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Lassa fever, a viral hemorrhagic fever 
caused by the Lassa virus and commonly 
transmitted by its rodent host, is endemic 
in certain areas of West Africa, where 
several hundred thousand people are 
estimated to be infected each year. 
The disease is asymptomatic or mild in 
approximately 80% of infected patients, 
but the remaining 20% have severe 
multisystem disease. Estimated overall 
mortality is 1%–2%. 

Death rates are particularly high 
for women in the third trimester of 
pregnancy, and for fetuses, about 95% 
of which die in the uterus of infected 
pregnant mothers. The most common 
complication of Lassa fever is deafness. 
Various degrees of deafness occur in 
approximately one-third of cases, and in 
many cases hearing loss is permanent. 
Disease severity does not seem to affect 
this complication: deafness may develop 
in mild as well as in severe cases. 

Lassa fever remains a serious 
challenge to public health in West Africa, 
threatening both local residents in 
rural areas and those who serve them, 
particularly medical care providers. 
Ribavirin, an antiviral drug, has been 
used successfully in Lassa fever patients, 
but it needs to be given early and is not 
readily available in the infected areas. 
Given the ecology of the rodent host and 
conditions in the endemic area, a vaccine 
is mandatory for control. Lassa vaccine 
initiatives have suffered from a lack of 
funding in the past, but bioterrorism and 
recent importation of the disease to the 

United States and Europe have brought 
new resources to Lassa virus science.

Early attempts to develop a Lassa 
fever vaccine in the 1980s focused 
on killed pathogens, which caused a 
strong humoral response but failed 
to protect nonhuman primate test 
animals. Subsequently, recombinant 
vaccines used vaccinia vectors carrying 
different combinations of structural Lassa 
proteins. Some of these protected 90% 
of nonhuman primates from a lethal 
challenge in the absence of a strong 
humoral response, suggesting that cellular 
responses are important for protection. 

Use of vaccinia vectors in humans is 
problematic, especially in areas where 
HIV infection is common—immune-
suppressed individuals can develop 
serious skin lesions—and several 
alternative vaccines based on other 
vectors as well as harmless vaccinia 
ones are under development. Thomas 
Geisbert and colleagues now report 
promising results with a replication-
competent vaccine based on attenuated 
recombinant vesicular stomatitis virus 
vectors expressing the Lassa viral 
glycoprotein. A single intramuscular 
vaccination protected all four vaccinated 
cynomolgus macaques against a 
lethal challenge of a particular Lassa 
strain, while two control monkeys that 
had received empty vector died after 
injection with the same dose of virus. 

These are encouraging results, 
but future larger studies will need 
to assess the duration of protection 

and demonstrate the safety of this 
replication-competent vaccine. 
Another crucial question is how quickly 
vaccinated individuals acquire protection, 
and thus whether the vaccine would be 
suitable for creating a ring of vaccination 
around an outbreak zone, the most 
likely early application of a promising 
candidate vaccine. In addition, there are 
at least four different strains of the Lassa 
virus, and an ideal vaccine should provide 
protection across all strains. Finally, 
conducting trials in endemic areas, many 
of which lack political stability, remains a 
serious challenge.
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Exposure to short periods of very loud noise can cause 
tinnitus—a persistent ringing or buzzing in the ears that 
cannot be blocked out. Tinnitus may affect around 10%–15% 
of the population; severe tinnitus is very debilitating (1%–2% 
of the population). Previous work has shown that tinnitus has a 
neurophysiological basis, but precisely which parts of the brain 
and the auditory circuits are involved is not yet understood.

The human ear is essentially a very sensitive vibration sensor, 
one that is able to receive the minute longitudinal vibrations in air 
that make up sound waves. It can detect sounds from 20 Hertz (Hz) 
(very low pitch) to 20,000 Hz (very high pitch) but is particularly 
sensitive to sounds in the range of 500–5,000 Hz—the so-called 
speech frequencies. However, the ear, and in particular the cochlea, 
or inner ear, can be damaged by exposure to excess noise, leading 
to permanent damage to the ear, i.e., deafness. 

Some studies in both animals and humans have suggested 
that tinnitus and hearing loss may be related. These studies have 

found that neurons in regions of the auditory cortex that have 
been deprived of stimuli because of hearing loss change their 
receptive fi eld and may develop enhanced spontaneous activity. 
Other studies, such as some involving neuroimaging using 
positron emission tomography, have suggested that parts of the 
brain involved in attention and emotional regulation might be 
involved in the production of tinnitus. 

One of the key research targets in tinnitus has been 
investigation of cortical activity, especially in animal models 
of tinnitus, but studies in humans have been rare. Previous 
studies have identifi ed temporal and frontal temporal changes 
in individuals whose tinnitus is severely disabling; however, 
there have been no group studies comparing abnormalities 
of ongoing, spontaneous neuronal activity in people with and 
without tinnitus.

In this month’s PLoS Medicine, Nathan Weisz and colleagues 
studied 17 patients with chronic tinnitus and hearing loss and 16 
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As cells specialize during development 
they pass through different levels of 
differentiation, from the earliest stem 
cells through to the highly specialized 
types that make up the body’s organs. 
Hence, a number of different tissues 
may derive from common precursors. 
For example, muscle, fat, cartilage, 
and bone are all derived from a group 
of mesenchymal precursor cells that 
originate in the paraxial mesoderm. So 
pluripotent (i.e., able to differentiate into 
any cell type) human embryonic stems 
cells are potentially a starting point for 
the regeneration of all types of diseased 
or damaged organs (and already 
researchers have shown that it is possible 
to stimulate human embryonic stem cells 
to differentiate into specifi c cell types 
such as neural or hematopoietic cells). 
The isolation of intermediate multipotent 
stem cells (which can differentiate into 
a limited number of cell types) may also 
be valuable. For example, the production 
of an unlimited supply of mesenchymal 
precursors would be very useful, not 
only for the understanding of how 
cells differentiate, but also for eventual 
practical application.

In this month’s PLoS Medicine, Lorenz 
Studer and colleagues from the Sloan-
Kettering Institute in New York describe 
a protocol for deriving mesenchymal 

precursors, which they then show are 
capable of differentiating into specialized 
cell types. 

They used two undifferentiated stem 
cell lines—from the 22 lines that were 
approved in 2001 by President Bush 
for use in federally funded research in 
the United States. The specifi cations for 
approval for these lines are clear—see 
the guidelines at http://stemcells.nih.
gov/research/registry/eligibilityCriteria.
asp. The number of human embryonic 
stem cell lines available for researchers 
are strictly limited, making it necessary to 
develop protocols that expand these cells 
along various lineages. 

In order to differentiate the cells into 
mesenchymal precursors, the stem cell 
lines were cocultured with mouse feeder 
cells to produce fi ve different polyclonal 
lines. The authors then cultured these 
polyclonal precursors with appropriate 
tissue-specifi c stimulation in attempt 
to produce fat, bone, cartilage, or 
muscle cells. The evidence that the 
authors provide for these cells being 
differentiated includes analysis of 
gene expression, surface antigens, and 
immunocytochemistry typical of the 
mature tissues. For example, the authors 
were able to show the presence of fat 
granules in adipocytes, calcium in the 
matrix of osteogenic cells, and collagen 

in chondrocytes. It was harder to produce 
muscle cells, but even these types of cells 
could eventually be induced by specifi c 
culture conditions.

What are the possible concerns 
about these types of studies? One 
obvious one is the potential for 
residual undifferentiated cells to turn 
into tumors, but the authors tested 
the differentiated cell cultures for 
cell surface markers characteristic of 
undifferentiated cells and found no 
evidence of them. Another worry for 
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control individuals with normal hearing. Patients were asked to 
fi ll in a questionnaire about the impact of tinnitus on their lives 
and had their levels of tinnitus assessed.

The team’s methods differed from previous work in that the 
team chose to examine the power spectrum of neuromagnetic 
oscillatory activity during rest, whereas previous studies had 
focused on measuring neurophysiological responses following 
sounds.

Normally in awake and healthy subjects a certain rhythm 
of brain activity at 8–12 Hz—the so-called alpha rhythm—is 
dominant. Finding enhanced slow-wave, or delta, activity 
(<4 Hz) in awake subjects is usually a sign of a dysfunctional 
neuronal network, as these waves can be observed in various 
neurological and psychiatric disorders. Weisz and colleagues’ 
analysis of the frequency spectrum of recorded magnetic 
fi elds revealed that the energy in the alpha band was strongly 
reduced and that of the delta band enhanced in the group with 
tinnitus compared with the individuals with normal hearing. 
This pattern was particularly pronounced in the temporal 
regions, and overall the effects were stronger for the alpha than 
for the delta frequency band.

This is the fi rst study to show these changes in delta and 
alpha spontaneous cortical activity, say the authors. But they 
concede it is still unclear whether the enhancement of delta 
activity compared with alpha is the abnormal activity perceived 

as tinnitus. However, the fact that regions that show slow-wave 
activity during slow-wave sleep are also regions of low alpha 
activity supports the idea that changes in cortical activity might 
be mediated by sensory deprivation, in this case that partial 
hearing loss might be involved in producing tinnitus. 

Tinnitus-related distress as assessed by the questionnaire was 
strongly associated with this abnormal spontaneous activity, 
especially in the right temporal and left frontal areas, thus 
pinpointing a possible tinnitus-related cortical network. 

A limitation of this study was that the tinnitus group also had 
high-frequency hearing loss, whereas the control group did not; 
the ideal control group would have been patients with the same 
sort of hearing loss but no tinnitus.

In discussing their fi ndings, the authors suggest that their 
study supports previous work indicating that the prefrontal 
cortex is a candidate region for integration of the sensory and 
emotional aspects of tinnitus. Further studies should focus on 
frontal areas, which could allow identifi cation of interactions and 
modulating infl uences that higher-order psychological processes 
(e.g., emotions and thoughts) may have on the generation of 
tinnitus in the auditory cortex. 

Weisz N, Moratti S, Meinzer M, Dohrmann K, Elbert T (2005) 
Tinnitus perception and distress is related to abnormal spontaneous 
brain activity as measured by magnetoencephalography. DOI: 
10.1371/journal.pmed.0020153
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