
Additional file 1

S.P. Showa, F. Nyabadza, S.D. Hove-Musekwa, G. Magombedze.

Elasticities of viral levels to life cycle parameters

Elasticity analysis of the viral levels to the viral life cycle parameters is performed in this sec-

tion. The elasticity of the viral levels to the parameter vector θ = [ β1 β2 θ2 θ2 θ3 φ µT ∗ ]

is given by
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We also have that
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The elasticities are shown in Figure 1.
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Figure 1: Elasticities of the viral levels to life cycle parameters. The implication for this

result is that the viral levels are most sensitive to viral production per cell per unit time and

least sensitive to the rate at which cells are infected by cell free virus.
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The viral levels are most elastic to φ followed by θ2 and least elastic to β1.

Transmission efficiency of HIV in the blood

The parameter β1 was obtained from [1]. This reference gives details on how this parameter

value was computed. It was shown in the study [2], that the infectivity of the cell-associated

virus is 102 to 103 times greater than the infectivity of free virus stocks so we multiplied the

infectivity of the free virus by values in the ranges 102 to 103 to get the infectivity of the

cell associated virus (β2). However this range is from an in vitro model. In order to find the

form of transmission that is more efficient in the blood and support the use of the values

obtained from an in vitro model, we conducted a study using our mathematical models to

find the form of transmission that is more efficient in the blood and simulations from these

models are given below.

Cell-free transmission model

These results are obtained from a model that considers cell-free transmission whereby health

cells are infected through contacts with free virus particles only i.e β2 = 0. Results in Figure

2 suggest that cell-free virus does not spread efficiently since the viral levels are approaching

zero with time. This result is consistent with results obtained in cell cultures that cell-free

virus is not efficient in spreading an infection [3, 4, 5, 6].
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(a) Uninfected cell levels
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(b) Viral levels

Figure 2: The graphs gives the simulations of the cell-free transmission model. The viral

levels approach zero and the CD4+ T cell populations converge to a non-zero steady state

as time increases. The infection dies out on its own.

Cell-to-cell transmission model

These results are obtained from a model where it is assumed that infection is through cell-

associated transmission only i.e β1 = 0.
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(a) Uninfected cell levels
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Figure 3: The plots gives the simulations of the cell-associated transmission model. The

viral and the CD4+ T cell levels converge to non-zero steady states. Transmission through

cell-associated virus will result in an endermic equilibrium state.

Cell-associated transmission can spread the infection efficiently as shown in Figure 3. In the

cell-associated transmission model, the CD4+ T cell levels stabilise slightly above 500 cells

per ml of blood and the viral levels stabilise in the ranges close to 104 particles per ml of

blood, ranges that agree with observed data.

These model results showed that cell-associated transmission is more efficient in transmit-
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ting the infection than cell-free transmission in the blood, a result consistent with in vitro

models [4, 5, 6]. Cell-free transmission could initiate an infection as depicted by an initial

fall in CD4+ T cells, however the infection does not spread efficiently. We therefore used the

ranges obtained from the in vitro model to do our simulations.
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