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Discussion on “The timing and effectiveness of
implementing mild interventions of COVID-19 in
large industrial regions via a synthetic control

method” by Tian et al.

YIFAN ZHU

This article provides an overview and discussion of the
recent published paper from Tian et al. on modeling the
differences of COVID-19 outbreak between Shenzhen and a
synthetic population constructed from 68 US counties.
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The work by Tian et al. on efficacy evaluation of COVID-
19 outbreak intervention is very interesting. The authors
established synthetic populations that shared several sim-
ilar key environmental and societal features with popula-
tion in Shenzhen, China which experienced COVID-19 out-
break from late January to early February 2020. The size of
prevented infection numbers was estimated comparing pop-
ulations whether with immediate or delayed intervention
implementation. The authors fitted Susceptible-Infected-
Hospitalized-Removed (STHR) models to the observed case
confirmation trends in both Shenzhen and the synthetic
populations, and estimated intervention efficacy using a flex-
ible parametric family suitable for the relative mild interven-
tion happened in Shenzhen. They found that these inter-
ventions could be effective when implemented early, while
being less damaging than rather draconian measures used
elsewhere. I would like to provide a few comments on the
approach by Tian et al. and discuss several directions for
future research.

1. ESTABLISHING SYNTHETIC
POPULATIONS FOR CAUSAL
INFERENCE

Tian et al. proposed a modified approach using the syn-
thetic control method (SCM) to construct a synthetic ver-
sion of Shenzhen population during the early COVID-19
outbreak phase from 68 counties in the United States. Their
motivation was that after adjusting for factors such as lat-
itude and population density, the important environmental

and societal features for community transmission of an in-
fectious disease such as COVID-19 could be well matched
between the real and synthetic Shenzhen populations. The
“training” step of SCM was performed with the first 4 days
since the detection of initial local cases in Shenzhen and 68
US counties. The reason for the 4-day duration was that
Shenzhen started intervention afterwards thus creating the
gap of transmission dynamics between itself and the US
counties. If unlimited by such objective situation, a longer
“training” duration could have been more convincing on
the quality of the established synthetic population from US
counties. The current window limited to 4 days may be a
bit short with COVID-19. Considering the commonly rec-
ognized Ry between 2-3 [3, 6, 4] and a serial interval (dis-
ease onset time between index and secondary cases) of 46
days [1, 2, 3, 5], the overall number of confirmed cases within
4 days after initial detection would be relatively small (af-
ter 4 days one could expect about a triple number of new
cases compared to day 1). Furthermore, during early phase
of a local outbreak, many other limiting factors including
insufficient and/or delayed testing, unawareness in both au-
thority and general populations, and longer delay between
individual symptom onset and case conformation could all
affect the data quality and induce extra uncertainty.

The above weakness from a short “burn-in” window how-
ever, might have been partially alleviated by constructing
the synthetic Shenzhen population from as many as 68 US
counties using SCM with external factors (latitude, popula-
tion density) and PCA dimension reduction approaches. The
SCM process took into consideration the spatial and tem-
poral heterogeneity among the US counties, thus the source
of uncertainties from different counties could be partially
averaged out in the constructed synthetic population.

2. TRANSMISSION DYNAMIC MODEL FOR
COVID-19

After establishing the synthetic “Shenzhen” population
using SCM, Tian et al. fitted STHR models to the case-
confirmation curve observed from both real and synthetic
Shenzhen and estimated the intervention efficacy with a flex-
ible parametric function family. The proposed STHR model
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was claimed to be advantageous over the traditional SIR or
SEIR models by considering pre-symptomatic transmission
of COVID-19. However, the underlying assumptions of the
proposed STHR model were relatively strict and could be
improved to better suit the actual outbreak. In their STHR
model, it is clear from the dynamic operator expression 7 g
that only a subject in I status would be infectious, and once
the subject moves to H status he or she would no longer shed
infection hazard. The removal rate L;, between I and H
status is the exponential rate of time between infection and
“hospitalization or isolation”, instead of the “incubation pe-
riod” they claimed. The proper definition of the incubation
period is the time between infection and symptom onset.
Unless all patients were immediately isolated/hospitalized
once they started to show any symptom, L;, in the paper
doesn’t equal to “mean length of incubation period”. With
the assumption of both pre-symptomatic and symptomatic
infections being equally important with COVID-19, L;, ac-
tually has three components: (1) the incubation period, (2)
the time between symptom onset to case confirmation by
PCR test, and (3) the time between the positive test result
to isolation/quarantine. Note that in practice the situation
could be even more complicated as (3) may overlap with
either (1) or (2) given different implementation of interven-
tions, proper transmission models for COVID-19 are indeed
very interesting and still underdeveloped.

To model the “relatively mild intervention”, Tian et al.
introduced a flexible logistic function shaped to model the
time-varying efficacy of the measures against COVID-19 in
Shenzhen. The function parameters mi,mo and A,,, could
be tuned to indicate the timeliness and efficacy of overall
intervention implemented locally. As shown in Fig. 1 in the
paper, S(t) approaches to a vary small value ¢ = 0.01 as
t — +o00. Thus mathematically this time-varying efficacy
will eliminate any infection hazard in the population eventu-
ally. On the other hand, as shown in expression (6) the inter-
vention function also formats the time-varying effective re-
production number R;, which eventually will also approach
zero. In practice, as long as the effective reproduction num-
ber remains below the critical value of one, the transmission
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would be well under control. Thus the parameter ¢ doesn’t
need to be close to zero. Interestingly from Fig. 2 it seems
m1 was chosen to be 5 and the estimated ms, although not
shown, should be quite large since until Feb. 3 the number
of observed confirmed cases in Shenzhen is still increasing,
indicating that at that time R; had not yet fallen below one.
Compared to the estimated effective R; of Wuhan following
the city lockdown on Jan. 23, 2020 [5, 6], the first 15 days of
COVID-19 outbreak in Shenzhen indeed showed somewhat
the mild intervention was implemented.
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