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Abstract

In this paper, a six compartmental model for typhoid transmission dynamics incorporating
vaccination as a controlling measure in human population was formulated. Mathematical
analysis was carried out to determine the transmission pattern of typhoid infection in the
population. The model was formulated using system of differential equations and we determined
the control reproduction number which is a vital threshold parameter for measuring the control
and propagation of infectious diseases. The stability analysis was carried out and it was found
that typhoid infection undergoes both local and global asymptotic stability. Disease free
equilibrium exist, and is locally and globally asymptotically stable if the control reproduction
number is less than one and unstable if greater than one. The study shows that typhoid infection
is endemic, and locally and globally asymptotically stable if the control reproduction number is
greater than one. The model exhibits backward bifurcation which is caused by loss of temporary
immunity of recovered human population.
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Introduction
Typhoid fever is a systemic infection caused by Salmonella typhi (S. typhi) predominantly
endemic in under-developing countries of Africa, Asia; and parts of developed countries in South
America. Its mode of transmission is through oral route (Crump & Mintz, 2010). Upon entering
into the host, the bacteria colonize the small intestine and start replicating rapidly, and thereafter
invade the gastrointestinal tract and spread to different vital organs which includes spleen, liver
and bone marrow (Raffatellu et al., 2008). The severity of typhoid infection is characterized by
initial infective dose, virulence and the host immune depressed response. The Salmonellosis is
basically more than 2,000 species causing zoonotic infections, however there are two
salmonellae whose only reservoir is the human being: salmonella typhi and paratyphi. Globally,
typhoid fever is not a reportable disease in many countries (Getachew et al., 2017). The estimated
number of cases excluding China is 5-20 million annually, mainly in South East Asia, India and
Africa, in countries with poor sanitation and inadequate portable water supply system. Latin
America recorded one of the highest number of typhoid fever cases after the cholera epidemic,
in 1991 and has significantly reduced the number of cases in the country (Gotuzzo, 2018).
Typhoid fever poses one of the major public health concerns in tropical developing
countries, especially in areas where access to clean water and other sanitation measures are
limited or inadequate (Stephen, 2017). Typhoid fever has complex pathogenesis and manifests
as an acute febrile disease, with relatively long incubation period that involves the transmigration
of the microorganism through the Peyer’s patch, localizes multiplication in the mesenteric lymph
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nodes, and subsequently spread to the liver and spleen prior to showing clinical symptoms. It is
a serious life-threatening infection characterized by false diagnosis due to similar signs and
symptoms with malaria, which leads to improper controls and management of the disease.
Despite extensive work on typhoid, not much is understood on the biology of the human-adapted
bacterial pathogen and the complexity of the disease in endemic areas, especially in Africa
(Moatlhodi et al., 2016).

Mathematical models have over the years gained wide acceptance as an important tool for
studying the dynamics of the transmission of infectious diseases. In the past decades, several
authors including Moatlhodi and Gosalamang (2016), Stephen (2017) and Gotuzzo (2018) have
adopted mathematical models to study typhoid fever infection and other related diseases. The
present study incorporates vaccination as control measure in typhoid model which the above
authors did not include and analyzes the model for stability so as to reduce the prevalence of
typhoid infection in human population.

Materials and Methods
Model formulation: In this study we considered two populations; human population (N ) and
bacteria population ( M ) to describe the dynamic of typhoid infection in a medium, that is, food
or water. The human population at time, t is divided into five (5) subclasses depending on the
epidemiological status of individual. Susceptible (S ): Carrier (1_): Infected human population
(1;): Treated human (T, ): Vaccinated human (V ):

Susceptible humans are recruited at a rate A, (1- f ). Proportion of human population is
vaccinated and loss immunity at arate (y/; ). 7 is the rate at which recovered human population
lose temporary immunity and move into susceptible human class. The susceptible human

contract typhoid at rate (A; ), where 4. = ’BTIZ/IS—(lM_H)
+ S

The Model equations are:
V= fA, —kV

S=AQ=F)+)7Tr vV —A4S—44S

Ic:ﬂ"TS_kZIC (1.1)

I =or | —k, I

T =0l +7;1; =k, T;

M, =gl +6l; —ks M,
Where K, = (y; +1,), K, =(u, + o +o; +&), Ky=(, +70 +5,+0,), K, =(u, + 1)
and k5:(:us+5s)
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Variables Description

V' Vaccinated human population

S Susceptible human population

I ¢ Carrier human (asymptomatic) with potential typhoid causing bacterium
I Infected human with typhoid fever

TT Treated human population of typhoid fever

M Total bacteria (salmonella typhi) in the medium

Fig. 1: Flow Diagram of Typhoid Fever Infection
Table 1: Description of state variables of typhoid model (1.1)

Table 2: Description of parameters of typhoid infection model

Parameters Description

A, Birth or emigration rate of human into the susceptible population

yw, Rate at which individual loses immunity and move to susceptible class
4, Natural death rate of all human subclasses

», Waning rate of temporary immunity of the treated human

. Treatment rate of infected human with typhoid fever disease

o, Removal rate of carrier human subclass by gaining natural immunity
a, Progression rate of carrier human into infective subclass

91 Disease induced death rate of infected human
£, Contribution of carrier human into the medium

£, Contribution of infective human into the medium

¢, Natural death rate of the salmonella typhi in the medium

&, Water sanitation leading to death of salmonella typhi

3, Exposure/effective contact rate of human to bacteria in the environment.
A, Force of infection for human with typhoid

f Population of human vaccinated

1-f Proportion of human not vaccinated
@ Compliance rate of human population to water and food hygiene in the environment
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Analysis of the Model

We consider the region D :{(\/,S, I, 17, 1) el 2N, sﬂ}, it can be shown that the set D is
Hn

positively invariant in the region D and an attractor of all positive solutions of the model (1.1).
Lemma 1: The region D is positively invariant for the model (1.1).
Proof: The derivative of the total human population (N, ) is

N, =V+S+ 1 +1+T. = A, =N, —gl. —&,l; —6T; (1.2)
By standard comparison theorem and solving using variable separable method we have

N, sﬂ—(—/\“ _”“NOJe‘*’ht (13)
Hh Hh

As t — o0in (1.3), the human population size N, — An which meansthat 0 < N, < An . Thus,
Hh Hn
the feasible solution set of the system (1.1) enters and remains in the region D .

D:{(s,v,lc,lT,TT)emﬁ 'Nj, sﬂ}
Hn

We therefore conclude that model (1.1) is well posed both epidemiologically and
mathematically. Hence, it is sufficient to study the dynamics of the basic model in the region D

Positivity of the Solutions
We assumed that the initial condition for the model (1.1) is nonnegative. We then show that the
solution is also positive.

Lemma 2: Let the initial condition for model (1.1) be S(t) >0, V(t)>0, I_(t)>0,
I;(t)>0, T, (t) >0, and M_(t) >0 then the solutions of S(t), V(t), I.(t), I-(t), T,(t)
and M, (t) will remain positive for all time, t>0.

Proof: From the model equation (1.1), we choose the equation for susceptible human S(t) to
prove this proposition as follows:
Let t, =sup{t>0:5(t) >0,V(t) >0, I (t) >0, I (t) >0,T; (t) >0,M(t) >0} >0

Q= A1) =28~ 8 G 2 Ay (= )= (g + 1)

S > Ay )=y + )3 (L4)
By integrating factor method
%{S(t) exp((t4) + [ A (@)d o)} A, (1= T expf(4) + [ 2+ (@) d ) (L5)

' 4

S(ty) exp{(a4, 1) + [ A (@)d}-S(0) > ["[A, (- F)exp{(a,y) + [ 1 (w)d}dy

170



Abacus (Mathematics Science Series) Vol. 48, No. 2, August 2021

S(t) exp{(, 1)+ [ 2 (@)d e} = S(0) + [ A, @A F)exp{(u,y) + [ 4 (@)des}ldy
S(t,) = S(0) exp{~(t4, t)) [ 2 (@)d o+ [exp{~(11, t)) - [ 1 (@)d o}]

4 y
[ An@= D)lexp{(u,y) + [ A (@)dew}]dy >0 (16)
Similarly, the proof holds as all state variables of the model (1.1) remain positive for all time,
t >0 sothat V(t) >0,1_(t)>0,1,(t)>0,M,(t) >0

Stability Analysis of Model (1.1)
Local Stability of Disease-Free Equilibrium (DFE) Point &

We determine the disease-free equilibrium (DFE) of model (1.1) by equating the right-hand side
of the model equation (1.1) to zero and evaluating its values. Also, we set the force of infection
to zero which makes all disease compartments to become zero (i.e. 1, = 1, =0) and solving the

equation gives the DFE:
égz(mh Ah«l—f)wa),o,O,o,oj )

Ky 7 Hnky
where k; = (y, + )

Control Reproduction Number, R; for Model (1.1)
The Stability of & is established using the next generation operator method by using the notation

in (Van Den Driessche and Watmough, 2002), so that the matrices F and V are determined as
follows from equation (1.1).

At disease free equilibrium F becomes

0 0 KBT(lK—ZH)S
F = 00 0 (1.8)
00 0
k, 0 0
V=l-a k0 (1.9)

—& —a, Kk

Using Maple software, FV  is obtained as follows;
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B (1-0)S'[ars, +heer] B (L-0)S's, Br(1-6)S” |

FV!= 0 0 0
0 0 0

(1.10)
Wherek, = (w; + 1,) . K, = (u, +ar +or +&) Ky =(g, +y7 +0 +p4,) K, = (4, +77)
k5 = (,uS + 53) and K = Concentration of salmonella typhi in the environment.

Therefore, the spectral radius is obtained as:
B; (1-6)S [ars, + ket ]

— 1.11

r KK, Kok, -

R _B 1-0)S [eye, +kee,] (1.12)
J Kk,kok |

The value RT is the control reproduction number for typhoid infection

where
g - An(@-)+yrf)
Lnky

(1.13)

Theorem 1. The disease-free equilibrium point of model (1.1) is locally asymptotically stable if

R; <1 and unstable if Ry >1,

By theorem 1, biologically speaking, typhoid fever would be completely eliminated from human

population when RT <1iftheinitial population size of the sub-human populations of the model

are in the region of attraction of cf:;) . Hence, the disease-free equilibrium (DFE) is locally

asymptotically stable (LAS) if RT <1

Global Stability of Disease-Free Equilibrium (DFE) Point

Theorem 2. The disease-free equilibrium is globally asymptotically stable in the region D if

R, <1.

Proof: We prove this theorem by first developing a Lyapunov function, tactically.
£,06 +Kq€
V="—"T""21 +gl; +kM,

2
(1.14)
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where V = Lyapunov function, |C , |T and M s are infectious compartment extracted from the
model (1.1).

Differentiating equation (1.14) and substituting |, ,l; and l\/.lS from (1.1) gives:

* sar +kag *
V="2T 3 g,
ka

I+ +ks Mg

v =%”3‘%(1T8—kzlc>+sz(aﬂc—kslT)+k3(sllc+sle —ksM)
2

(1.15)
Simplifying gives
V = BTMs(l—H)S[aTé‘z +Kzé]
K+M, K,

- kSkSMs

MS

:I:BT (1-0)S[ar&; +kaeg ] —koksks (K + Ms)]m

BT(l_H)S[aT€2+k3‘91]_l KM
i Kk,KsKs ky (K +M,)

KB (1-0)SMlarep +hata] |,
35Vl
Kk,ksksM ¢ (K + M)

MK KB; (1-0)S[orr &) +Kqe1] 1M
' 3751 s
| M (K +My) Kk, Ksks

y K
V=—R; -1k:k:M
{(K-I—MS)T :|35 S

(1.17)

(1.16)

V =0,if M;=0, and V <0,if R; <1, forall t >1.

Therefore, we conclude that V is a Lyapunov function in D, and it follows from LaSalle’s
principle in LaSalle (1967) that every solution to the equation (1.1) with initial conditions in D
converges to the DFE as {—>00. This means that (|C, |T, Ms) — 0 substitute

=1, =M, =0; ves 5= |
¢ = It =M =Uinto model (1.1) gives S=—as t —> 0. Therefore, the DFE is globally

h

asymptotically stable in D .
Existence of Endemic Equilibrium Point (EEP)
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We  denote  endemic  equilibrium  point (EEP) of model (1.1) by

£ :(V“,S“, I, ,IT“,TT**,M;*)and solving model (1.1) in terms of force of infection

setting the rate of change of variables with respect to time at the left-hand sides to zero, we obtain
i.e.
fA,—kV =0
Ay@= D)+ T +yrV =4S -4, S =0
AS—k,T, =0
ol —kgly =0 (1.18)
orl, +ply =k, Ty =0
&l +&Tr —ksMg
Solving  the equations individually —we obtained the following  values:
Hziéﬂsﬂ:AdMa—n+%¢)lﬂ:@§*Iﬁz%xﬁ“
k ko (gt + A7) e kp ! K3k,
o keor ST +orar S
Kyoksk,

\

w kee S +e00 S

.
! kZ kS k5

IMS

(1.19)
Therefore, EEP of model (1.1) exist as:

fA, Aplk@—F)+yr ) 4S™ o A4 ST

B L ATy ke keky
50 :(V iS 1|c 1IT 1TT IMS ): ' Hl(luh+ T )*-k ? sk o .
Kyor S +oror A4S Kee S +&ar A4S
KoKsky ’ K, Ksks
(1.20)
Recall that
w BM (-0
Ar :BTS—() (1.21)

K+M,"
Substitute the value of n ™ into (1.21)
Br (1- ) (exks + arp) An (Ko (L- ) +yrr f ):l/IT**
A = kokokaky (4t + 47 )
K+ [(eaks + o) An (ke (L L) +y7f)]
KekoKsky (ath + 27 )

(1.22)
Simplifying (1.22) we obtain

(1.23)

174



Abacus (Mathematics Science Series) Vol. 48, No. 2, August 2021

Either 4 ~—0 or B4~ +B, =0:/1T**:_T:2<0
(1.24)
Where B, = Kk kykzks + (51k; + £501 YAy (K (1= )+ £) >0

B, = Kt kykokaks — By (1- )] (e1ks +at7 &) Ay (K (L ) +y7 )]

1- k Ap (g (- f f
Kok 11 B GOkt M (@ D e D)
K gk koksks
(1.25)
B, <0if Ry >1

Therefore, the model equation (1.1) has a unique (stable) endemic equilibrium if RT >1 since
M >0 for Ry >1

Local stability of Endemic Equilibrium Point (EEP)

Theorem 3. The endemic equilibrium of model (1.1) is locally asymptotically stable if RT >1

and unstable if R; <1.

Proof: By theorem 3, biologically speaking, typhoid fever would persist in human population
when RT >1 if the initial population sizes of the sub-human populations of the model are in the
region of attraction of é’::;

Jacobian expressed in terms of force of infection result thus:

-k 0 0 0 0 0
Yt _[lT** + ﬂh} 0 0 »n 458
&o) = 0 ATST kg 00 ATST (1.26)
0 0 ar —k; 0 0
0 0 or 1w kK 0
0 0 g & 0 —ks |
-k 0 0 0 0 0]
yr A0 0 y» -B
- o ¢ k 0 0 D
&0y = 2 (1.27)
0 0 o kg 0 O
0 0 o 7w -k O
0 0 &g & 0 k]
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The upper triangular matrices of f::; is obtained as follow:

[k, 0 0 O 0 0 |
0 -A 0 0 o
0 0 -k, 0 % 0
e ol 0
0 0 0 0 _kekikyA—kgor Ay —Tron dr g 0
koks A
0 0 0 0 0 ks |
(1.28)
M. (1-6
Where A = BTS—(,,k)+yh
K+Mq

ﬂiz_kl,/iz :_A,/Lq :_kg,/u:—kg,% =—k5 and

Je =_k3k4k2A_k3o-TﬂT7/T — )y =k, <O(if y, =0)
Kk, A

(This holds for a special case where /7 = 0, the cause of backward bifurcation is set to Zero)

Hence, the endemic equilibrium point (EEP) is locally asymptotically stable (LAS) if RT >1
and )7 =0

Global Stability of Endemic Equilibrium Point (EEP)

Theorem 4. The Endemic equilibrium point of model (1.1) is globally asymptotically stable if

R; >1, otherwise unstable if Ry <1

Proof: We shall verify this by setting up a Lyapunov function L defined below
We assume that:

Y1 =y =0,

Let A @-f)=A (1.29)
_BM1-0) _ =

A= K+ My = BrM

L:(s-s**—s’“*mS%)+(|C-|C**-|C’*|nLg*)+A(|T —ITH—ITHInll—Tﬂ)JrB(MS—MSH—M;*In ,\:Ai*)

Ic T S

(1.30)
Differentiating (1.30) gives:
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L:(S—S—S)+(IC—|°—IC)+A(I —'T 1)+ B(M—MS M)
S Ic T Ms
(1.31)
Substitute (1.1) into (1.31) gives
e

*k

LzA—BTMSS—th—SS EIBMS -kl T+ Al -kl) -

[A-BMS- 14, S]+(BMS—k, -
| -
I (a; 1, —ks1;)) +B((gl, + &,1; —k;M )—M—(glc+£2T ksM.))

' (1.32)

At steady state from (1.1), A=B,S"M ** +1.S”
Substitute for A in (1.32) gives:

**2

L:ETM:*S**'I'/Uh -BM S-S BTM T

2

— o~ = IH, ok
+BTS M, +4S +BTMSS—k2IC—|LBTMSS+k2IC + Ao | - Akl

ok

- M M "
AL o1+ AK 1,7 +Bal, +Bg,l, —BKM —B el B gl +BGM]

IT S
(1.33)

ke

Solving for A and B gives:
ETS’H:S‘Z B= ETS’Hc

A= , B=
k3k5 k5
B;S"M” ksl ™ = hy
k, = Br —. = 3*1 V& :k5'\fj —gz,lj . (at steady state)
I I I I
Substitute for kz , Aand B into (1.33) and simplifying reduces it to
_ "2 _ 2 . BS'MTIT BS"e I kIl
L=BM ST S uhS—SfBTMS—ﬂthwS —*BTMSS+BT e B0 B 1 0 (] 3
S S [ | kks 11
B,S"¢ « B.S"M” BS™ M~ B.S™ .
+BT 2k3|-|- _BrS _551|C_Brs _5(92|_|__|_£k5|\/|s
k3k5 k5 Ms k5 Ms kS
Further simplifying (1.34) and substituting g, = kM—gllc into the results:
. . 2 **2 . - .
L=BiM7S™+ 14 —ﬂhS—?&Ms—ﬂh%ws —%&MM@ M B I'TI = BTSk i
c 5T

177



Abacus (Mathematics Science Series) Vol. 48, No. 2, August 2021

B;S gl BSTMTgl, BSTMTl BSTMTPie
c s _ s s +

B;S"M ™2l — ST™M”
s M e Moks T
(1.35)
— =1 _ " "M M "1*g -
sl S S g S M M ST L ML SR 1
S S VI Vi R T T el N

STBM 71 ¢l 117

n B, : C 1T 1——c 1

kSMSIT IC T
(1.36)

We conclude that since the arithmetic mean exceeds the geometric mean, the following

inequalities holds:

- S 5 _y 1—L—L£0;4—S——M;—L—M;S——i'—;——MS <o
s™ s I I SM™ ILMT S 11T M, I
1—'—0'|Lso

C
Thus I._SOfor RT >1, hence Lis a Lyapunov function in D and the EEP is globally
asymptotically stable (GAS) (for special case d =0, /7 =V¥; = 0,) based on the LaSalle’s

Invariance Principle in LaSalle (1969).

Bifurcation Analysis of Model (1)

We investigate the existence of backward bifurcation at RT <1, We use the Center Manifold
theorem as presented by (Augusto, 2017; Castillo-Chavez, 2004; Eguda, et al., 2020).

Theorem 5: Model (1.1) undergoes backward bifurcation when RT =1 fora special case when
rr=0.

Proof: We prove this theorem based on the Center Manifold theorem as applied in Andrawus et
al. (2017). From the model (L.1) let X, =V, X, =S, X, =1, X, =11, X =T; and X; = M, . we
obtained the following transformation for model (1.1):
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X = fA,—kX

B0,

XzzAh(l_f)+7TX5+WTX1_ K+, h X2

* X. (1—-60)x
B0

K + X, (1.37)

Xy = O X3~ kX,
Xs = OrXs + 70X, — KX
X = &%+ &%, — Ks X
The Jacobian of the transform equation is obtained at DFE as:

-k 0 0 0 O 0
1-0)x
yr -4, 00y _%
. 1-0)x
J()=| 0 0 -k 0 O %
0 0 o -k O 0
0 0 o 1 -k 0
| 0 0 ¢ & 0 —ks |

We consider the case when g_ — B_*is chosen as the bifurcation parameter at RT =1, we obtain
that:

R = By (1-0)lare, +ky&1S — K 24, koK3ks

K iy koksks B AL-O)[ar e, +kp611S”

(1.38)
We determine the right eigenvector of J (5*)& p*

W= (W1,W2,W3,W4,W5,W6)T
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_ Br (1-0)Xo[yr (o7 Ks + 7rar ) — 14 Koksk, JWe
K tnkaksk,

W,

. — BrA=0)xw,
3 — '
KK,
_ o1 Br1-0)x,Ws
‘ Kkyks
We = Br 1—-0)x,Ws[orks + 7707 ]

° KK,kgk, ’

The above eigenvalues were obtained by solving these equations:

L (1.39)

Br (1-0)x W 0
K

1-0)x
—k2W3+w=0 i (1.40)

W — MWy +ypWs —

oWy —ksw, =0
oWy + 77 W, — KW =0

&W; +5,W, —Kswg =0

In the same manner we obtained the left eigenvector of J (§*)BT:BT* as

V=V, V) Vg, Vy Vi, V)
v,k +Vop =0
Vo =0
—V3K, + Va7 +V50r + Ve =0
—V,K; +V57r +Vge, =0
Va77 —Vsks =0
—V,Br -0)x, 4 V3B (1-0)%, “Vgks =0
K K
(1.41)

Solving the above gives:
V=V, =V5 =0

_ar&Vg + Ks&1Vg AL
= Vg =
k2 k3 k3

Va3 Vg =Vg >0

Formulation of aand b
We compute the associated non-zero partial derivatives at DFE and the bifurcation parameters
are presented as follows:
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a= ka (00)

k,i, j=1
(1.42))
From the transformed equations (1.37)
o*f  B(Ll-6)
OX, OXg K
o°f
X, B;”
0% f _a-0
B K ‘
2
a = 2uw,Ws ——>—(0,0)
2 6
a 2(0‘T‘92 + ksgl) Br (- t9))( Ws[rr (o7 kg +7rar ) — 11, KKKk, | B (1-6)
- kaks 4y KoKk, K
(1.43)
a=G, -G,
Where
G — [2(ar &, + K1) By (L= 0) X We (71 (o Kg + 7r 07 ] 1-0)B
' 1 KKokoksksk, K '
_(@-6)B;
27 Kk,ksK
and
5 o*f
b=") vw,—=~-(0,0)
g;l ' Ox, 0By
(1.44)
. 0% f
g; OXs 0B

ks (K+X5)Vs  KeBr @=0)x; (1-0)x]
BT(l—e)X: ko (K +%g) K
kska (1— 0)X VeWg
= >0
Kk, o
(1.45)
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Since the bifurcation coefficient b is positive, it follows from theorem 2 of Castillo-Chavez and
Song (2004) that the transformed model (1.37) will undergo a backward bifurcation if the
bifurcation coefficient a is positive.

Results and Discussion

Epidemiologically, typhoid can be eliminated from human population if the initial size of the
bacteria population is reduced nearly to zero (small enough) such that the control reproduction
number can be brought below unity (i.e. R; <1). The model (1.1) undergoes the phenomenon of

backward bifurcation whenever a stable disease-free equilibrium point coexists with a stable
endemic equilibrium point and the associated reproduction number is less than unity. The
epidemiological implication of the backward bifurcation of the model (1.1) is that the necessary
requirement of the reproduction number being less than unity becomes only a necessity, but not
sufficient condition for typhoid fever control, thus the necessity of the use of vaccine. Hence,
this research shows that the loss of acquired temporary immunity from treatment of human

population of typhoid fever, }7 is the cause of backward bifurcation in the typhoid transmission
model.

Conclusion

In this research, we formulated and analysed compartmental typhoid dynamic transmission
model incorporating vaccination as a control measure to eradicate typhoid infection from human
population. The quantitative analysis of the models indicates that the solutions of the model are
bounded and positive. This study obtained the reproduction number (R;) for typhoid

transmission dynamics and established that the disease-free equilibrium is locally and globally
asymptotically stable if R; <1, and unstable when R; >1. It was proved that the model will

undergo the phenomenon of backward bifurcation for a special case when (y; =0, R; =1), i.e.

DFE coexists with endemic equilibrium. The study revealed that when adequate environmental
sanitation is maintained and portable water are provided with routine proper treatment culture
cultivated, then, the medium for breeding salmonellae will be totally checked. To effectively
control typhoid fever infection in human population to a very large extent, the study proposed
the use of vaccination under strict compliance.
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