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Abstract

Abstract

Mopeia virus is a rodent-borne arenavirus that occurs in East-Africa. It is closely related to
the West-African Lassa virus, a highly pathogenic arenavirus that causes severe haemorrhagic
fevers in humans, and responsible for around 5000 deaths annually. Mopeia virus and Lassa
virus share the multimammate mouse (Mastomys natalensis) as their reservoir host, and despite
its close genetic resemblance to Lassa virus, Mopeia virus has not been shown to elicit
pathogenic symptoms in humans. It therefore provides a safe alternative for studying
arenavirus population ecology.

This study investigated the abiotic and biotic drivers behind the spatial distribution of Mopeia
virus in three very different habitats around Morogoro (Tanzania): woodland, vegetable
garden and fallow field. Anti-Mopeia virus IgG antibody presence was investigated using
immunofluorescence assay. We trapped 557 animals in 3300 trap nights using 2-night
capture-mark-removal to estimate multimammate mouse densities. Host characteristics (body
length, weight, age estimated from lens weight, gender, sexual maturity) were measured and
related to antibody presence.

There was no significant difference in Mopeia virus antibody prevalence between the three
ecotopes, and we found no evidence for a role of abiotic factors such as humidity, temperature
and sunlight in determining Mopeia virus occurrence around Morogoro in the three sampled
habitats. No significant correlation between antibody presence and other factors (age, sexual
maturity, gender, body condition) was found. Antibody-positive animals were found in
habitats with both very low (3.5/ha) and high (582/ha) estimated host densities. Given the
high dispersal rates of M. natalensis, a plausible explanation for this distribution pattern is the
movement of seropositive animals from “source” areas of Mopeia virus infection (where
densities are high enough to maintain virus transmission) into “sink” habitats where densities
would otherwise be too low or abiotic conditions unsuitable for virus transmission. Our results
show that future studies must take into account the large spatial scale on which transmission

seems to operate, and highlights the importance of long-term longitudinal observations.



Samenvatting

Samenvatting

Mopeia virus is een door knaagdieren overgedragen arenavirus dat voorkomt in Oost-Afrika.
Het is nauw verwant aan het West-Afrikaanse Lassa virus, een zeer pathogeen arenavirus dat
ernstige hemorragische koorts kan veroorzaken bij mensen en verantwoordelijk is voor
ongeveer 5000 jaarlijkse sterfgevallen. Mopeia virus en Lassa virus hebben beiden de
veeltepelmuis Mastomys natalensis als hun hoofdgastheer, en desondanks de nauwe
verwantschap aan Lassa virus is Mopeia virus totnogtoe ongevaarlijk gebleken voor de mens.
Daardoor is Mopeia virus een goed alternatief voor de studie van de populatie ecologie van
Afrikaanse arenavirussen.

Deze studie onderzocht de abiotische en biotische oorzaken van de ruimtelijke distributie van
Mopeia virus in drie contrasterende habitats in de buurt van Morogoro (Tanzania): jong bos,
groentetuin en braakliggend veld. De aanwezigheid van anti-Mopeia virus IgG antilichamen
werd onderzocht met behulp van immunofluorescentie technieken. In totaal werden 557
dieren gevangen gedurende 3300 val-nachten. Dit gebeurde d.m.v. vangst-hervangst tijdens 2
nachten om zo gastheerdensiteiten te schatten. Gastheereigenschappen (lichaamslengte,
gewicht, leeftijd geschat op basis van het gewicht van gedroogde ooglenzen, geslacht, seksuele
activiteit) werden gemeten en gerelateerd aan de aanwezigheid van antilichamen.

We vonden geen significant verschil in antilichaam-aanwezigheid tussen de verschillende
habitats, en er werd geen significant verband gevonden tussen de kans op antilichaam-
aanwezigheid en abiotische factoren zoals vochtigheid, temperatuur en zonlicht. Ook werd
geen significant verband gevonden met gastheerfactoren (leeftijd, seksuele activiteit, geslacht,
lichaamsconditie). Seropositieve muizen werden zowel in habitats met een lage
gastheerdensiteit (3,5/ha) als in habitats met een hoge gastheerdensiteit (582/ha) gevonden.
Een geloofwaardige verklaring hiervoor, rekening houdend met de grote dispersieafstanden
van M. natalensis, zou de dispersie zijn van seropositieve dieren vanuit “source” gebieden van
Mopeia virus infectie (waar densiteiten hoog genoeg zijn voor transmissie) naar “sink” habitats
waar de densiteiten te laag zouden zijn, of de abiotische condities ongeschikt voor Mopeia
virus transmissie. Onze resultaten tonen aan dat toekomstige studies rekening moeten houden
met de grote ruimtelijke schaal waarop transmissie lijkt plaats te vinden, en benadrukken het

belang van longitudinale observaties over een langere tijdspanne.



I. Introduction

1. Introduction

This study aims to tackle unresolved questions about Lassa virus ecology, in order to provide a
way to better control Lassa fever, an infectious disease caused by this virus. Because research
on this highly pathogenic Arenavirus is dangerous, we try to answer questions by studying
Mopeia virus, a very closely related Arenavirus that has the same reservoir host (Mastomys
natalensis) and has not shown any pathological symptoms in humans, which makes handling
the rodent host much easier and safer. We try to elucidate the driving factors behind virus
distribution by comparing Mopeia virus prevalence in contrasting ecotopes.

This introduction will start by addressing emerging infectious diseases in general and rodent-
borne haemorrhagic diseases in particular, including a description of Arenaviruses. We will
then go into the population ecology of Mastomys natalensis and the dynamics of virus

transmission.

1. Emerging infectious diseases

1.1. General

Infectious diseases are responsible for 15 million annual deaths (26% of all deaths) worldwide
(WHO 2007). As reported by the World Health Organization, the last 30 years alone have
seen the emergence of about 30 highly infectious human diseases like HIV, Hepatitis C and
Ebola (WHO 2007). Emerging infectious diseases (EIDs) can be defined in several ways but
can generally be categorized into one of 2 groups: (1) those arising from previously unknown
pathogens (e.g. HIV, hantavirus cardiopulmonary syndrome, SARS), and (2) those that result
from the re-emergence of previously known pathogens, such as yellow fever, malaria and
bubonic plague (Morens et al. 2008, Chomel 1998). In some instances the ‘deliberately
emerging diseases’, e.g. anthrax bioterrorism, are considered a third group (Morens et al.
2004).

Many factors can be involved in the (re-)emergence of infectious diseases: the development of
antibiotic resistance; an increase in global human movement and transportation resulting in a
more rapid dispersal of parasitic organisms; an increase of the human population which

amongst others results in the encroachment of humans into more remote areas, allowing
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previously unknown EIDs to arise from sylvatic cycles; deforestation; climate change;
microbial adaptation to new hosts; animal migration and movement; changing human
susceptibility to infection; bioterrorism; ... (Daszak et al. 2000, Morens et al. 2008,
Cleaveland et al. 2001). Aside from the negative impact infectious diseases have on humans
and domestic animals, they also pose a serious threat to wildlife biodiversity (reviewed by
Daszak et al. 2000).

Usually however EIDs arise from changes in the ecology of host and/or pathogen (Schrag and
Wiener 1995), and often they are zoomoses (pathogens with an animal reservoir host). A
literature study by Taylor and coauthors (2001) showed that over 60% of the known human
diseases are zoonotic, and that zoonoses are twice as likely to become an EID as non-zoonotic
pathogens, with many of these pathogens involving free-ranging wildlife (Cleaveland et al.

2001). Two-thirds of the zoonotic pathogens are able to infect multiple hosts and have a



