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THE EPIDEMIC



Arena Virus causing infection

Virus Disease

Lassa virus Lassa fever

Junin virus Argentine hemorrhagic fever

Machupo virus Bolivian hemorrhagic fever 

Guanarito virus Venezuelan hemorrhagic fever

Sabia Brazilian hemorrhagic fever





Demographic Info.

at risk-

those who 

live in 

areas with 

Mastomys 

rodents



Lassa carrier, Mastomys Nataliensis



LASSA FEVER IN NIGERIA



History of Lassa Fever Disease

(Modified from a map by Daniel Dalet that is freely available at http://d-maps.com.) 

http://d-maps.com


Current outbreak in Nigeria

• From 1st January to 16th September 
2018, a total of 2559 suspectedi cases 
have been reported from 22 states. Of 
these, 506 were confirmed positive, 10 
probable, 2044 negative (not a case) 

• Since the onset of the 2018 outbreak, 
there have been 133 deaths in confirmed 
cases

• Case Fatality Rate in confirmed cases is 
26.3% 



Number of HCW affected

• Thirty-nine health care workers have been 

affected since the onset of the outbreak in 

seven states –Ebonyi (16), Edo (14), Ondo (4), Kogi (2), 

Nasarawa (1), Taraba (1) and Abia (1) with ten deaths in Ebonyi (6), Kogi 

(1), Abia (1), Ondo (1) and Edo (1)

• 82% of all confirmed cases are from Edo 

(46%), Ondo (23%) and Ebonyi (13%) 

states 



Lassa Fever: Delta confirms death, says no cause for alarm

• Last weel the Delta Ministry of Health has 
confirmed the death of a woman who 
allegedly manifested symptoms of Lassa 
fever virus.

• The woman, who is now deceased, had most 
probably transmitted the infection to 2-HCW 
who treated her. They, the two patients are 
currently under medical care and they are 
responding to treatment, pending the 
outcome of the test,” Okoba said.

On: September 17, 2018



Mapping of the 2018 LF outbreak, 

Nigeria



THE VIRUS



Lassa Virus Structure
Family: Arenaviridae, 

now in the order Bunyavirales

Two ambisense genome segments
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➢ Lassa virus causes up to 300,000 annual infections in 

West Africa and ~3,000 deaths per year. 

➢ Mopeia virus is a close relative of Lassa virus, found in 

South-Eastern Africa where it does not cause disease. In contrast 

to Lassa, Mopeia virus is not lethal in guinea pigs and monkeys, 

and can protect them from LAS challenge, like a natural vaccine.

➢ Co-infection of cells with both viruses can produce 

Mop/Las reassortants.

Mopeia Virus, an attenuated relative of Lassa





Reassortment between Lassa and Mopeia Viruses

MOPEIA

LASSA Mop/Las Sequence: 

Moshkoff, Salvato, Lukashevich 2005



THE VACCINE



Strategy for vaccine production:

Pre-clinical 

studies in 

USA

GMP 

production 

in Russia

Tech 

Transfer to 

Africa



Process for making AHF vaccine:



Steps in producing Lassa  Hemorrhagic fever reassortant live-

attenuated Vaccine

Tissue culture

+

72 h
8 h

Lassa vaccine bulk 

formulated for 

lyophilization process

• Can be stored for 3 years 

at -80o C

• Serum free

*Sterilization by filtration

* Stock dilution approx. in 10 000 times

Lyophilization and blister filling process 

QA/QC

release

Final product Lassa vaccine lyophilized + diluent in one 

blister  

Blisters can be stored for 2 years 

One week for 1 MLN doses



Facility for making AHF vaccine:



Clinical Trials 



Strategy for vaccine clinical trials:

➢ Lassa fever is a recurring epidemic, appearing every year 

during the November to February dry season., fast becoming 

endemic in many communities of WA

➢ Nigeria has recently been recognized as the richest African 

country with many natural resources and a dynamic economy.

➢ According to reviews and discussion with WHO (Jan’18) the 

Mop/Las vaccine is the most broadly cross-protective Lassa 

vaccine available. 

➢ Because Lassa disease is Endemic, recurs annually and 

because Nigeria can now afford better medicine, it is 

important to organize proper placebo-controlled clinical trials.  

Ring vaccinations cannot be the only approach.



Preclinical evaluation of the safety and 

immunogenicity of a Mop/Las vaccine 

candidate 



FDA “Two Animal Rule”
(21 CFR 314.600 & 21 CFR 601.90)

The FDA can approve drugs that are shown to be effective in two animal 

models, without clinical trials for effectiveness, under the following conditions:

■ Human efficacy trials are not feasible or ethical

■ Efficacy is shown in well understood animal models

■ Efficacy is substantiated in multiple species

■ Human clinical data on safety, toxicity, and immunogenicity is

still required

Diseases that may be affected by the animal

rule include:

■ Anthrax

■ Botulism

■ Plague

■ Smallpox

■ Tularemia

■ Viral hemorrhagic fevers



Mop/Las Vaccination of Guinea Pigs
Animal

Group

Challenged

virus

Dose,

PFU

Vacc/chal

interval, days a
No. survived/

No. infected

Survival,

%

Day of

death

No vaccination

1. LASV-Jo 10e+1 na b 0/4 0  15-17

2. LASV-Jo 10e+3 na  0/5 0  15-16

3. LASV-803213 10e+3 na  0/5 0  13-15

4. LCMV-WE 10e+3 na  0/5 0  13-14

The MK18 conventional vaccination (challenge on day 30)

5.  10e+2 no challenge na na  6/6 100 na

6.  10e+6 no challenge na na  6/6 100 na

7.  10e+3 LASV-Jo 10e+3 30  6/6 100 na

8.  10e+3 LASV-803213 10e+3 30  5/5 100 na

9.  10e+3 LCMV-WE 10e+3 30  0/6 0  16-21

The simultaneous vaccination/challenge experiments (challenge on day 0 and 2)

10a.10e+6 LASV-Jo 10e+1 0  5/5 100 na

10b.10e+6 LASV-Jo 10e+1 2  3/5 60  10c, 15

11a.10e+6 LASV-Jo 10e+3 0  4/4 100 na

11b.10e+6 LASV-Jo 10e+3 2  4/5 80  10 c

12a.10e+2 LASV-Jo 10e+3 0  3/4 75  14

12b.10e+2 LASV-Jo 10e+3 2  3/4 75  16

13. 10e+6 LASV-803213 10e+3 0  3/5 60  12, 17

14. 10e+6 LCMV-WE 10e+3 0  0/5 0  14-16

aAnimals were s. c. vaccinated with the Mop/Las reassortant (day 0) and challenged simultaneously on day 0, 2, 30 after vaccination.

Death or survival past 21 days was set up as an endpoint. Amino acid difference between LASV-Jo and LASV-803213 is the highest within 

LASV genetic lineages I-IV.
bNon applicable.
cNon-LASV-specific death (inappropriate anesthesia).



•Six animals were s.c. vaccinated with Mop/Las (low dose). 

•Four animals were injected with PBS (control). 

•On day 30 all animals were challenged with LASV-Josiah (1 × 103 PFU in 0.5 ml). 

•During 17–21 days after LASV challenge animals from the control group met euthanasia criteria and were 

sacrificied. 

•Vaccinated animals had no clinical manifestations of disease and were necropsied at the end of the 

experiment, on day 35 after LASV challenge

Mop/Las Vaccination of Marmosets



Reassortment analysis

X
LCMV-WE or Lassa LCMV-ARMSTRONG or 

Mopeia

LCMV-WE /ARM                  
LCMV-ARM /WE 

or ML29 

(Mop/Las)

Z              

L                  

GP   NP                  

Virulence determinants were found on the L RNA

Moshkoff D, Salvato MS, Lukashevich IS. 2007. 



Viability of project



Assessment of the Lassa vaccine market in West Africa 

Please note that Nigerias current population is put at 197,000,000 

and West African region is well above 500,000



CEPI criteria for Lassa Vaccine

1. Cheap to produce

2. Product Characterized for FDA approved IND.

• Chemistry, manufacturing, and controls (CMC) 

issues in IND applications 

3. Broad Cross-protection

4. Capable of rapid or even post-challenge protection.

5. Clear Immune correlates of protection

• For short-term protection

• For long-term protection

6. Safe in immune-suppressed people

7. Shelf-life at least a year at room temp.

8. Adaptable to local production



➢ Sequence of the Mop/Las vaccine has been published (Moskoff et al 2006)

➢ Guinea pigs vaccinated with a Mop/Las vaccine experienced sterilizing immunity and 

complete protection with homologous virus and with the heterologous Nigerian isolate

➢ According to reviews and discussion with WHO (Jan’18) the Mop/Las vaccine is the most 

broadly cross-protective Lassa vaccine available. 

➢ Simultaneous immunization-challenge or challenge 2 days before immunization also 

protected 60-100% of the animals against both Lassa strains

➢ The vaccination elicits specific immune responses and completely protects Guinea pigs and 

Marmosets from fatal disease by induction of sterilizing cell-mediated immunity 

➢ This vaccine elicits immune responses in SIV-infected monkeys and does not negatively 

impact their lifespan  (Zapata et al 2013)

➢ The Mop/Las reassortant (MK18) is a promising vaccine candidate for Lassa fever

Conclusions about the vaccine:



Conclusion:

➢Our goals to advance the Mop/Las (MK18) 

vaccine and transfer technology to Nigeria are 

in line with the WHO Roadmap for Lassa 

Fever. 

➢The WHO task force named the Mop/Las 

vaccine as one of 3 top vaccine candidates 

➢The WHO task force recognized the Mop/Las 

vaccine as the most broadly cross-protective 

vaccine. 
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The End


