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Abstract: In this paper, three mathematical models concerning the effect of leucocyte, antibiotics and immunologic
adjuvant against toxoplasma gondii were proposed respectively. In the case in which toxoplasmosis was inhibited
by leucocyte in the host, it is shown that toxoplasmosis can be destroyed depending on the immune strength of the
host. In the case in which antibiotics treatment is used, it is observed that input concentration of antibiotics has
significant influence on toxoplasmosis. In the case in which immunologic adjuvant was imported to the body of
the host, it can improve immunity of the parasitifer to attain the propose of killing toxoplasma gondii eventually.
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1 Introduction
Toxoplasmosis, a cosmopolitan disease in humans and
most mammals, is caused by the opportunistic proto-
zoan toxoplasma gondii mainly through peroral infec-
tions, bloodstream infections and congenital acquired
infections (see Fig.1 [1]). It has been estimated that
one third of the world population has been infected
[2,3]. It would lead to its parasitifer’s immunity drop
with various diseases. For example, some people may
develop toxoplasmosis symptoms similar to those of
the flu or mononucleosis such as body aches, swollen
lymph nodes, headache, fever, fatigue. People with
weakened immune systems, such as cancer patients,
organ transplant recipients, etc. are more likely to de-
velop signs and symptoms of severe infection, includ-
ing: headache, confusion, poor coordination, seizures,
lung problems and blurred vision. Toxoplasmosis
has become a worldwide epidemic, which seriously
threats the health of human being. If ecological bal-
ance of the host is lost, it will trigger the beginning
of the disease [4-10]. Under this circumstances, the
clinics adopt widely antibiotics to control the disease.

Toxoplasma gondii is one of the most well-
studied parasites because of its medical and veterinary
importance, and its suitability as a model for cell bi-
ology and molecular studies with a unicellular organ-
ism. There are thousands of references to this para-
site in the literature [11-14] and the references were
cited in. Although different aspects of the T. gondii
life cycle have been intensively investigated, the over-
all transmission dynamics of this parasite has not been

well studied. After reviewed a large body of literature,
a few mathematical models have been built to inves-
tigate the transmission of T. gondii. We summed up
these studies which included the following aspects:

Figure 1: Toxoplasmosis life cycle(from literature[1])

(1) Vertical transmission. Diego et al [15] were
the first to study the evolution dynamics of T. gondii in
human population using an SIR(susceptible-infected-
recovered) model involving vertical transmission. But
only Numerical simulations of this model were done
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by varying parameters to show different scenarios
about the spread of the disease. Ocampo et al [16]
described congenital toxoplasmosis transmission dy-
namics by using an age-structured model taking a
mother’s gestational week into account.

(2) Agent-based transmission. Gilberto et al
[17] built a mathematical model for the transmission
of Toxoplasmosis disease in human and cat popula-
tions in which they assumed that the horizontal trans-
mission of the disease to humans is through the con-
tact with infected cats. M. Lélu et al [18] investi-
gated dynamics of the transmission of T. gondii be-
tween cats, contaminated environment and prey. Wen
et al [19] synthesize what is currently known about
the natural history of T. gondii by developing a pro-
totype agent-based model to mimic the transmission
process of T. gondii in a farm system.The present
model takes into account the complete life cycle of T.
gondii, which includes the transitions of the parasite
from cats to environment through feces,from contam-
inated environment to mice through oocyst,from mice
to cats through tissue cysts,from environment to cats
through oocysts as well as the vertical transmission
among mice.

(3) Vaccination. A dynamic compartment model
was developed by Mateus-Pinilla [20] to investigate
the transmission of T. gondii on swine farms with a
primary focus on the importance of a feline T. gondii
vaccine. Abraham [21] presented an epidemiological
model to study the transmission dynamics of toxoplas-
mosis in a cat population under a continuous vaccina-
tion schedule.

Those mathematical models explain some of the
dynamical behaviors of the disease in the definite
host(cat), the intermediate host(e.g.human, swine)
populations as well as the complete life cycle of T.
gondii. However, few models consider the dynam-
ics of tachyzoites and bradyzoites in host cell from
a pathophysiologic point of view.

At present, the traditional treatment of toxoplas-
mosis bases on the principle of pyrimethamine and
sulfapyridine, but these two antibiotics have a bad rad-
ical cure effect and high recurrence rate after drug dis-
continuance [22-29]. In addition, because most antibi-
otics have potential virulence for certain organs of the
human body, it is obvious that the toxicity can damage
the ecological balance. So overuse or misuse of antibi-
otics can cause immunity reduced and organs injured
of the patients, which hinders control of infection. In
this case it can make the patient’s illness worse to a
very great extent. Moreover, overuse of related antibi-
otics is also expected to cause serious drug resistance.
It would directly produce a new threat for health and
life of the patients, and toxoplasmosis has become the
main cause of death for patients with low immune

function. Finding a safe and efficient immunological
adjuvant for toxoplasmosis treatment has become an
urgent need.

Cholera toxin is now frequently-used immune ad-
juvant with strong mucosal immunogenicity and mu-
cosal immunity adjuvant effect. It can effectively en-
hance antigenic protein immunogenicity and increase
the body’s immune function [30]. However, con-
sider that we should develop the need of new compos-
ite multivalence subunit vaccine against toxoplasma
gondii, we must choose one or several major surface
antigen with strong toxoplasma immunogenicity and
appropriate mucosa immunization adjuvant and trans-
portation system to explore the preparation of mu-
cosa. Believe that the development of immunologic
adjuvant against toxoplasmosis will be bound to make
abundant accomplishment in the near future.

Combined with the above-mentioned introduc-
tions, the main purpose of this paper is to construct
three realistic models for the treatments against tox-
oplasmosis, investigate their dynamic behaviors and
compare the results obtained from these ordinary dif-
ferential models, The organization of this paper is as
follows. In the next section we formulate the mathe-
matical model (1) and study the global stabilities of all
equilibriums. It is important to remark that the critical
factor which toxoplasmosis can die out or not can be
obtained from the Theorem 1. In Section 3, we present
more practical model (2) describing antibiotics on the
role of toxoplasma gondii based on the model (1). The
following is devoted to analyze the steady states and
find the threshold value A0

1 which determines toxo-
plasmosis can die out or not. Similarity with the sec-
tion 3, Section 4 shows the model (15) describing im-
munologic adjuvant on the role of toxoplasma gondii,
then we make the stability analysis of the disease-free
and endemic equilibriums. From the conclusion of the
Theorem 5 and 7, we find that immune adjuvant is ur-
gent desired through comparing the effect of immune
adjuvant and antibiotics against toxoplasmosis. Sec-
tion 5 contains numerical results and finally in Section
6 we present the discussion.

2 Immune Reaction of the Host
against Toxoplasmosis

The first line of defense against parasites, as with
other pathogens, is the innate immune system. Im-
mune reaction is a bodily defense reaction that rec-
ognizes an invading substance (an antigen: such as a
virus or fungus or bacteria or parasites) and produces
antibodies specific against that antigen [31, 32]. Com-
bining with the mechanism of immune reaction of the
host for toxoplasmosis, we would build a mathemat-
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ical model which leucocyte acts on the toxoplasma
gondii as follows: x′ = x(r1 − d1x)

y′ = y(r2 − d2y − β1x)
(1)

In the model, x(t) and y(t) denote density of
leucocyte and toxoplasma gondii respectively at time
t in human body; the intrinsic increasing rates of
leucocyte and toxoplasma gondii are denoted by r1,
r2, respectively. The parameters d1 and d2 are the
density-dependent the immune coefficients respec-
tively. Moreover, β1 is the immune strength of the
host for toxoplasma gondii. From system (1), we can
easily obtain:

Theorem 1 Consider system (1), then
a) the disease free-equilibrium

E0
(1) = (

r1
d1

, 0)

is globally asymptotically stable if r1
d1

> r2
β1
;

b) the endemic equilibrium

E1
(1) = (

r1
d1

,
r2d1 − r1β1

d1d2
)

is globally asymptotically stable if r1
d1

< r2
β1
.

Proof: By the linearization of system (1) around the
equilibriums E0

(1) and E1
(1), Theorem 1 can easily be

proofed. We omit it. ⊓⊔
Form Theorem 1, we can conclude that toxo-

plasma gondii y(t) tends to die out when leucocyte’s
immune strength β1 is sufficiently large (i.e.β1 >
r2d1/r1) in no drug cases. At this moment, the host
will not cause disease after the invasion of toxoplasma
gondii.

However, if the immune strength β1 is too small,
β1 < r2d1/r1, then toxoplasma gondii will survive
because the immune strength of leucocyte is too low to
approach (r2d1 − r1β1)/d1d2. At this time, the host
individual will be infected by toxoplasma gondii.

Next we would consider further the effect of an-
tibiotics against toxoplasma gondii.

3 Antibiotics on the Role of Toxo-
plasmosis

At present, the treatment of toxoplasmosis often bases
on the principle of pyrimidine and sulfa medications.

Therefore, in this sections we uses the following sys-
tem to discuss antibiotics on the influence of toxoplas-
mosis.

x′ = x(r1 − d1x− β2A1),

y′ = y(r2 − d2y − β1x− β3A1),

A
′
1 = A0

1 − β2A1x− β3A1y − d3A1.

(2)

Here A1 denotes the density of antibiotics on human
body at time t and A0

1 is the initial one. The parameter
d3 is the metabolic rate of antibiotics. The constants
β2 and β3 denote antibiotics’s lethality for leucocyte
and toxoplasma gondii respectively. The meaning of
other parameters is the same as what we refer to in the
system (1).

For system (2), we can make full use of the qual-
itative theory of ordinary differential equations to get
several results.

Theorem 2 Assume that

d3(r2d1 − β1r1)

β2d1 − β1β2
> 0 (3)

holds. If the positive equilibrium exists, the leuco-
cyte and toxoplasma gondii will be uniform persis-
tence when

A0
1 < min{r1d3

β2
,
d3(r2d1 − β1r1)

β2d1 − β1β2
} .
= A0

1min. (4)

Proof: From the third equation of system (2), we have

A
′
1 = A0

1 − d3A1 − β2A1x− β3A1y ≤ A0
1 − d3A1.

By comparison principle[33], as t→ +∞, we have

A1(t) ≤
A0

1

d3
. (5)

Using the above inequality (5), it is clear to find that x′ ≥ x(r1 − d1x−
β2A0

1
d3

),

y′ ≥ y(r2 − d2y − β1x−
β3A0

1
d3

).

Let us consider the following system x′ = x(r1 − d1x−
β2A0

1
d3

),

y′ = y(r2 − d2y − β1x−
β3A0

1
d3

).
(6)

By conditions (3) and (4), we can conclude that
the positive equilibrium

E∗
(3) =

(
r1d3 − β2A

0
1

d1d3
,
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r2d1d3 − β1r1d3 + β1β2A
0
1 − β2A

0
1d1

d1d2d3

)
of system (6) is globally asymptotically stable (proof
see the appendix). Moreover, utilizing the comparison
principle we know that

lim
t→∞

x(t) ≥ r1d3−β2A0
1

d1d3
,

lim
t→∞

y(t) ≥ r2d1d3−β1r1d3+β1β2A0
1−β2A0

1d1
d1d2d3

.

It is namely that the leucocyte and autibiotics are uni-
form persistence. This completes the proof of the the-
orem. ⊓⊔

Theorem 3 The stability of the extinction equilibrium
E0

(2) = (0, 0,
A0

1
d3
) is described as follows:

(i) E0
(2) is locally asymptotically stable if

A0
1 > max{r1d3

β2
,
r2d3
β3
};

(ii) Under the condition r2d1 > β1r1, E
0
(2) is

globally asymptotically stable if

A0
1 > max{Mr1

β2
,
Mr2
β3
} .
= A0

1max,

where

M = d3 +
β2r1
d1

+
β3r2d1 − β1β3r1

d1d2
. (7)

Proof: The linearization of system (2) around the
equilibrium E0

2 gives the following characteristic
equation:∣∣∣∣∣∣∣∣

r1 −
β2A0

1
d3
− λ 0 0

0 r2 −
β3A0

1
d3
− λ 0

−β2A0
1

d3
−β3A0

1
d3

−d3 − λ

∣∣∣∣∣∣∣∣=0.

The above equation is equivalent to

(r1 −
β2A

0
1

d3
− λ)(r2 −

β3A
0
1

d3
− λ)(−d3 − λ) = 0. (8)

It is easy to calculate that

λ1 = r1 −
β2A

0
1

d3
, λ2 = r2 −

β3A
0
1

d3
, λ3 = −d3.

Hence we can conclude that all roots of (8) have neg-
ative real part implying that the equilibrium E0

(2) is
locally asymptotically stable if

A0
1 > max{r1d3

β2
,
r2d3
β3
}.

According to the first two equations of (2), we
have

x′ ≤ x(r1 − d1x), (9)

y′ ≤ y(r2 − d2y − β1x). (10)

Using the comparison principle again, as t → +∞,
we obtain

x(t) ≤ r1
d1

, y(t) ≤ r2d1 − β1r1
d1d2

. (11)

From the third equation of (2) and the above in-
equality (11), we see that

A′
1 ≥ A0

1 − (d3 +
β2r1
d1

+
β3r2d1 − β1β3r1

d1d2
)A1.

So for sufficiently large t, we have

A(t) ≥ A0
1

M
,

where M is defined by (7). Using the above inequal-
ity, we get x′ ≤ x(r1 − d1x−

β2A0
1

M ),

y′ ≤ y(r2 − d2y − β1x−
β3A0

1
M ).

Again using comparison principle and the conditions
of (ii), obtain that

lim
t→∞

x(t) = lim
t→∞

y(t) = 0,

and hence

lim
t→∞

A1(t) =
A0

1

d3
.

Furthermore, from

A0
1 > max{Mr1

β2
,
Mr2
β3
} > max{r1d3

β2
,
r2d3
β3
},

we know that E0
1 is globally asymptotically stable.

The proof of Theorem 3 is completely. ⊓⊔

Theorem 4 Under the assumptions

β1β2 > β3d1, (12)

β1r1 > r2d1, (13)

2β2
2r2d1 + β1β2d1d3 − β1β

2
2r1

−β2β3r1d1 − β3d
2
1d3 > 0, (14)
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the system (2) has two boundary equilibrium E1
(2) =

(x, 0, A1) and E2
(2) = (x, 0, A1) if the following in-

equalities hold

r1d3
β2

< A0
1 <

(β2
2r2 + β1β2d3 − β2β3r1 − β3d1d3)(β1r1 − r2d1)

(β1β2 − β3d1)2

and△ > 0. Here

△ = (β2r1 + d1d3)
2 − 4β2

2A
0
1d1.

In addition, the equilibrium E1
(2) is locally asymp-

totically stable, while E2
(2) is unstable, where

x =
β2r1 − d1d3 +

√
△

2β2d1
,

A1 =
β2r1 + d1d3 −

√
△

2β2
2

,

x =
β2r1 − d1d3 −

√
△

2β2d1
,

A1 =
β2r1 + d1d3 +

√
△

2β2
2

.

Proof: After simple calculate, we can get expressions
of two boundary equilibriums E1

(2) and E2
(2). Then

by the same way as Theorem 3 (i), this result can be
verified. ⊓⊔
Remark From Theorem 3, we know that toxoplasma
gondii tends to extinction or is also continued sur-
vival to reach a new equilibrium. So when antibiotics
is used to cure toxoplasmosis, we should pay great
attention to the concentration of antibiotics. Other-
wise, it would bring serious consequence. For ex-
ample, Azithromycin under concentration of 20µg/ml
showed definite parasiticidal effect, but under con-
centration over 80µg/ml it showed cytotoxic effect to
the human foreskin fibnoblast cells. However its in-
hibitory effect on T. gondii was closely correlated with
the doses used [34-37].

4 Immunologic Adjuvant on the Role
of Toxoplasmosasis

An immune system is a system of biological structures
and processes within an organism that protects against
disease by identifying and killing pathogens and tu-
mor cells. It detects a wide variety of agents, from
viruses to parasitic worms, and needs to distinguish

them from the organism’s own healthy cells and tis-
sues in order to function properly. Detection is com-
plicated as pathogens can evolve rapidly, and adapt to
avoid the immune system and allow the pathogens to
successfully infect their hosts. In general, during the
later stages of an infection, leucocytes produce im-
mune responses. In particular, adjuvants in immunol-
ogy are often used to modify or augment the effects
of a vaccine by stimulating the immune system to re-
spond to the vaccine more vigorously, and thus pro-
viding increased immunity to a particular disease. As-
sume that A2 denotes the density of immunologic ad-
juvant on human body at time t and A0

2 is the initial
one.

In view of the invasion of toxoplasma gondii,
leucocytes produce immunologic adjuvant whose in-
creasing rate is denoted by β1xy. The parameter d3 is
the metabolic rate of immunologic adjuvant. For the
immunologic adjuvant

x′ = x(r1 − d1x+ β2A2),

y′ = y(r2 − d2y − β1x),

A′
2 = A0

2 − d3A2 + β1xy.

(15)

Theorem 5 Assume that r2d1 > β1r1. Then the
boundary equilibrium

E0
(4) = (

r1d3 + β2A
0
2

d1d3
, 0,

A0
2

d3
)

of system (15) is locally asymptotically stable if

A0
2 >

r2d1d3 − β1r1d3
β1β2

.

Proof: By the same way as Theorem 3 (i), this result
can be proved. We omit its detail. ⊓⊔
Remark From Theorem 5, we know that toxoplasma
gondii tends to extinction if the density of immuno-
logic adjuvant on human body at initial time is larger.

Theorem 6 Assume that r2d1 > β1r1. If

A0
2 <

r2d1d3 − β1r1d3
β1β2

,

then the positive equilibrium E∗
(4) = (x∗, y∗, A∗

2) ex-
ists, where

x∗ =
β1β2r2d1 − d21d2d3 +

√
△

2β2
1β2d1

,

y∗ =
β1β2r2d1 + d21d2d3 −

√
△

2β1β2d1d2
,
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A∗
2 =

β1β2r2d1 − 2β2
1β2r1 − d21d2d3 +

√
△

2β2
1β

2
2

,

and

△ = (β1β2r2d1 − 2β2
1β2r1 − d21d2d3)

2

−4β2
1β

2
2(β

2
1r

2
1 −A0

2d
2
1d2 − β1r1r2d1).

Proof: After simple calculate, this result can be
proved. We omit verification. ⊓⊔

Theorem 7 The unique positive equilibrium E∗
(4), if it

exists, is locally asymptotically stable if the following
inequalities hold:

d1d2 > β1β2, (16)

d21d3x
∗2 + d22d3y

∗2 + d1d
2
2x

∗y∗2 + d1d
2
3x

∗

+d2d
2
3y

∗ − β2
1β2x

∗2y∗ > 0. (17)

Proof: Assume that the equilibrium E∗
(4) exists. Be-

cause E∗
(4) is the positive equilibrium of system (15),

we have
r1 − d1x

∗ + β2A
∗
2 = 0;

r2 − d2y
∗ − β1x

∗ = 0.

The linearization of system (15) at this point leads to
the following characteristic equation:∣∣∣∣∣∣∣∣
−d1x∗ − λ 0 β2x

∗

−β1y∗ −d2y∗ − λ 0

β1y
∗ β1x

∗ −d3 − λ

∣∣∣∣∣∣∣∣=0. (18)

It is equivalent to

λ3 + a1λ
2 + a2λ+ a3 = 0,

where
a1 = d1x

∗ + d2y
∗ + d3 > 0;

a2 = d1d3x
∗ + d2d3y

∗ + d1d2x
∗y∗ − β1β2x

∗y∗;

a3 = β2
1β2x

∗2y∗ − β1β2d2x
∗y∗2 + d1d2d3x

∗y∗ > 0.

Then

a1a2−a3 = d21d3x
∗2+d22d3y

∗2+d1d
2
2x

∗y∗2+d1d
2
3x

∗

+d2d
2
3y

∗ − β2
1β2x

∗2y∗ + d3x
∗y∗(2d1d2 − β1β2)

+d1x
∗2y∗(d1d2 − β1β2) > 0.

Hence the Routh-Hurwitz conditions are satisfied un-
der the assumptions (16) and (17). Thus it follows
that the endemic equilibrium E∗

(4) is locally asymp-
totically stable, whenever it exists. ⊓⊔
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Figure 2: Dynamic behaviors of system (2) which dis-
play the effect of antibiotics on toxoplasmosis
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Figure 3: Dynamic behaviors of system (15) which
display the effect of immunologic adjuvant on toxo-
plasmosis
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Figure 4: The mechanism of antibiotics and immuno-
logic adjuvant on the role of toxoplasma gondii and
leucocyte respectively. (a): The effect of antibiotics
on the role of leucocyte and toxoplasma gondii with
parameter value with r1 = 0.3, d1 = 0.2, r2 =
0.25, d2 = 0.15, d3 = 0.1, β1 = 0.25, β2 = 0.4, β3 =
0.15, A0

1 = 1.2. (b): The effect of immunologic ad-
juvant on the role of leucocyte and toxoplasma gondii
with parameter value with r1 = 0.4, d1 = 0.2, r2 =
0.3, d2 = 0.09, d3 = 0.1, β1 = 0.1, β2 = 0.2, A0

2 =
1.
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5 Numerical analysis
In this section we present the numerical simulations
of the three models. For system (2),

let

r1 = 0.3, d1 = 0.2, r2 = 0.25,
d2 = 0.15, d3 = 0.01, β1 = 0.05,
β2 = 0.04, β3 = 0.15, A0

1 = 0.05.

Then A0
1min = 0.058.

Hence A0
1 < A0

1min and by the Theorem 2, the
leucocyte and toxoplasma gondii will be uniform per-
sistence (see, Fig. 2(a)).

Let

r1 = 0.3, d1 = 0.2, r2 = 0.25,
d2 = 0.15, d3 = 0.1, β1 = 0.25,
β2 = 0.4, β3 = 0.15, A0

1 = 1.17.

Then A0
1max = 1.162.

Hence A0
1 > A0

1max and by the Theorem 3,
the leucocyte and toxoplasma gondii will tend to
extinction(see, Fig. 2(b)).

Let

r1 = 0.3, d1 = 0.2, r2 = 0.25,
d2 = 0.15, d3 = 0.1, β1 = 0.25,

β2 = 0.4, β3 = 0.15, A0
1
′
= 0.1.

Then the range of A0
1 is [0.075, 0.148].

Hence A0
1
′ ∈ [0.075, 0.148] and by the Theo-

rem 4, toxoplasma gondii will tend to extinction under
the combined effect of leucocyte and antibiotics.(see,
Fig.2(c)).

For system (15), we will study the effect of im-
munologic adjuvant on the role of toxoplasma gondii
through numerical simulation. Let

r1 = 0.3, d1 = 0.2, r2 = 0.25,
d2 = 0.15, d3 = 0.1, β1 = 0.1,
β2 = 0.2, β3 = 0.1,

As parameter A0
2 = 0.2, toxoplasma gondii will be

exterminated(see, Fig.3(a)). As A0
2 = 0.05, leuco-

cyte, toxoplasma gondii and immunologic adjuvant
will achieve coexistence(see, Fig.3(b)).

6 Conclusion
In this paper, we propose three mathematical mod-
els concerning the effect of leucocyte, antibiotic and
immunologic adjuvant against toxoplasma gondii re-
spectively.

Firstly, in the case in which toxoplasmosis was
inhibited by leucocyte in the host, it is shown that
toxoplasmosis can be extincted, when the immunity
strength is larger than some threshold.

Secondly, in the case in which antibiotics treat-
ment is used, it is observed that input concentration of
antibiotic has significant influence on toxoplasmosis
from Theorems 2, 3 and 4. When all assumptions of
these three theorems are true, we have:

(1) If the concentration of antibiotics is smaller
than some threshold, the fecundity of toxoplasma
gondii will be dominant at this moment. The leuko-
cyte and toxoplasma gondii will reach a new balance.

(2) If the concentration of antibiotics is sufficient
large and is larger than another threshold, the inacti-
vation of antibiotics will be in the ascendant. It is re-
markable not only to exterminate toxoplasma gondii
in a large extent but also to sharply reduce the amount
of leucocyte showed by Fig.4(a). When the concen-
tration of antibiotic is much greater, it is unfavorable
to control infection in this way.

(3) If the concentration of antibiotics is in a suit-
able range, then the fecundity of toxoplasma gondii is
in the ascendant, but is perhaps that the inactivation of
antibiotics is dominant. It is particularly related to the
initial concentration of antibiotics.

Therefore we must pay attention to the input con-
centration of antibiotics and the initial density of tox-
oplasma gondii when we use antibiotics to cure toxo-
plasmosis in clinic. Otherwise, it will bring very seri-
ous consequences.

Finally, in the case in which immunologic adju-
vant was imported to the host body, it can improve
immunity of the parasitifer to attain the propose of
killing toxoplasma gondii. From the Theorems 5, 6
and 7, we find:

(1) Under the conditions (16) and (17), if the
concentration of immunologic adjuvant is smaller
than some threshold,the proliferation role of toxo-
plasma gondii will be dominated and the infection
will persist.

(2) If the concentration of immunologic adjuvant
is larger than the threshold, toxoplasma gondii will
tend to extinct at this time.

Compared with antibiotics, the mechanism of im-
mune adjuvants is to enhance the immune cells to
damage the infection ability of toxoplasma showed by
Fig.4(b). Obviously, the input concentration of im-
munologic adjuvant also has a significant impact on
toxoplasma gondii, so finding a safe and efficient im-
munologic adjuvant was developed in urgent.

Appendix
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Proof: Consider the given system (6) with the de-
noted right hand sides: x′ = x(r1 − d1x−

β2A0
1

d3

.
= P (x, y)

y′ = y(r2 − d2y − β1x−
β3A0

1
d3

)
.
= Q(x, y)

(A.1)
We have seen that the given system (A.1) has the
unique positive equilibrium E∗

(3). The following will
show the global stability of this equilibrium E∗

(3).
According to the linearized system of (A.1), the

locality asymptotically stable can be easily proved.
At present, we just need to show that the system

(A.1) doesn’t exist a closed path in the first quadrant,
therefore, we take the Dulac function B(x, y) = 1

xy ,

then

∂(BP )

∂x
+

∂(BQ)

∂y
= −d1

y
− d2

x
< 0.

Obtained by the Bendixson-Dulac theorem, the
positive equilibrium E∗

(3) is globally asymptotically
stable. This completes the proof. ⊓⊔
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