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Description

In this supplementary information we include additional details for model fitting as well as supple-
mentary figures, tables, and references.
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1 Notes on the statistical model

To model the longitudinal T cell and viral load observations for all animals we used a nonlinear,
mixed-effects modeling approach. Within this approach we modeled a state variable vector v with
observations at time i for each animal j as,

vij = fv (tij ,Ψj) + εv, (S1)

where fv is a nonlinear function for the state variable vector v at an individual observation time,
tij , with animal-specific parameter Ψj . The distribution of measurement noise, εv, is normally
distributed with a state-variable-specific standard deviation σv,

εv ∼ N
(
0, σ2

v

)
. (S2)

Finally, we used a mixed-effects model for each estimated parameter. We assumed that for an animal
j each single parameter ψj ∈ Ψj is drawn from a probability distribution across the population.
This distribution includes the fixed effects ψ̄ representing the median value over the the population,
and the random effects ηj representing its variability in the population, assumed to be normally
distributed with standard deviation σψ, that is

ηj ∼ N
(
0, σ2

ψ

)
. (S3)

The non-linear function, fv, for the given state variables are estimated using numerical solutions of
the differential equations models described in more detail below. We fit each model to all data points
from all animals simultaneously using a maximum likelihood approach. We assumed that individual
observations of each state variable vij for each animal j at each time point ti are independent. For
each model we estimated the standard deviation of the measurement error for the observations σv,
and each parameter fixed effects ψ̄ and standard deviation of the random effects σψ using the Stochas-
tic Approximation of the Expectation Maximization (SAEM) algorithm embedded in the Monolix
software (www.lixoft.eu)1.

2 Notes on fitting T cell reconstitution before ATI

2.1 Mathematical modeling

We first fit the observed blood T cell kinetics after hematopoetic stem and progenitor cell (HSPC)
transplantation and before analytical treatment interruption (ATI). During this procedure, we defined
the vector for the state variables v(1) as

v(1) = {S,N,C,M,E} , (S4)
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representing the observed blood CD4+CCR5-, CD4+CCR5+, total CD8+, CD8+ TN +TCM, and CD8+
TEM cell counts, respectively.

We modeled the kinetics of v(1) using a nonlinear ordinary differential equation (ODE) system with
solution f (1)

v . This ODE model is based on the following assumptions. Transplanted HSPCs, rep-
resented by variable T , home to the bone-marrow at a rate ke. A single cell compartment exists
for T cell progenitors in the bone marrow (BM)/thymus. Represented by variable P , these cells
renew logistically with maximum rate rp, differentiate into naive CD4+ and CD8+ T cells at rates λf
and λe, respectively, or are cleared at rate dp. We modeled two CD4+ T cell compartments: SHIV-
non-susceptible, N (CD4+ CCR5- cells), and SHIV-susceptible, S (CD4+CCR5+ cells). Only the
N compartment includes CD4+ naive cells coming from the thymus at an input rate λfP cells per
day. N cells grow with maximum rate rn, upregulate CCR5 at rate λn, and are cleared from the
periphery at rate dn. The S compartment does not have a thymic input but can grow with maximum
division rate rs, downregulate CCR5 at a rate λs, and are cleared at rate ds. We modeled CD8+ T cell
reconstitution assuming a compartment for naïve and central memory cells,M , and a compartment
for the effector memory subset, E. We assumed that M cells have thymic input of λeP cells per
day, grow logistically with maximum division rate rm, differentiate to effector memory at rate λm ,
and are cleared at rate dm. The E compartment grows with maximum division rate re and is cleared
at rate de. CD4+ and CD8+ T cells compete for resources as governed by a logistic equation that
depends on the ratio of the total number of T cells, i.e. N + S +M +E, to a carrying capacityK.
Under this assumptions the model form is:

dT

dt
= −keT

dP

dt
= keT + rp

(
1− N + S +M + E

Kp

)
P − dpP − (λf + λe)P

dN

dt
= λfP + λsS + rn

(
1− N + S +M + E

Kn

)
N − λnN − dnN

dS

dt
= λnN + rs

(
1− N + S +M + E

Ks

)
S − λsS − dsS

dM

dt
= λeP + rm

(
1− N + S +M + E

Km

)
M − λmM − dmM

dE

dt
= λmM + re

(
1− N + S +M + E

Ke

)
E − deE.

(S5)

In this model we assumed that the total number of CD8+ T cells is defined as C = M + E.

2.2 Model fitting

We first adapted the mechanistic model in equation S5 using the following substitutions: r̂p = rp−
(λf + λe + dp), r̂n = rn− (λn + dn), r̂s = rs− (λs + ds), r̂m = rm− (λm + dm), r̂e = re− de,
as well asKw = K r̂w

rw
for each model variablew ∈ [p, n, s,m, e]. Using these definitions, the model

we used for fitting had the form:
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dT

dt
= −keT

dP

dt
= keT + r̂p

(
1− N + S +M + E

Kp

)
P

dN

dt
= λfP + λsS + r̂n

(
1− N + S +M + E

Kn

)
N

dS

dt
= λnN + r̂s

(
1− N + S +M + E

Ks

)
S

dM

dt
= λeP + r̂m

(
1− N + S +M + E

Km

)
M

dE

dt
= λmM + r̂e

(
1− N + S +M + E

Ke

)
E.

(S6)

We also explored the possibilities in which rn = 0 or rm = 0. In those cases we adapted the model
in equation S6 such that the state variables N andM had the forms dNdt = λfP + λsS − d̂nN and
dM
dt = λeP − d̂mM , respectively.

We defined the statistical form of each parameter in Ψ
(1)
j by using different functional forms. In

complete detail:

• Parameters r̂jp, r̂jn, r̂jm, r̂je, λjf , λ
j
e, λ

j
n, λ

j
s, λ

j
m, d̂n, d̂m were modeled as ψj = ψ̄eηj .

• Parameters d̂w were modeled as ψj = λw(1 + ψ̄eηj ), with w ∈ [n,m].

• ForKj
p we used 10ψj = 10ψ̄+ηj .

• ForKj
n,K

j
s ,K

j
m,K

j
e we explored models with form 10ψj = 10ψ̄+ηj or 10ψj = 10K

j
p−ψ̄eηj .

• We assumed that the initial values for each variable for each animal in the transplant group,
vj(t0), had a model with form ψj = 10ψ̄+ηj . For each animal in the control group we assumed
the variables v to be in steady state at t0 (see below).

• Other parameters where fixed for all animals as described in Table 1 in the main text.

When simulating the model we assumed that t0=0 represents the time of transplantation. For the
transplant group we assumed that at t0 the system is in a transient stage due to total body irradiation
(TBI) with fixed total number of transplanted cells, T (t0) = 4× 107 cells and fixed number of cells
in the bone marrow/thymus compartment P (t0) = 0. The number of cells in other compartments
had a small value greater than zero, with distribution as described above. For the control group we
used t0 = 0 at a similar time relative to the transplant group on cART. Since the control group did
not have any transplantation or TBI, we assumed T (t0) = 0 and a system in steady state. Therefore,
each state variable initial value was given by the following equations:
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T (t0) = 0

P (t0) =
q2q3q4Kp

(q1 + 1) q3q4 + q2 (q4 + 1)

N (t0) =
q1q3q4Kp

(q1 + 1) q3q4 + q2 (q4 + 1)

S (t0) =
q3q4Kp

(q1 + 1) q3q4 + q2 (q4 + 1)

M (t0) =
q4Kp

(q1+1)q3q4
q2

+ q4 + 1

E (t0) =
Kp

(q1+1)q3q4
q2

+ q4 + 1

(S7)

Where q1 = r̂s
λn

(
Kp
Ks
− 1
)
, q2 = r̂n

λf

(
r̂s
λn

(
Kp
Kn
− 1
)(

Kp
Ks
− 1
)
− λs

)
, q3 = r̂m

λe

(
Kp
Km
− 1
)
and

q4 = r̂e
λm

(
Kp
Ke
− 1
)
. Note that parameters λn, λf , λe, λm,Ks,Kn,Km, andKe cannot be equal to

zero.

For each instance of the model in equation S6 we fit to 554 T cell observations from all animals
simultaneously using a maximum likelihood approach. We estimated the standard deviation of the
measurement error for the observations, and each parameter fixed effects and standard deviation of
the random effects as described before.

2.3 Model selection

We listed different competing instances of the model in equation S6 with different mechanistic and
statistical assumptions as presented in Table S1. For best fit of the different possible versions of the
models we computed the log-likelihood (logL) and the Akaike Information Criteria (AIC):

AIC = −2 logL+ 2l, (S8)

where l is the number of parameters estimated2. We assume models are equivalently supported by
the data if the difference between their AIC values is less than two2.

Duringmodel buildingwe explored the followingmechanistic hypotheses besides the full model:

• CD4+CCR5+ do not downregulate CCR5 (λs = 0).

• CD4+CCR5- do not proliferate in a lymphopenic enviroment (rn = 0).

• CD4+CCR5- are long-lived in a lymphopenic enviroment (dn = 0).

• CD8+ Tnaive and TCM do not proliferate in a lymphopenic enviroment (rm = 0).

• Thymic export of naive CD4+ and CD8+ T cells do not differ significantly (λf = λe = λp).

5



We evaluated single or combination of these mechanistic hypotheses along with different parame-
ter’s random effects distributions as listed in Table S1 using AIC. From Table S1 we found two
models with similar support (row 16 and 19). These two models shared the following mechanistic
assumptions: (1) CD4+CCR5+ do not downregulate CCR5, (2) CD4+CCR5- do not proliferate in
a lymphopenic enviroment, and (3) thymic export of naive CD4+ and CD8+ T cells do not differ
significantly (λf = λe = λp). We selected the one that assumes that CD8+ TCM or TN proliferate
in a lymphopenic state (row 16) as literature seems to favor this possibility3,4. This ’best’ model as
found through AIC selection had the form:

dT

dt
= −keT

dP

dt
= keT + r̂p

(
1− N + S +M + E

Kp

)
P

dN

dt
= λpP − d̂nN

dS

dt
= λnN + r̂s

(
1− N + S +M + E

Ks

)
S

dM

dt
= λpP + r̂m

(
1− N + S +M + E

Km

)
M

dE

dt
= λmM + r̂e

(
1− N + S +M + E

Ke

)
E.

(S9)

with C = M + E and λp = λe = λf .

3 Notes on fitting T cell and Viral load dynamics before and after
ATI

3.1 Mathematical modeling.

For the fits of the T cell and viral dynamics after ATI we added a model for the observed plasma
viral load V and we also assumed that CD4+CCR5+ T cells include infected cells. Now, we define
the vector for the state variables v(2) as

v(2) = {R,N,C,M,E, V } , (S10)

with R indicating the observed blood CD4+CCR5+ T cell concentration, V indicating the observed
plasma viral load, and the others state-variables as specified for v(1) .

We modeled the kinetics of v(2) by adapting the model in equation S9. This model is based on the
following assumptions. Susceptible cells, S are infected by the virus, V , at rate β. Wemodeled cART
by reducing β to zero, and ATI by assuming β > 0 with delay ∆t after interruption. We assumed
a fraction τ of the infected cells produce virus, Ip, and the other fraction become unproductively
infected, Iu. Only Ip cells arise from activation of a steady set of latently infected cells at rate ξL̄.
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All infected cells die at rate δI . Ip cells produce virus at a rate π per cell, that is cleared at rate γ.
CD8+ M cells proliferate in the presence of infection with maximum rate ω. A fraction f of these
cells become SHIV-specific CD8+ effector T cells, Eh, that are removed at a rate dh. These effector
cells may reduce virus production or infectivity by 1

1+θEh
, or 1

1+φEh
, respectively. For cell growth

the total number of competing cells is given by A = N +S+ Ip + Iu +M +E+Eh. We assumed
that non-susceptible CD4+ T cells may upregulate CCR5 and replenish the susceptible pool with rate
ω4. Under these assumptions the model in equation S9 becomes

dT

dt
= −keT

dP

dt
= keT + r̂p

(
1− A

Kp

)
P

dN

dt
= λpP − d̂nN − ω4

Ip + Iu

1 +
Ip+Iu
I50

N

dS

dt
= λnN + r̂s

(
1− A

Ks

)
S − 1

1 + φEh
βV S + ω4

Ip + Iu

1 +
Ip+Iu
I50

N

dIp
dt

=
1

1 + φEh
τβV S − δIIp + ξL

dIu
dt

=
1

1 + φEh
(1− τ)βV S − δIIu

dV

dt
=

1

1 + θEh
πIp − γV

dM

dt
= λpP + rm

(
1− A

Km

)
M + ω8 (1− f)

Ip + Iu

1 +
Ip+Iu
I50

M

dE

dt
= λmM + r̂e

(
1− A

Ke

)
E

dEh
dt

= ω8f
Ip + Iu

1 +
Ip+Iu
I50

M − dhEh

(S11)

withA = N +S+ Ip + Iu +M +E+Eh and β = 0 if t < (tATI + ∆t). Here, tATI is the time of
cART interruption relative to the time of transplant. We defined the total number of CD4+CCR5+ T
cells as R = S + Ip + Iu.

We also explored the possibility in which SHIV-specific CD8+ effector T cells proliferate in the
absence of infected cells (i.e., by homeostatic proliferation), and have the same death rate as non-
SHIV-specific CD8+ T effector cells (de = dh). In this case we defined the equation for SHIV-
specific CD8+ T effector cells as

dEh
dt

= r̂e

(
1− A

Ke

)
Eh + ω8f

Ip + Iu

1 +
Ip+Iu
I50

M (S12)
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3.2 Model fitting

For this model we defined the parameter set Ψ
(2)
j by adding to the parameters in the previous section-

the parameters relative to virus dynamics (i.e., Ψ
(2)
j = {Ψ(1)

j , φj , θj , βj , ωj4 , ωj8, I
j
50,∆

j
t , d

j
h}). For

parameters φj , θj , βj , ωj4, ω
j
8, and I

j
50 we used a probabilistic model with form 10ψj = 10ψ̄+ηj , ηj ∼

N
(

0, σ2
ψ

)
; and for ∆j

t and d
j
h we used ψj = ψ̄eηj , ηj ∼ N

(
0, σ2

ψ

)
. Other parameters where fixed

for all animals as described in Table 1 in the main text.

We fit each model to 1101 data points (T cell counts and plasma viral load observations) from all
animals simultaneously using a maximum likelihood approach in Monolix assuming that each ob-
servation vij is independent for each variable in v(2), for each animal j at each time point ti. For the
transplant group we assumed that t0 = 0 represents the time of transplant and had the same assump-
tions as before for the initial values of the state variables T, P, S, N, M, and E. For state variables Ip,
Iu and V we assume they were the same for both control and transplant groups using the equations
shown below. For the control group, the initial values were given by the following equations:

T (t0) = 0

P (t0) =
q2q3q4Kp

(q1 + 1) q3q4 + q2 (q4 + 1)

N (t0) =
q1q3q4Kp

(q1 + 1) q3q4 + q2 (q4 + 1)

S (t0) =
q3q4Kp

(q1 + 1) q3q4 + q2 (q4 + 1)

M (t0) =
q4Kp

(q1+1)q3q4
q2

+ q4 + 1

E (t0) =
Kp

(q1+1)q3q4
q2

+ q4 + 1

Eh (t0) =
1

dh

(
ω8fM (t0) Ip (t0)

1 +
Ip(t0)
I50

)

Ip (t0) =
ξL

δI
Iu (t0) = 0

V (t0) =
πIp (t0)

γ
.

(S13)

Here q1 = r̂s

λn+
ω4Ip(t0)

1+
Ip(t0)
I50

(
Kp
Ks
− 1
)
, q2 = q1

λp

(
ω4Ip(t0)

1+
Ip(t0)

I50

+ d̂n

)
, q3 = 1

λp

(
r̂m

(
Kp
Km
− 1
)
− ω8(1−f)Ip(t0)

1+
Ip(t0)

I50

)

and q4 = r̂e
λm

(
Kp
Ke
− 1
)
.
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3.3 Model selection

We used model selection theory using AIC as presented previously. During model building we
explored the following mechanistic hypotheses besides the full model:

• SHIV-specific CD8+ effector T cells do not affect virus infectivity (φ = 0).

• SHIV-specific CD8+ effector T cells do not affect virus processes after integration (θ = 0).

• CD4+CCR5- are not activated/do not express CCR5 in the presence of infected cells (ω4 = 0).

• SHIV-specific CD8+ effector T cells proliferate in the absence of infected cells and have the
same death rate as non-SHIV-specific CD8+ T effector cells (de = dh).

We evaluated single or combination of these mechanistic hypotheses along with different parameter’s
random effects distributions as listed in Table S2 using AIC. From Table S2we found that the model
that most parsimoniously explains the whole data set includes the following: (1) SHIV-specific CD8+
effector T cells do not affect virus infectivity, (2) CD4+CCR5- express CCR5 in the presence of
infected cells and (3) SHIV-specific CD8+ effector T cells do not proliferate in the absence of infected
cells. This model has the form:

dT

dt
= −keT

dP

dt
= keT + r̂p

(
1− A

Kp

)
P

dN

dt
= λpP − d̂nN − ω4

Ip + Iu

1 +
Ip+Iu
I50

N

dS

dt
= λnN + r̂s

(
1− A

Ks

)
S − βV S + ω4

Ip + Iu

1 +
Ip+Iu
I50

N

dIp
dt

= τβV S − δIIp + ξL

dIu
dt

= (1− τ)βV S − δIIu
dV

dt
=

1

1 + θEh
πIp − γV

dM

dt
= λpP + rm

(
1− A

Km

)
M + ω8 (1− fp)

Ip + Iu

1 +
Ip+Iu
I50

M

dE

dt
= λmM + r̂e

(
1− A

Ke

)
E

dEh
dt

= ω8f
Ip + Iu

1 +
Ip+Iu
I50

M − dhEh.

(S14)
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4 Full model including gene-edited cells.

We adapted the model to include cells that are CCR5 gene-modified: CCR5 gene-modified- trans-
planted HSPCs Tp, T cell progenitor cells in BM/thymus Pp, and blood CD4+CCR5- T cells Np.
Here, Tp(t0) = 4 × 107fp and T (t0) = 4 × 107(1 − fp). Thus, the complete model had the
form:

dTp
dt

= −keTp
dPp
dt

= keTp + r̂p

(
1− A

Kp

)
Pp

dNp

dt
= λpPp − d̂nNp

dT

dt
= −keT

dP

dt
= keT + r̂p

(
1− A

Kp

)
P

dN

dt
= λpP − dnN − ω4

Ip + Iu

1 +
Ip+Iu
I50

N

dS

dt
= λnN + r̂s

(
1− A

Ks

)
S − βV S + ω4

Ip + Iu

1 +
Ip+Iu
I50

N

dIp
dt

= τβV S − δIIp + ξL

dIu
dt

= (1− τ)βV S − δIIu
dV

dt
=

1

1 + θEh
πIp − γV

dM

dt
= λp (P + Pp) + r̂m

(
1− A

Km

)
M + ω8 (1− fp)

Ip + Iu

1 +
Ip+Iu
I50

M

dE

dt
= λmM + r̂e

(
1− A

Ke

)
E

dEh
dt

= ω8f
Ip + Iu

1 +
Ip+Iu
I50

M − dhEh

(S15)

where A = N + S + Ip + Iu + M + E + Eh, β = 0 if t < (ATI + ∆t), and total number of
CD4+CCR5+ T cells as S + Ip + Iu.
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Supplementary Fig 1. CD8+ T cell subset kinetics after transplant and before ATI (No transplant
for the animals in the control group). Blood cell counts for (A) CD8+ TN and (B) CD8+ TCM cells
(blue lines: control group, red lines: transplant group). Scatterplots comparing the total CD8+ T cell
concentrations vs (C) CD8+ TN and (D) CD8+ TCM cells over time from animals in the transplant
group (p-value computed using repeated measures correlation test).
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Supplementary Fig 2. Best fits of the model in equation S9 to all blood T cell subsets before ATI
for the control group. Each row is one animal.
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Supplementary Fig 3. Best fits of the model in equation S9 to all blood T cell subsets before ATI
for the transplant group. Each row is one animal.
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Supplementary Fig 6. Best fits of the model in equation S14 to all blood T cell subsets before/after
ATI for the control group. Each row is one animal.
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Supplementary Fig 7. Best fits of the model in equation S14 to all blood T cell subsets before/after
ATI for the transplant group. Each row is one animal.
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6 Supplementary Tables

Table 1: Competing models for fitting T cell reconstitution with respective AIC values. Best fit in
bold-red (lowest AIC). In all cases, ηj ∼ N

(
0, σ2

ψ

)
. ∀j indicates ‘for all animals’.

# Description and mathematical/fitting properties AIC
1 Full model. Kj

n,K
j
s ,K

j
m,K

j
e are modeled as 10ψj = 10K

j
p−ψ̄e

ηj . -276.5
2 Full model. Kj

n,K
j
s ,K

j
m,K

j
e are modeled as 10ψj = 10ψ̄+ηj . -51.8

3 λs = 0 ∀j. Kj
n,K

j
s ,K

j
m,K

j
e are modeled as 10ψj = 10ψ̄+ηj . -250.3

4 λs = 0 ∀j. Kj
n,K

j
s ,K

j
m,K

j
e are modeled as 10ψj = 10K

j
p−ψ̄e

ηj . -280.1
5 rn = 0 and dn = 0 ∀j.Kj

n,K
j
s ,K

j
m,K

j
e are modeled as 10ψj = 10K

j
p−ψ̄e

ηj . -279.7
6 λe = λf , rn = 0 , and dn = 0 ∀j. Kj

s ,K
j
m,K

j
e are modeled as 10ψj =

10K
j
p−ψ̄e

ηj .
-279.3

7 λe = λf , rn = 0 , dn = 0, and λs = 0 ∀j. Kj
s ,K

j
m,K

j
e are modeled as

10ψj = 10K
j
p−ψ̄e

ηj .
-260.5

8 rn = 0, dn = 0, and λs = 0 ∀j. Kj
s ,K

j
m,K

j
e are modeled as 10ψj = 10K

j
p−ψ̄e

ηj . -261.9
9 rn = 0 ∀j. d̂jn is modeled as d̂jn = λn

(
1 + ψ̄eηj

)
. Kj

s ,K
j
m,K

j
e are modeled as

10ψj = 10K
j
p−ψ̄e

ηj .
-278.3

10 λe = λf and rn = 0 ∀j. d̂jn is modeled as d̂jn = λn
(
1 + ψ̄eηj

)
. Kj

s ,K
j
m,K

j
e are

modeled as 10ψj = 10K
j
p−ψ̄e

ηj .
-276.5

11 λs = 0, λe = λf and rn = 0 ∀j. d̂jn is modeled as d̂jn = λn
(
1 + ψ̄eηj

)
.

Kj
s ,K

j
m,K

j
e are modeled as 10ψj = 10K

j
p−ψ̄e

ηj .
-284.5

12 λs = 0 and rn = 0 ∀j. d̂jn is modeled as d̂jn = λn
(
1 + ψ̄eηj

)
. Kj

s ,K
j
m,K

j
e are

modeled as 10ψj = 10K
j
p−ψ̄e

ηj .
-281.0

13 λs = 0, λe = λf and rn = 0 ∀j. d̂jn is modeled as d̂jn = λn
(
1 + ψ̄eηj

)
.

Kj
s ,K

j
m,K

j
e are modeled as 10ψj = 10K

j
p−ψ̄ , σψ = 0 .

-291.2

14 λs = 0 and rn = 0 ∀j. d̂jn is modeled as d̂jn = λn
(
1 + ψ̄eηj

)
. Kj

s ,K
j
m,K

j
e are

modeled as 10ψj = 10K
j
p−ψ , σψ = 0.

-289.5

15 λs = 0, λe = λf and rn = 0 ∀j. d̂jn is modeled as d̂jn = λn
(
1 + ψ̄eηj

)
.

Kj
s ,K

j
m,K

j
e are modeled as 10ψj = 10K

j
p−ψ̄ , σψ = 0 . λn, λf , λe, λm are mod-

eled as ψj = ψ̄, ηj = 0.

-297.7

16 λs = 0, λe = λf and rn = 0 ∀j. d̂jn is modeled as d̂jn = λn
(
1 + ψ̄eηj

)
.

Kj
s ,K

j
m,K

j
e are modeled as 10ψj = 10K

j
p−ψ̄ , σψ = 0. rp, λn, λf , λe, λm are

modeled as ψj = ψ̄ , σψ = 0.

-299.9

17 λe = λf , rn = 0 and rm = 0 ∀j. d̂jn is modeled as d̂jn = λn
(
1 + ψ̄eηj

)
. d̂jm is

modeled as d̂jm = λm
(
1 + ψ̄eηj

)
. Kj

s ,K
j
e are modeled as 10ψj = 10K

j
p−ψ̄e

ηj .
-281.6

18 λs = 0 , λe = λf , rn = 0 and rm = 0 ∀j. d̂jn is modeled as d̂jn =

λn
(
1 + ψ̄eηj

)
. d̂jm is modeled as d̂jm = λm

(
1 + ψ̄eηj

)
. Kj

s ,K
j
e are modeled

as 10ψj = 10K
j
p−ψ̄e

ηj .

-285.2

19 λs = 0, λe = λf , rn = 0 and rm = 0 ∀j. d̂jn is modeled as d̂jn = λn
(
1 + ψ̄eηj

)
.

d̂jm is modeled as d̂jm = λm
(
1 + ψ̄eηj

)
. Kj

s ,K
j
e are modeled as 10ψj = 10K

j
p−ψ ,

σψ = 0. rp, λn, λf , λe, λm are modeled as ψj = ψ̄, σψ = 0.

-298.9
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Table 2: Competing models for fitting T cell and viral dynamics using the best model in Table S1,
with AIC values. Best fit in bold-red (lowest AIC).

Assumptions on Ψ j AIC
1 θ = φ = 1 for all animals. -185.7
2 θ = 1 , φ = 0 for all animals. -197.2
3 θ = 0 , φ = 1 for all animals. -183.3
4 θ = 1 , φ = 0 for all animals.

djh is modeled as ψj = ψ̄ , σψ = 0 .
-200.3

5 θ = 0 , φ = 1 for all animals.
djh is modeled as ψj = ψ̄ , σψ = 0 .

-186.3

6 φ = 0 for all animals.
djh is modeled as ψj = ψ , σψ = 0 .
θj is modeled as 10ψj = 10ψ̄ , σψ = 0 .

-196.4

7 θ = 0 for all animals.
djh is modeled as ψj = ψ̄ , σψ = 0 .
φj is modeled as 10ψj = 10ψ̄ , σψ = 0 .

-183.6

8 θ = 1 , φ = 0 for all animals.
djh is modeled as ψj = ψ̄ , σψ = 0 .
ωj4 is modeled as 10ψj = 10ψ̄ , σψ = 0 .

-200

9 θ = 1 , φ = 0 for all animals.
djh is modeled as ψj = ψ̄ , σψ = 0 .
Ij50 is modeled as 10ψj = 10ψ̄ , σψ = 0 .

-203.7

10 θ = 1 , φ = 0 for all animals.
djh is modeled as ψj = ψ̄ , σψ = 0 .
βj is modeled as 10ψj = 10ψ̄ , σψ = 0 .

-127

11 θ = 1 , φ = 0 , and ω4 = 0 for all animals.
dh is modeled as ψj = ψ̄ , σψ = 0 .

-42

12 Adapted equation for Eh : dEhdt = re

(
1− A

Ke

)
Eh + ω8f

Ip+Iu

1+
Ip+Iu
I50

M

θ = 1 , φ = 0 for all animals.

-188.9

13 Adapted equation for Eh : dEhdt = re

(
1− A

Ke

)
Eh + ω8f

Ip+Iu

1+
Ip+Iu
I50

M

θ = 0 , φ = 1 for all animals.

-173.41

14 Adapted equation for Eh : dEhdt = re

(
1− A

Ke

)
Eh + ω8f

Ip+Iu

1+
Ip+Iu
I50

M

φ = 0 for all animals.
θj is modeled as 10ψj = 10ψ̄ , σψ = 0 .

-185.1

15 Adapted equation for Eh : dEhdt = re

(
1− A

Ke

)
Eh + ω8f

Ip+Iu

1+
Ip+Iu
I50

M

θ = 0 for all animals.
φj is modeled as 10ψj = 10ψ̄ , σψ = 0 .

-171.1
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Table 3: Population parameter estimates for the fits of themodel in equation S9 (lowest AIC inTable
S1) to the T cell reconstitution dynamics. RSE: relative standard error. Empty fields represent cases
when the standard deviation of random effects, σψ , was fixed to zero. Values of the fixed effects (ψ̄)
obtained for Kp, N (t0) , S (t0) ,M (t0) , and E (t0) had units of absolute cell counts in the model.
The values shown here (and used when fitting to data) are in logarithmic scale due to the definition
of ψj but were transformed after dividing to 5 × 105µL, the assumed blood volume in macaques
(the blood volume was calculated in the same way for all animals, assuming a blood:weight ratio of
100mL/Kg, and body weight of 5Kg). Red values represent a RSE greater than 100%, implying that
the number of data points may not be enough to estimate those parameters.

Parameter ψ̄ σψ % RSE ψ̄ % RSE σψ
r̂p 0.05 22
r̂s 0.12 0.35 18 28
r̂m 0.002 0.66 1382 38
r̂e 0.11 0.35 18 33
d̂n 13.8 0.76 59 34
λp 0.01 42
λn 0.002 46
λm 0.07 36
Kp 3.2 0.19 1 25
Ks 0.07 40
Km 2.0 294
Ke 0.09 32
N (t0) 1.8 0.18 1 42
S (t0) 0.4 0.37 3 41
M (t0) 0.9 0.15 2 120
E (t0) 1.2 0.33 3 43
σN 0.16 6
σS 0.12 6
σC 0.15 6
σE 0.19 11
σM 0.23 12
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Table 4: Individual parameter estimates for the fits of the model in equation S9 (lowest AIC in
Table S1) to the T cell reconstitution dynamics. Values obtained for Kp, N (t0) , S (t0) ,M (t0) ,
and E (t0) had units of absolute cell counts in the model. The values shown here were transformed
after dividing to 5 × 105µL, the assumed blood volume in a pigtailed macaque (the blood volume
was calculated in the same way for all animals, assuming a blood:weight ratio of 100mL/Kg, and
body weight of 5Kg). Initial values for the control group where obtained from equation S7.

Control Transplant
Z09087 Z09106 Z09192 Z09204 Z09144 Z08214 A11200 Z09196

r̂jp [day−1] 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
r̂js [day−1] 0.17 0.09 0.12 0.09 0.14 0.16 0.08 0.21
r̂jm [day−1] 0.002 0.001 0.001 0.002 0.005 0.002 0.003 0.001
r̂je [day−1] 0.09 0.14 0.13 0.08 0.12 0.09 0.07 0.19
d̂jn [day−1] 0.04 0.07 0.05 0.03 0.01 0.03 0.06 0.01
λjp [day−1] 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
λjn [day−1] 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
λjm [day−1] 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Kj
p

[cells µL−1]
2942 2091 3195 2244 1121 1490 1322 884

Kj
s

[cells µL−1]
2518 1790 2735 1921 960 1275 1131 757

Kj
m

[cells µL−1]
27 19 29 21 10 14 12 8

Kj
e

[cells µL−1]
2388 1697 2592 1821 910 1209 1073 718

N j(t0)
[cells µL−1]

1482 618 1360 1281 49 52 111 41

Sj(t0)
[cells µL−1]

106 81 135 164 2 1 10 1

M j(t0)
[cells µL−1]

309 415 482 1217 7 7 11 8.0

Ej(t0)
[cells µL−1]

1045 975 1217 634 11 11 48 9

22



Table 5: Population parameter estimates for the fits of the model in equation S14 (lowest AIC in
Table S2) to the T cell and virus dynamics. RSE: relative standard error. Empty fields represent
cases when the standard deviation of random effects, σψ , was fixed to zero. Values of the fixed
effects (ψ̄) obtained for Kp, N (t0) , R (t0) ,M (t0) , and E (t0) had units of absolute cell counts in
the model. The values shown here (and used when fitting to data) are in logarithmic scale due to
the definition of ψj but were transformed after dividing to 5× 105µL, the assumed blood volume in
a pigtailed macaque (the blood volume was calculated in the same way for all animals, assuming a
blood:weight ratio of 100mL/Kg, and body weight of 5Kg). Red values represent a RSE greater than
100%, implying that the number of data points may not be enough to estimate those parameters.

Parameter ψ̄ σψ % RSE for:
ψ̄ σψ

r̂p 0.04 21
r̂s 0.14 0.30 16 29
r̂m 0.003 0.98 458 29
r̂e 0.09 0.33 17 34
d̂n 1.4 1.02 64 37
λp 0.01 24
λn 0.004 26
λm 0.09 29
Kp 3.2 0.17 1 25
Ks 0.10 26
Km 1.5 126
Ke 0.12 24
N (t0) 1.7 0.14 1 46
R (t0) 0.35 0.39 4 43
M (t0) 0.89 0.12 2 186
E (t0) 1.2 0.31 3 43
β -3.5 0.61 6 26
ω4 -1.2 0.43 5 28
ω8 -2.4 0.53 5 33
dh 0.05 21
I50 -0.69 7
∆t 7.5 0.50 20 31
σN 0.19 5
σR 0.12 5
σC 0.16 5
σE 0.19 10
σM 0.25 10
σV 0.69 8
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Table 6: Individual parameter estimates for the fits of the model in equation S14 (lowest AIC in
Table S2) to the T cell and virus dynamics. Values obtained for Kp, N (t0) , R (t0) ,M (t0) , and
E (t0) had units of absolute cell counts in the model. The values shown here were transformed after
dividing to 5 × 105µL, the assumed blood volume in macaques (the blood volume was calculated
in the same way for all animals, assuming a blood:weight ratio of 100mL/Kg, and body weight of
5Kg). Initial values for the control group where obtained from equation S13.

Control Transplant
Z09087 Z09106 Z09192 Z09204 Z09144 Z08214 A11200 Z09196

r̂jp [day−1] 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
r̂js [day−1] 0.21 0.12 0.16 0.12 0.12 0.16 0.08 0.19
r̂jm [day−1] 0.002 0.001 0.001 0.003 0.014 0.004 0.007 0.002
r̂je [day−1] 0.08 0.10 0.11 0.07 0.10 0.09 0.07 0.17
d̂jn [day−1] 0.01 0.02 0.01 0.01 0.01 0.01 0.03 0.01
λjp [day−1] 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
λjn [day−1] 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
λjm [day−1] 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Kj
p

[cells µL−1]
2571 1957 3032 2201 1125 1398 1057 1056

Kj
s

[cells µL−1]
2054 1564 2423 1759 899 1117 844 844

Kj
m

[cells µL−1]
76 58 90 65 33 41 31 31

Kj
e

[cells µL−1]
1945 1480 2294 1665 851 1057 799 799

N j (t0)
[cells µL−1]

1311 558 1254 1244 43 38 74 38

Sj (t0)
[cells µL−1]

104 75 126 167 2 1 9 1

M j (t0)
[cells µL−1]

257 353 458 151 7.0 7.3 9.2 7.4

Ej (t0)
[cells µL−1]

896 973 1194 637 13 12 50 11

β
[µL copies−1

day−1]

0.0009 0.0003 0.0002 0.0001 0.0002 0.0057 0.0001 0.0002

ω4

[µL cells−1

day−1]

0.08 0.05 0.02 0.04 0.19 0.38 0.06 0.03

ω8

[µL cells−1

day−1]

0.013 0.006 0.003 0.029 0.002 0.001 0.006 0.002

dh [day−1] 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
I50

[cells µL−1]
0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

∆t [days] 5.9 4.5 6.4 6.7 7.3 20.1 10.4 7.6
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