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Abstract: Lassa fever is an acute hemorrhagic zoonotic illness (possible transmission from infected animals to humans),
caused by Lassa virus whose reservoir host is the Mastomys natalensis (Rodent). It is a disease with a duration of 2-21 days
that strives more in African nations and countries with poor water and environmental sanitation. In this paper, a deterministic
model for Lassa fever is formulated buttressing the various stages of infection of the disease. We studied the existence and
uniqueness of the solutions. The steady states of the model are determined and the basic reproduction number is analyzed with
a threshold parameter R, which shows persistence of the disease if and only if Ry > 1 using the next generation matrix. The
treatment strategies considered amidst others are the use of antiviral drug and to quarantine infected individuals on early
diagnosis of the infection on the asymptomatic and symptomatic individuals respectively. Numerically, it was evidential that
the quarantine system has a great positive effect on the rate of recovery of the infected individuals and also in curbing the risk
of infection in the environment which can help safeguard the population. A relapse on this method will lead to reinfection of
the disease thereby bringing the population to a point of danger.
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fever, general weakness and headache while the serious
cases progress to more severe signs like vomiting facial
swellings pain in the chest, back abdomen and shock
degenerating to hemorrhage (bleeding in gums, eyes or
nose), thus showing symptomatic and asymptomatic signs
[8, 9, 19]. Lassa fever has also been found to have some
links with neurological problems which include hearing loss,
which may be transient or permanent [7, 18]. It has been
found that the disease has a high rate of transmission during
sexual intercourse, the virus can be present in urine for
between three and nine weeks after infection and it can be
transmitted in semen for up to three months after becoming
infected [3, 4, 15]. Lassa fever can be treated with antiviral
drug ribavirin which has been very effective when given
early in the course of the disease [19].

Various theoretical studies have been carried out on
mathematical modeling of Lassa fever transmission
dynamics, focusing on a number of different issues. [11-14],
but not many focus on the symptomatic and asymptomatic

1. Introduction

Lassa fever (LF) which is caused by Lassa virus (LASV)
was first discovered in Nigeria in 1969 [1], an acute viral
hemorrhagic illness, a single stranded RNA virus belonging
to the family Arena viridae whose reservoir is the Rodent:
the multi-mammate Rat (Mastomys natalensis). It is mostly
found in Sub-Saharan regions of Africa, the West African
Countries like Liberia, Sierra Leone, Guinea and especially
Nigeria who has been under its attack for the past seven
decades [2]. The infection of the virus to human occurs by
direct or indirect exposure to animal excrement through the
respiratory or gastro intestinal tracts or eating contaminated
food, touching soiled objects or exposure to open cuts or
sores [5, 6, 10]. Signs and symptoms of Lassa fever
typically occur 1-3 weeks after the patient comes in contact
with the virus. Majority of Lassa fever virus infections
show mild and undiagnosed symptoms which include slight



Mathematics and Computer Science 2020; 5(6): 110-118 111

behavior of Lassa fever and the possibility of transferring it
through sexual intercourse. We present a simple model with
the goal of showing the effect of symptomatic and
asymptomatic nature of the virus and the effect of
quarantining in curbing the spread of the disease.

2. Model Formulation

We formulate a deterministic model for the spread
dynamics and control of Lassa fever that considers human and
vector population at a given time (t). The human population is
divided into six compartments: susceptible humans (Sy),
exposed humans(Ey), infectious asymptomatic humans (Iyy,),
infectious symptomatic humans (Ig) , quarantine humans
(IHQ), and the recovered humans(Ry), the total population of
humans Ny (t) is given by:

NHZSH+EH+IHA+IHS+IHQ+RH'

On the other hand, vector population is divided into three
compartments: susceptible vectors(Sy), exposed vectors(Ey),
and the infectious vectors (Iy). The total population of
vectors Ny (t) is given by:

NV=SV+EV+IV.

The model parameters and their descriptions: Birth or
immigration rate of humans into the susceptible human
population Ay, Birth or immigration rate of vectors into the
susceptible vector population Ay, Natural death rate of
humans and vectors through which they exist from their
individual populations, py and py respectively. The disease
induced death rate of human population of asymptomatic
infectious humans and symptomatic infectious humans
w, and w, respectively, effective contact rate between
asymptomatic infectious humans, symptomatic infectious
humans, quarantine humans and infectious vector or its
contaminants  with  the  susceptible human are
B1luaSh, B2lusSu, B3lugSy and By4lySy  respectively,  of
which Bu = B1luaSh, B2lusSu, B3IHQSH and B4lySy
Effective contact rate between infectious vector and
susceptible vector B, Sy. Rate at which the exposed vectors
move into the infectious population yy, recovery rate of the
quarantine humans mn, proportion of exposed that are
asymptomatic aa , proportion of the exposed that are
symptomatic (1 —a)a, latency period of Lassa fever in
humans a~*and human infectious period &.

2.1. Assumptions

1). There is homogeneous mixing of members of the
population under consideration.

2). Due to the yearly outbreaks of Lassa fever, there might
be new births or inflow of susceptible individuals as well as
natural deaths permitting a demographic process to take place.

3). Infection is passed on through vector contaminants in the
environment or through interaction with infectious humans.

4). Individuals move to R only from Iyq due to permanent
immunity confer on them as a result of effective treatment.

Table 1. Description of variables.

Sh Total number of susceptible population.

Ey Total number of exposed population.

Iya Total number of infectious asymptomatic population.
Ius Total number of infectious symptomatic population.
Ino Total number of quarantine population.

Ry Total number of recovered population.

Sy Total number of, susceptible vector population.

Ey Total number of exposed vector population.

Iy Total number of infectious vector population.

2.2. Model Equations

The transmissions between model classes can be expressed
by the following system of first order differential equations:

ds
=0 = M = BiluaSu — BalusSu — BsluqSu — BalySu — hu (1)

dE
d_tH = B1luaSu + B2lusSu + BsluqSu + BalySy — (a + py)Ey (2)

dr
- = 0By — (8 + 1y + @1)lpa 3

di
=B = (1-a)aBy — (8 +py + wy)lys  (4)

dt
dziitQ = (Iga + Ius)d — (Mg + Mlygq (%)
(T_tH =Nlyq — HgRyu (6)
dj_tv =Av— (Bslv + pv + @v)Sy (7)
d:_tv = BalySy = (vv + 1y + @v)Ey ®)
CE_X = yvEv = (uy + @v)ly ©)
With  the initial conditions Sy(0) = SP, E4(0) =

Ef I1a(0) = IRy Ins(0) = Iis, I (0) = Ifg, Ry(0) =
RY, Sy(0) = Sy, Ey(0) = EJ,1y(0) =1y . The total human
population Ny (t) is given by:

Ng(®) = Su(0) + Ex(0) + Iga(t) + Ius(®) + Igq(t) + Ry (D).

And satisfies the ordinary differential equation

dN
d_tH =Ap— UgNy — w1lga — w2 Iys + Nlyg.

With the initial condition above, we obtain:
dN
d_tHS/\H_ HyNy (10)

On the other hand, the total population of the vector is
given by:

Ny () = Sy() + Ey(D) + Iy(D.

This also satisfies the ordinary differential equation:

dN
& A= (B + @y)Ny (an

In this section, we begin the model analysis by showing
that all feasible solutions of the model system are uniformly
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bounded in a set of Q. Thus, the feasible region

Q= {(SHs EH! IHA' IHS' IHQ' RH' SV' EV! IV) € :RzNH <

BNy <AV (12)

MH wv+oey

Therefore, considering the derivatives of the human and
vector population (1.10) and (1.11) respectively with proper
substitutions and simplifications, we have:

= (Su+ Eq+ lya+ lys+ Ry) <22

HH
Therefore
lim Ny (0) < A
toe Hu
And
Syt Bytly) < —2V
dt Hy + @y

lim;e Ny ()< w’f(pv.

Hence, the feasible solution of the model equations (1.1)—
(1.9) enter the region ©Q which is a positively invariant set.
Thus, the system is both mathematically and
epidemiologically well posed. Therefore, for an initial
starting point x € (2, the trajectory of x lies in Q and so it is
sufficient to restrict our analysis on Q. So that under the
dynamics described by the model equations in (1.1)—(1.9),

the closed set Q is positively invariant set.

3. Model Analysis

3.1. Existence and Uniqueness of Solutions

Theorem 2.1[16, 17]
Let D! denotes the region

[t —tol <b,x = (Xq,Xg, e, Xn), X = (X10,X20, > Xno) (13)

And suppose that f (t, x) satisfies the Lipchitz condition

E(t x1) = (&%) ] S K||x1 = %, (14)

Whenever the pairs (t,x;) and (t,x,) belongD?, where k is
a positive constant. Then, there is a constant § > 0 such that
there exists a unique continuous vector solution x (t) of the
system (2.1) in the interval |t — ty| < 6. The condition (2.2)

. . . ofi . .
is satisfied by the requirement that a_xl'l'] =12, ....,nbe
j

continuous and bounded in D!. Consider the region1 < € <
R, we check for a bounded solution of the form 0< R < oo.

Theorem 2.2

Let D denotes the region defined earlier such that we can
get both the region and the bounded solution hold, and then
there exists a unique solution of the model system (1.1)—(1.9)
which is bounded inD.

Proof

Let

f; = Ay — B1luaSu — B2lusSu — ﬁ3IHQSH — BalySy — g
f, = B1luaSu + BzlusSu + BslugSu + BalySy — (o + py)Ey

f; = aaEy — (8 + py + wq)Iya

f, = (I —a)aEy — (8 + py + wy)Iys

fs = (Iya + Ins)d — (uy + M)lnq

fe = Nlyq — MuRu
f; =Av— (Baly + 1y + @y)Sy
fg = BulySy — (yv + 1wy + @ov)Ey

fo = ywEv — (by + o)y

We show that the % i,j = 1,2,..., 9 are continuous by considering the partial derivatives below:
j
of;
Fr | = (Bilua + B2lus + Bsluq + Baly + pup)| <
H
of; | " | of; Gl < |6f1 Gl < of; Gl <
—| = |- 0, |—— =] - o, |—| =] - o, |——| =| - [e%)
GIV 84 H ’ aIHA | Bl Hl , aIHS | BZ Hl , aIHQ | B3 Hl ,
of. of. of. of.
ORy oSy 0Ey 0Ey
of, of,
|E = |(BlIHA + Bzlus + Bslug + Baly + HH)l: |E| = |—(a+ py)| < oo,
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o, | of, o, of,| Oy | (9 |9f| _
FTN "'BlSHL|aIH | IB2Sul- |51 |B3SHL|aIV|"|B4SHL|6RH|" asv|" aEV|"0 <o
oy
= taat | = -G ool <
fy| | 0fs ofy | 18| _|0f| _ (9f:) _ |9fs
= = = == =2 =0< .
aSul — la1yal ~ |o1yg| — 18Ryl ~ lasyl ~ 9Byl ~ lary
of, df,
o] =10 =@l | = =@+ i+ o)l < e
H aIHS
of, of, of, of, | |0, of, of,
|_= = = |t = |24 = |t = =4 =0 < .
of, 5| |af5 . of, I ) <
= ) = = = |- o,
ETN s FT (ks + 1)
of, of, of, of, of,
oSyl — 18yl — 1aryl ~— lasyl ~ 18E,| ~ a1y
of, of,
= |— < )
| = b [5g| = 1wl <0
of, of, of, of, | |0f, of, of,
= |=(Baly + py = —|B4Svl,
of, of, of, oy | _|0f | 9| _ |9F
|— = |—| = = = = |—| = 0 < 0,
3Sy OEgl ~ 101y, dlysl — |dlyq|  loRyl — laEy
o) _
55 2 = 1=t + o)l <[5 = Igesyl,
ofg| _ |9fs| _ | Ofs | _ |9fe | _ [Ofs | _ |9fs| _
asul — |BEH - |BIHA - |aIHs = otugl — |BRH =0<.
afy
6E |Yv| = |=(uy + @y)| < oo,
of, of, of, 6f9| ofy | | 0f o _ 4
— | = |—| = = = = == = = 0,
0Sul — 10Eql a1l — lalgsl ~ |0luq| — laRul — lasy

This shows that the partial derivatives are continuous and
bounded, so that theorem (2) holds, there exists a unique
solution of (1.1)—(1.9) in the region D.

3.2. Disease Free-Equilibrium Analysis.

To perform the disease free - equilibrium analysis of the
model and to understand better the dynamics of the disease,
we set each of the derived equations to equate zero and solve
for Sy, Ey, Inas Ins, Ing, Ru, Sv, Evand Iy. We will get fixed
points for each compartment for which the system will no
longer change. Solving the model equations to obtain this
state, we have:

— B31uqSu — BalySy — uuSy = 0 (15)

B1luaSu + B2lusSu + BslugSu + BalySu — (& + py)Ex = 0 (16)

Ay — B1lyaSu — B2lusSu

aoEy — (8 4+ pg + w)lga =0
(I—a)aEy — (6 + py + wy)lys =0
(Ina + 1us)8 — pulyg = 0
Nyq — MgRy =0
—(Baly + v + @y)Sy =0
BalySy — (yv + v + @y)E;, =0

YvEv — (g + @y = 0

113

a7
(18)
(19)
(20)
2
(22)
(23)

Solving equations (3.1)—(3.9) simultaneously we obtain:

Eog = (SH: Eu, Inas Ins, IHQr Ry, Sy, Ey, Iv) =
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v
(wv+oy)’

(ﬁ—:‘[ 0,0,0,0,0, 0,0)

as the disease free - equilibrium state.
3.3. Basic Reproduction Ratio

The basic reproductive ratio (number) R, is used in
determining the transmission capability of the disease. It is
taken to be the average number of secondary diseases
delivered by a primary case of an infection in a host
population that is completely susceptible. Ry is a threshold
parameter that decides if a disease can strive in a population.
If Ry < 1, then the disease will die out with time in the
population. If not, it will lead to endemic state in the
population.

We use the next generation operator to compute the
reproductive ratio R, = FV~! which gives the

rate at which individuals in compartment j generate new
infections in compartment i times average length of time
individuals spend in single visit to compartment j. Let F be
defined as the Jacobian of f; where f; is the rate of appearance
of new infection in the compartment i and V is defined as the
Jacobian of v; where v; is the rate of transfer of infections

Anorue Onyinyechi Favour and Okeke Anthony Anya: Mathematical Model for Lassa Fever Transmission and Control

from infected compartment to another compartment j, all
represented in a matrix form.

i/
\

Define fi = (EH! IHA! IHS! IHQ! Ev, Iv)

BilyaSu + B2lusSu + BslugSu + B4lySu
0

0
0

BalySy
0
—(a+ py)Ey
—aaEy + (8 + py + w1)Iya
—(1—a)aEy + (6 + py + wy)lys
—(Iya +Tys)d + (ug + Mlyq
(Yyv + 1y + @y)Ey
—YEv + (v + oy)ly

\i
)

f

vV =

Taking the partial derivatives of f and v at disease-free
equilibrium state, we obtain the following for f and v
respectively, represented as:

My 0 Miz Mia 0 Mye
/0 0 o0 0 o0 0\
F:i 0 0 O 0 0 O i
0 0 O 0 0 O
\ 0 0 0 0 0 mss /
0 0 0 0 0 O
Where my; = %, 13 = BZ%’ =0 = B:QH'mss _ ui‘:/\(;,v'
—a11 0 0 0 0 0
/_a21 a2 0 0 0 0 \
| —as: 0 ass 0 0 0 |
And alsoV = | 0 P 0 0 |
K 0 0 0 0 as O /
0 0 0 0 —aes s

Where a;; = —(a + Uy), a1 = —aq, a5, = (8 + iy + wy),a3; = —(1 —a)a,azz = (6 + py + wy),
Ay = —8,a43 = —8,a4, = (ug + M), as5 = (yv + Uy + @v), 265 = Yv,ags = (Hy + @y).

1
— 0
a1
aa 1
diidzz  d22
dzi
0
vl = d11333
A21a33d42 + A22d31343
di1d22d33d44
0
0

0
0 0 O
0 0O 0 O
1 0 0 O
dzs
1
— 0 0
dsgz ds3 dgq
dz2d44 d33ds4 0 i 0
0 0 ass
0 0 0 g5 i
dss5dee  dee
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ooooo§
a

cocoocoocoo

ooooo§
w

ooooo§
'S
coococoo

1

— 0 0
a1y
aa 1
— 0
di1dzz  Azz
azq 1
=5t 0 -
d11dszz aszz
A21333842+322a31343 A4z Q43
d11d22d33d44 22344  A33d44
0 0 0
0 0 0

Ba Av

R, =
O (uy + oy) (yy + 1y + @y)

3.4. Stability Analysis of Disease Free-Equilibrium State

0 O
0 0
0 O
= 0
Aaq
0 L

(=)
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In stability of the model, we look at the behavior of the population near the equilibrium state. The Jacobian matrix of the
system of equations (1.1)—(1.9) at equilibrium E, is given by

~Hu
Hu

|
HJE, = ‘
|

\

0
0
0
0
0
0
0

0

—(a+un)
aa

1-a)a

(=N eeielel

—(B14n)

—(B24m)

—(Bs4m)

Using elementary row transform on the following matrix below:

We obtain

Where

Ul UH Ul 0 0 0
0 0 0 0 0 0
—(6 + py + wy) 0 0 0 0 0
0 —(6 +uy + wy) 0 0 0 0
6 ) —(ug+n) O 0 0
0 0 n —Up 0 0
0 0 0 0 —(Baly +uy + oy) 0
0 0 0 0 Baly = + iy + 9v)
0 0 0 0 0 Y
-a; 0 =—a, —a; —-a, O 0 -—ag
/ b, -b, 0 0 0 0 0 0 \
| 0 ¢ - 0 0 0 0 0 |
| o d 0 -d 0 0 0 0 |
[ o 0 e e —e 0 0 0 |
l o o o o o -g o0 o0 |
K o 0 0 0 0 h -h, O /
0 0 0 0 0 0 j —j
%k, 0 0 0 0 0 0 0
b, -b, 0 0 0 0 0 O
0 ¢ -¢c 0 0 0 0 0
0 d 0 —-d, 0 0 0 0
0 0 e; e, —e; O 0 0
[ o o o o o -g 0 0|
\ 0o 0 0 0 0 h ~-h, 0 /
0 0 0 0 0 0 j —j
2 = A, = _(BlAH)'a3 _ _(BZAH)’a4 _ —(le\n)'a5 _ =(Balw)
My My My Hu

by = py, by = —(a + py),

—Baly
(uy+ov)

cp=aq, ;== +uy +w),dy =1 —-a)ad, =—(8+py +wy),e; =8,e, =05e;=—(uy+1n)

g1 = —(Baly + uy + @y), hy = Byly, hy = (yv + 1y + ©v), i1 = Yvijz = —(uy + @y).
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Hence the eigenvalues are:

A’l = kl’)"Z = bz,)\?’ = Cz,}\4 = dz,)\s = 83,}\6 = gl,)\7 = hzand)ts = jz.

When A; < 0 for alli = 1,2, ...,8 the system is said to be
locally asymptotically stable at disease-free equilibrium.
Since all the eigenvalues have negative real paths, we say
that Ry < 1 showing locally asymptotically stability which
ends the proof. The disease gradually dies out at this point.

3.5. Global Stability State for the Disease-Free Equilibrium

The global asymptotic stability of the disease-free state of
the model is investigated using the theorem by Castillo-
Chavez et al (2002). The model is written into the form:

dX—FXI
dt X

S =G(X,D),G(X,0) =0 (24)

Where XeR™ denotes (its components) the number of
uninfected individuals and IeR" denotes (its components) the
number of infected individuals including latent, infectious
etc.E, = (X*, 0) denotes the disease-free equilibrium of this
system.

The conditions (H1) and (H2) below must be met to
guarantee local asymptotic stability.

(H1) % = F(X, 0), X* is globally asymptotically stable.

B1luaSu + B2lusSu + B3lugSu + BalySy —
aaEy — (8 + py + wy)lya
(1 —a)aEy — (8 + py + wy)Iys I

|
GX, 1) =

(H2) G(X, D) = Al = G(X, 1), G(X, 1) = 0 for (X, Deq.

Where A = Z—? (X*,0) is an M-matrix (the off diagonal
elements of A are nonnegative) and Q is the region where the
model makes biological sense.

Then the disease- free equilibrium E, = (X*, 0) is globally
asymptotically stable provided that Ry < 1.

LetX = (SH' RH' Sv), I= (EH‘ IHA' IHS' IHQ' Ev, Iv)
Ay — uySy
HuRy
Ay = (v + @y)Sy

The equations are linear and its solution can be easily
found as Ry(t) = R(0)eHH®,

F(X,0) = (

2Hr) WV__p)
Su(®) = (S (0))ers ~ and Sy (t) = (Sy(0))elv+ev)™”

Clearly, Rg(t) = 0,Sy(t) » Nyast — oo and Sy (t) —
Ny ast — oo,

Next we show that condition (H2) is greater than or equal
to zero as follows:

(o + UH)EH\

(Iga + Tus)8 — (ug + Mlug
B4lySy — (yv + 1y + @y)Ey
YvEv — (by + o)y
—(a+ py) B1Su B2Su B3Su 0 B4SH Eqy
aa —(6+pyg + o) 0 0 0 /IHA\
Al = (1 - a)O( 0 —(8 + UH + (1)2) 0 0 | IHS I
= 0 8 8 —(ug + 1) 0 | Tug |
0 0 0 0 —(wtivtoy) B4Sv \ /
0 0 0 0 Yv —(py + @y)
Ay Ay Ay
0+ B1lna <—— SH) + Bzlys <—— SH) + B3lng (_ - SI—I) + 0+ Byly (_ - SH
Hu Hu HH HH
0
G= 0
0

Baly (

If G = (X, 1) = (S > Si) and (Sy > Sy) we see that Eg = X* = (

stability of equilibrium of ‘z—f = F(X,0).

v
(hy + @y) Sv)

0

) is the global asymptotical
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Table 2. Parameter, Descriptions, Values and References.

Parameters Descriptions Values Sources
Ay Birth or Immigration rate of Susceptible human population, 2000 18

Ay Birth or Immigration rate of Susceptible vector population, 500 18

Uy Natural death rate of humans 0.02 CIA-2017
Uy Natural death rate of vector 0.02 18

By Effective contact rate between infective vector or its contaminants with the Susceptible human per contact. ~ 0.08 18

By Effective contact rate between Infectious vector and Susceptible vector per contact. 0.02 Estimated
Py Human induced control 0.02 18

Yy Rate at which the exposed vectors move into the infectious population. 0.001 Estimated
H Recovery rate of the quarantined humans 0.25 Estimated
A Proportion of exposed that are asymptomatic 0.15 Estimated
(1-a) Proportion of exposed that are symptomatic 0.15 Estimated
agt Latency period of Lassa fever in humans days, 3 — 14 0.5 19

ot Human Infectious period days, 3 — 5 0.25 Estimated
W, Lassa fever induced death rate of Asymptomatic infected humans per contact per day. 0.00019231 19

w, Lassa fever—induced death rate of Symptomatic infected humans per contact per day. 0.00019231 19

4. Result and Discussion

In this research work, the disease free equilibrium was
analyzed. The next generation matrix method was used to
calculate the reproduction number which showed that Ry < 1
when locally asymptotically stable, which will lead to a
reduction in the spread of the disease. Using the Castillo-
Chavez theorem, we established the global asymptotic stability
of the disease-free equilibrium which indicates that the use of
quarantine will help in submerging the emergence of new
infectious diseases and put in serious check the hazardous
movement of the infected thereby bringing to a great reduction
in the continuity of the disease in the population.

Numerically the model equations using the parameter values
displayed in Table 2 with the aid of mat lab clearly showed us
that there exists the symptomatic and asymptomatic behavior
of the virus. Although the symptomatic individuals are highly
infectious, the asymptomatic individuals also contributed to
the spread of the disease putting the susceptible population at a
great risk. The isolation of asymptomatic and symptomatic
individuals respectively on early diagnosis helped to endanger
the lives of those exposed to the disease as immediate

treatment is given, thereby reducing the spread of the disease if
kept consistent. Hence there will be a drastic reduction on the
number of the exposed individuals. A relapse in this technique
could lead to a drop on the recovery rate which will lead to
reinfection of the disease in the population.

5. Conclusion

In this work, a determistic mathematical model was formed
incorporating the quarantine system as the major control
measure alongside others. The analytic behaviour of the model
showed that the disease-free equilibrium of the model is both
locally and asymptotically stable if the reproduction number of
the model is less than 1 and unstable if it is greater than 1.
From the graph, it is observed that the quarantine system has a
significant effect in increasing the rate of recovering of
humans down with the disease and lowering the rate of
contraction of the disease. Therefore we suggest that the
continuous use of quarantine system should be employed and
sustained alongside other control measures for all members of
the population where lassa virus is dominant.
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Figure 1. The plot of behavioral graph of humans on quarantining against time t.
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