic in Sierra Leone 

Abstract. Lassa fever is a severe febrile illness of man, first recognized in West 
Africa in 1969. During an epidemic in Sierra Leone, Lassa virus was isolated for 
the first time from wild rodents of Mastomys natalensis. A high prevalence of 
infected Mastomys was found in houses occupied by patients with Lassa fever. 
The data presented provide the first demonstration of an extra-human cycle of 
Lassa virus transmission and suggest that rodent control may be an effective 
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Lassa virus was first isolated in 1969 
from three American missionary nurses 
who contracted a severe, hitherto un- 
described febrile illness in Nigeria (1). 
Between 1969 and 1972 Lassa fever 
emerged as a major public health prob- 
lem; four epidemics were recognized 
in three West African countries: Ni- 
geria (1, 2), Liberia (3), and Sierra 
Leone (4). Although the total number 
of cases documented during these out- 
breaks was small (101 cases), the 
case fatality rate among hospitalized 
patients has been high (43 percent). 
In addition to the epidemic locales in- 
dicating a widespread or multifocal dis- 
tribution of Lassa virus activity in West 
Africa, a serologic survey (5) has dem- 
onstrated past infection in areas where 
the disease has so far escaped detec- 
tion. Lassa virus has a predilection for 
person-to-person spread within the 
hospital environment, with a high risk 
of infection in medical personnel. To 
date, 14 nurses and a physician have 
acquired Lassa fever while attending 
patients with the disease. The hazard 
to laboratory investigators is also great 
19 JULY 1974 
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(6), and virologic studies are now con- 
fined to institutions with facilities for 
strict biocontainment. 

In three of the four epidemics, Lassa 
virus was spread from person to person 
within a hospital environment, after 
introduction of the virus by a single 
infected patient (1-3). Because these 
were nosocomial (intrahospital) epi- 
demics, the primary source and cycle 
of virus transmission in nature were 
not elucidated. 

In September and October 1972 we 
investigated an outbreak of Lassa fever 
in the villages of Panguma and Tongo, 
Eastern Province, Sierra Leone (4, 7). 
In contrast to the previous nosocomial 
epidemics, most human cases arose in 
the affected communities. AIthough 
person-to-person transmission probably 
occurred, a nonhuman source of in- 
fection was also considered likely. 

Our attention centered on wild verte- 
brates, since the epidemiology of viruses 
related to the agent of Lassa fever was 
known to involve rodents and bats. 
Lassa virus is morphologically indis- 
tinguishable from lymphocytic chorio- 
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meningitis (LCM) virus (8, 9) and eight 
other agents formerly included in the 
Tacaribe virus group. By complement- 
fixation (CF) tests, minor serologic 
cross reactions have been demonstrated 
between Lassa, LCM, and several 
Tacaribe group viruses (10). These 
viruses have thus been placed in a 
new taxonomic group designated the 
arenaviruses (9). A number of arena- 
viruses have been isolated from wild 
rodents, including: LCM virus from 
Mus musculus; Machupo virus (the 
agent of Bolivian hemorrhagic fever) 
from Calomys callosus in Bolivia (11); 
Junin virus (the agent of Argentinian 
hemorrhagic fever) from Calomys 
laucha and other species in Argentina 
(12); Tamiami virus from Sigmodon 
hispidis in Florida (13); and Pichinde 
and Amapari viruses from cricetine 
rodents in Colombia (14) and Brazil 
(15), respectively. Tacaribe virus has 
been isolated from Artibeus bats in 
Trinidad (16). 

During investigations in Sierra Leone, 
we collected a total of 641 small verte- 
brates. Bats were caught in nylon mist 
nets set at the fringes of the affected 
villages. Rodents and shrews were either 
captured in live traps set in houses and 
surrounding farms and forests, or were 
purchased from local native trappers. 
We removed samples of lung, heart, 
spleen, kidney, blood, and, if possible, 
bladder urine and ectoparasites. Speci- 
mens were frozen in liquid nitrogen 
and returned to the Maximum Se- 
curity Laboratory at the Center for 
Disease Control, Atlanta, Georgia, 
whereupon they were transferred to a 
mechanical freezer (- 78?C). For at- 
tempts at virus isolation, the organ 
pools from each animal were thawed, 
ground in a mortar with modified (17) 
Eagle's medium, and lightly centri- 
fuged. We tested (3, 7) the supernatant 
fluids for virus in tube cultures of Afri- 
can green monkey kidney stable (Vero) 
cells. Cultures were inoculated with 0.1 
ml of 10 percent (weight to volume) 
organ suspensions; 45 minutes later, 
maintenance medium was added, and 
the tubes were checked daily for cyto- 
pathic effect (CPE). Positive cultures 
showed typical Lassa virus CPE by 
day 5 or 6, whereupon they were har- 
vested by freeze-thawing and identified 
by CF test. The identification of Lassa 
virus isolates by CF test has been de- 

meningitis (LCM) virus (8, 9) and eight 
other agents formerly included in the 
Tacaribe virus group. By complement- 
fixation (CF) tests, minor serologic 
cross reactions have been demonstrated 
between Lassa, LCM, and several 
Tacaribe group viruses (10). These 
viruses have thus been placed in a 
new taxonomic group designated the 
arenaviruses (9). A number of arena- 
viruses have been isolated from wild 
rodents, including: LCM virus from 
Mus musculus; Machupo virus (the 
agent of Bolivian hemorrhagic fever) 
from Calomys callosus in Bolivia (11); 
Junin virus (the agent of Argentinian 
hemorrhagic fever) from Calomys 
laucha and other species in Argentina 
(12); Tamiami virus from Sigmodon 
hispidis in Florida (13); and Pichinde 
and Amapari viruses from cricetine 
rodents in Colombia (14) and Brazil 
(15), respectively. Tacaribe virus has 
been isolated from Artibeus bats in 
Trinidad (16). 

During investigations in Sierra Leone, 
we collected a total of 641 small verte- 
brates. Bats were caught in nylon mist 
nets set at the fringes of the affected 
villages. Rodents and shrews were either 
captured in live traps set in houses and 
surrounding farms and forests, or were 
purchased from local native trappers. 
We removed samples of lung, heart, 
spleen, kidney, blood, and, if possible, 
bladder urine and ectoparasites. Speci- 
mens were frozen in liquid nitrogen 
and returned to the Maximum Se- 
curity Laboratory at the Center for 
Disease Control, Atlanta, Georgia, 
whereupon they were transferred to a 
mechanical freezer (- 78?C). For at- 
tempts at virus isolation, the organ 
pools from each animal were thawed, 
ground in a mortar with modified (17) 
Eagle's medium, and lightly centri- 
fuged. We tested (3, 7) the supernatant 
fluids for virus in tube cultures of Afri- 
can green monkey kidney stable (Vero) 
cells. Cultures were inoculated with 0.1 
ml of 10 percent (weight to volume) 
organ suspensions; 45 minutes later, 
maintenance medium was added, and 
the tubes were checked daily for cyto- 
pathic effect (CPE). Positive cultures 
showed typical Lassa virus CPE by 
day 5 or 6, whereupon they were har- 
vested by freeze-thawing and identified 
by CF test. The identification of Lassa 
virus isolates by CF test has been de- 
scribed (3, 7, 18). The neutralization 
test has not been found useful for 
virus identification, since, in our hands, 
antiserums of sufficient neutralizing 
potency have not been produced. 
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Table 1. Numbers of wild vertebrate species 
collected and tested for Lassa virus, Sierra 
Leone in 1972. 

C Lassa Col- virus 
Species lected (virus 

(No.) (positive/ 
Sc(No.a ) tested) 

Rodents 
Mus musculus 195 0/141 
Mus musculoides 35 0/27 
Rattus rattus 73 0/50 
Masto,mys natalensis 109 14/82 
Lophuromys sikapusi 29 0/20 
Dasymys incomtus 3 0/2 
Hybomys univattatus 1 0/1 
Hylomyscus sinmus 5 0/4 
Praomys tullbergi 7 0/5 
Myomys daltoni 3 0/3 
Uranomys ruddi 1 0/1 
Cricetomys gambianus 15 0/10 
Euxerus erythropus 5 0/1 
Funisciurus pyrrhopus 1 0/1 
Thryonomys swinderianus 2 0/1 
Unidentified 1 0/1 

Total 475 14/350 
Bats 

Rousettus aegyptiacus 52 0/37 
Epomops buettikoferi 50 0/33 
Micropteropus pusillus 6 0/3 
Hipposideros cafler 1 0/1 
Hipposideros ruber 1 
Pipistrellus nanus 2 0/1 

Total 112 0/75 
Insectivores 

Crocidura spp. 32 0/24 
Primates 

Cercopithecus spp. 10 0/3 
Reptiles 

Turtle 1 0/1 
Lizard 1 

Lassa virus was isolated from the 
organs of 14 of 350 rodents tested but 
not from 75 bats, 24 shrews, 3 mon- 
keys, or 1 turtle. No urine or ectopara- 
site samples were available from any 
of the virus-positive animals. Table 1 
shows the distribution of vertebrate 
species collected and the frequency of 
virus isolations. All of the Lassa virus 
isolates were from a single murine 
species, Mastomys natalensis A. Smith, 
1847. Serologic identification of two 
strains isolated from this rodent is 
shown in Table 2. 

An attempt was also made to test 
the serums of animals collected in 
Sierra Leone for CF antibodies to Lassa 
virus; nearly all serums contained high 
titers of anticomplementary substances. 
Neutralization testing has not yet been 
performed. 

The results clearly implicated Mas- 
tomys natalensis as the reservoir of 
Lassa virus in Sierra Leone, but did not 
elucidate the mode of virus transmis- 
sion to man. Infection of man with the 
other rodent-borne pathogenic arena- 
viruses (LCM, Machupo, Junin) is 
known to depend upon close associa- 
tions between rodent and man and 
contamination of the environment (for 
example, food, dust, and air) with in- 
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fected rodent urine or other excreta. 
We were thus interested in the ecology 
and habits of Mastomys natalensis and 
in the distribution of infected animals 
in relation to human cases of Lassa 
fever. 

Only four of the rodent species were 
present within houses in the epidemic 
area: Mus musculus, Rattus rattus, 
Mastomys natalensis, and (very rarely) 
Hylomyscus simus. Of these, Mus mus- 
culus and Rattus rattus were exclusively 
commensal in their habits, whereas 
Mastomys natalensis was trapped main- 
ly in houses, but also in surrounding 
gardens and fields. When the two vil- 
lages, Panguma (population 3,159) 
and Tongo (11,456), most severely af- 
fected by the epidemic were com- 
pared, differences were noted both in 
the prevalence of commensal rodent 
species and in the frequency of.,virus 
isolation. In Panguma Mus and Rattus 
predominated, comprising respectively 
75 and 17 percent of the commensal 
rodent population; only 6 of the 84 
rodents captured in Panguma houses 
were Mastomys. In contrast, 39 of 53 
commensal rodents (73.5 percent) in 
Tongo were Mastomys; Mus (24.5 per- 
cent) and Rattus (2 percent) were less 
common. The frequency of virus iso- 
lation from Tongo Mastomys (13/35 
positive) was also higher than that 
from Panguma. Only 1 of 46 Mas- 
tomys captured in houses and obtained 
from sources other than household 
trapping in Panguma was positive. 
These observations appeared to corre- 
late with the results of a human sero- 
logic survey (4), which showed a high- 
er prevalence of Lassa CF antibodies 
in Tongo residents (39/346, 11.3 per- 
cent) than in Panguma (4/115, 3.5 
percent). 

In two households in Tongo village 
occupied by recent Lassa fever cases, 
an extraordinary rate of virus recovery 
from Mastomys was obtained. Ten of 
12 rodents of this species yielded virus. 
Of six Mus musculus (the only other 
species trapped in these households), 
none were positive. Although it is pos- 
sible that Mastomys were secondarily 
infected from a human source, it seems 
more likely that the primary epidemio- 
logical event was a rodent enzootic or 
epizootic. The data suggested that the 
virus was active in household foci 
within the epidemic zone rather than 
being widely diffused in the rodent 
population. 

Since Lassa virus has a rather low 
pathogenicity for most laboratory ro- 
dents (5, 10), it is unlikely that the 
observations on relative rodent species 

Table 2. Identification of two Lassa virus 
strains (A44 and A206) isolated from Mas- 
tomys natalensis rodents in Sierra Leone in 
1972. 

Antiserum* 

Antigen't La LCM Broad 

(Pinneo) (Arm- Taca- 
strong) ribe 

A44 512/8+ 0 0 
A206 1024/16 Trace 0 
Lassa (Pinneo) 512/16 Trace 0 
LCM 

(Armstrong) Trace 256/32 0 
Machupo 

(Carvallo) Trace 0 64/32 
* Lassa (Pinneo) hyperimmune antiserum was pre- 
pared in guinea pigs. LCM and Broad Tacaribe 
antiserums were prepared as hyperimmune mouse 
ascitic fluids. t Antigens for Lassa, Pinneo 
strain, and rodent isolates were prepared from 
infected Vero cells. LCM and Machupo antigens 
were prepared from infected mouse brains. 
$ CF titer of antiserum (numerator) and antigen 
(denominator). All serums were negative in control 
tests with normal Vero and mouse brain antigens. 
0 indicates that both serum titer and antigen 
titer were < 4. 

prevalence and frequency of infection 
can be explained by a high mortality 
among infected Mus or Rattus. It ap- 
pears that these species either resist 
infection or avoid contact with infected 
Mastomys. 

The pathogenesis of Lassa virus in- 
fection in its natural host, Mastomys 
natalensis, remains unknown. Since 
LCM (19), Machupo (20), and per- 
haps other arenaviruses are known to 
induce a chronic virus carrier state in 
their natural rodent hosts, possibly 
through virus-induced immune sup- 
pression (21), it is reasonable to ex- 
pect a similar mechanism for Lassa 
virus. Baby white mice infected with 
Lassa virus have been shown to ex- 
crete the virus in their urine for at 
least 82 days (10). Machupo and LCM 
viruses can be passed both horizontally 
from rodent to rodent (and rodent to 
man) and vertically in rodents by 
congenital infection, whereupon life- 
long persistent infections develop. 

Mastomys natalensis is ideally suited 
to disseminate Lassa virus in rural 
Africa. It is a common species widely 
distributed in a variety of biotopes 
south of the Sahara, is a prolific 
breeder, and is adapted to life both 
within houses and in the fields. Its prev- 
alence in a given area is determined by 
density-dependent variations in mortal- 
ity, seasonal factors, and competition 
with other rodent species. In the rainy 
months, Mastomys may abandon the 
fields and seek shelter and food within 
houses, perhaps explaining in part 
the peak incidence of human cases in 
Sierra Leone during the rainy season 
of 1972 (4). The low level of sanita- 
tion, the customary storage of grains 
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and other foodstuffs within houses, and 
the ample harborage for rodents in 
houses constructed of mud and thatch 
all contribute to contacts between ro- 
dents and humans. 

The results of our investigations pro- 
vide a basis for controlling Lassa fever 
in West Africa. Because no vaccine is 
available, rodent control and human 
quarantine are the only potentially ef- 
fective means of limiting a community- 
based Lassa fever outbreak. Rodent 
populations may be reduced by limiting 
the availability of food and shelter, by 
various biological control methods, or, 
more directly, by trapping and poison- 
ing. Mastomys natalensis populations 
have been successfully reduced by the 
use of an anticoagulant rodenticide 
(warfarin) in villages in the Sudan 
(22). Trapping and rodent-proofing of 
food stores have been used to stop 
epidemic spread of Machupo virus by 
Calomys callosus in Bolivia (23). 

The apparent interspecific competi- 
tion between Mastomys natalensis and 
the more aggressive species Rattus rattus 
demonstrated in Sierra Leone suggests 
a possible means of biological control 
but, more importantly, warns against 
the indiscriminate reduction of rodent 
populations through trapping and poi- 
soning. Reduction of Rattus rattus 
populations in villages where this 
species predominates may allow intro- 
duction of Mastomys, which would 
then enter a period of logarithmic pop- 
ulation growth. 

The epizootiologic role of Mastomys 
natalensis in areas other than Sierra 
Leone remains to be proved. Mean- 
while, investigations of high priority 
for zoologists and public health authori- 
ties include studies of the distribution, 
population dynamics, and behavior of 
this species in West Africa. 
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Hypothalamic thyrotropin-relcasing 
hormone (TRH), whose structure is 
pyroglutamyl-histidyl-prolineamide (1), 
has been shown to stimulate thyro- 
tropin (1), prolactin (2), and, at times, 
growth hormone secretion (3) from 
the pituitary gland. It may have signifi- 
cant effects on behavior and on mood 
state in addition to its more well estab- 
lished effects on pituitary hormone re- 
lease (4-6). For example, TRH has 
been shown to potentiate the phenome- 
non of behavioral excitation induced 
by L-dopa in mice (4). This potentia- 
tion was also observed in hypophysec- 
tomized animals. Several groups have 
reported that TRH has mood elevating 
effects in depressed women (5). In one 
study, normal women were also found 
to respond to TRH administration with 
a transient elevation in mood (6). In 
light of these newer observations of the 
behavioral effects of TRH, a series of 
experiments was performed to investi- 
gate the possibility that TRH is a nor- 
mal constituent of extrahypothalamic 
brain tissue. The results indicate that 
this is indeed the case. Similar results 
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have been presented by other investi- 
gators (7). 

Normal rats (Sprague-Dawley) 
weighing 200 to 250 g were decapi- 
tated and the brains were rapidly re- 
moved. By a modification of the tech- 
nique described by Glowinski and 
Iversen (8), the brains were dissected 
into six pieces. The hypothalamus was 
removed first by freeing the sides of its 
lateral borders. With the optic chiasm 
as the anterior border, a cut 2 mm 
deep was made under the hypothala- 
mus, allowing it to be lifted up from 
the third ventricle. Next an arbitrary 
cut was made from the anterior border 
of the hypothalamus straight down 
through the cortex. This cut yielded a 
piece, identified here as forebrain, 
which contained both frontal and some 
temporal cortex, as well as some an- 
terior diencephalic tissue. The brain- 
stem and cerebellum were separated by 
blunt dissection. Finally, the remainder 
of the cortex, called posterior cortex, 
was peeled back from the remaining 
posterior diencephalic tissue. In most 
experiments, pieces of liver, kidney, or 
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Thyrotropin-Releasing Hormone: Regional Distribution 

in Rat Brain 

Abstract. A sensitive and specific radioimmunoassay has been used to measure 
the distribution of thyrotropin-releasing hormone (TRH) in rat brain. All areas 
of brain tested, except cerebellum, contained readily measurable amounts of 
TRH. The hypothalamus contained only 31.2 percent of the total brain content 
of TRH. These results support recent suggestions of central actions for TRH in 
addition to its hypophysiotropic functions. 
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