
E D I T O R I A L  C O M M E N T A R Y

Clinical Infectious Diseases

e3456  •  cid  2021:73  (1 November)  •  EDITORIAL COMMENTARY

 

Received 24 July 2020; editorial decision 29 July 2020; 
accepted 31 July 2020; published online August 8, 2020.

Correspondence: E.  A. Kendall, Johns Hopkins University 
School of Medicine, 1550 Orleans Street Room 106, Baltimore, 
MD 21287 (ekendall@jhmi.edu).

Clinical Infectious Diseases®    2021;73(9):e3456–8
© The Author(s) 2020. Published by Oxford University Press for 
the Infectious Diseases Society of America. All rights reserved. 
For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciaa1144

When Infections Don’t Reflect Infectiousness: Interpreting 
Contact Investigation Data With Care
Emily A. Kendall

Division of Infectious Diseases and Center for Tuberculosis Research, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA

(See the Major Article by Martinez et al on pages e3446–55.)

Keywords.   contact tracing; infectious disease transmission; infectiousness; tuberculosis; COVID-19.

Contact tracing, besides being a useful 
public health tool for both finding 
superspreaders [1] and treating the ex-
posed [2], is often central to learning about 
the dynamics of disease transmission [3, 
4]. In their article in this issue of Clinical 
Infectious Diseases, Martinez and colleagues 
[5] demonstrate this utility, by using con-
tact investigation data to evaluate the as-
sociation between tuberculosis (TB) and 
human immunodeficiency virus (HIV) 
from the perspective of TB transmission. 
By systematically reviewing studies of the 
contacts of index cases with TB, Martinez 
and colleagues determined that the con-
tacts of patients with TB and HIV were ap-
proximately 33% less likely to be infected 
with Mycobacterium tuberculosis than the 
contacts of patients with TB without HIV.

Similar uses of contact tracing to es-
timate infectiousness have recently 
been applied to  coronavirus disease 
2019 (COVID-19). In South Korea, data 
from the country’s thorough COVID-19 
contact-tracing program [6] were used to 
analyze the relationship between the age 

of an index case and the prevalence of se-
vere acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection among 
his or her contacts. This study, which 
described a relatively high prevalence of 
COVID-19 among the contacts of older 
child and adolescent index cases, has 
been widely interpreted as evidence that 
older children with COVID-19 are as in-
fectious as adults.

Care is required, however, when using 
contact investigation data to evaluate in-
fectiousness. The prevalence of infection 
or disease among the contacts of an index 
case may reflect the infectiousness of that 
case, it is far from a direct measure of in-
fectiousness. Interpreting  but it as such 
invokes at least 3 assumptions about trans-
mission: that transmission occurs over the 
same time period for all index cases, that 
the index case was always the first person 
infected within a contact pair, and that in-
fections identified through contact investi-
gation share a direct transmission link. In 
reality, each of these 3 assumptions may be 
violated in important ways.

First, transmission depends on both 
the degree and the duration of infec-
tiousness. The cumulative amount of 
transmission that has occurred from 2 
index cases may not reflect their relative 
infectiousness on any given day, unless 
their duration of infectiousness has been 
equivalent. As asymptomatic carriers of a 
variety of infections  illustrate [7, 8], less 
infectious hosts can ultimately spread 

more disease than those with a higher 
pathogen burden, if milder disease allows 
the natural duration of infectiousness 
to be prolonged. Similarly, characteris-
tics that cause delays in diagnosis (and 
therefore in isolation or treatment) 
may increase cumulative transmission 
without affecting disease duration. For 
TB, HIV-associated cases progress more 
rapidly  to clinically diagnosable disease 
or death, and this causes HIV-negative 
TB to be overrepresented among preva-
lent cases [9]. Therefore, when Martinez 
and colleagues present evidence that pa-
tients with TB and HIV generate fewer 
secondary cases, the explanation for this 
finding might be that they are less infec-
tious at any given moment, or it might 
be that their shorter duration of TB dis-
ease provides less opportunity to spread. 
A  similar but opposite effect might be 
observed in contact-based estimates of 
the infectiousness of drug-resistant TB: 
because the detection and appropriate 
treatment of drug-resistant TB is often 
delayed, contact-based study designs may 
overestimate the relative infectiousness of 
drug-resistant cases (and thus underesti-
mate fitness costs associated with drug 
resistance).

A second caveat to estimating infec-
tiousness from contact data is that the 
first person diagnosed may not have been 
the first infected. “Index case” describes 
the sequence of detection, and not ne-
cessarily that of transmission. Sequences 
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of detection and transmission may cor-
respond poorly for diseases with variable 
incubation periods, low case-detection 
rates, or high degrees of asymptomatic or 
presymptomatic transmission. In the case 
of TB, although HIV promotes rapid dis-
ease progression, many people without 
HIV experience months or years of pro-
tracted TB with minimal symptoms [10]. 
In some individuals without HIV, TB may 
even resolve without ever being diagnosed 
or treated [11]. Thus, a person without HIV 
may spread TB to a contact with HIV, but 
may remain undiagnosed with minimal 
symptoms while that contact progresses to 
active and clinically diagnosable TB disease. 
When a contact investigation of the pa-
tient with HIV is conducted, the source of 
that patient's infection may be identified as 
a contact with active TB, or they may have 
spontaneously improved  prior to contact 
investigation (such that they appear to be a 
latently infected contact). In studies such as 
those reviewed by Martinez and colleagues, 
misclassifying the direction of transmission 
would tend to weaken any true association 
between HIV status and infectiousness.

COVID-19 contact investigation data 
may be prone to similar effects. In South 
Korea’s recent contact study, the authors 
noted they could not determine direction 
of transmission, and the data do not fully 
justify the widespread interpretation of 
the proportion of contacts infected as a 
measure of index case infectiousness. In 
the rare instances that an older child or 
adolescent was the index case (2% of all 
clusters), they had a small number of total 
contacts.  Thus   although the proportion 
of contacts infected was relatively high, 
the absolute number of infected contacts 
was low (<1, on average). These young 
people had to be infected with COVID-
19 by someone, even if that source had 
gone undiagnosed. Such data would be 
consistent with an alternative scenario 
in which most or even all transmission 
originated from adults. The child and 
adolescent index cases would represent 
the occasions in which the adult source 
had asymptomatic disease but the child 

or adolescent whom they infected devel-
oped COVID-19 symptoms—leading the 
secondarily infected child to become the 
cluster’s index case.

A third limitation of contact investigation 
data is that contact investigations cannot 
evaluate all possible exposures. An index case 
and his or her contact may both have been 
infected by an external source (either shared 
or distinct)—and the risk that an index case 
and their contacts experience such exposure 
to external cases in the community may de-
pend on other characteristics of the index 
case. For TB, Martinez and colleagues previ-
ously estimated that more than 80% of trans-
mission occurs outside of households [12]. 
Moreover, data on drug-resistance concord-
ance suggest that even when 2 active cases 
of TB develop within a household in rapid 
succession, their infections are unrelated up 
to 20% of the time [13]. Thus, the prevalence 
of infection among an index case’s contacts 
reflects, in part, the past and present risk of 
TB exposure within those contacts’ broader 
networks. Determinants of TB exposure in-
clude spatial and socioeconomic factors that 
are shared at the household level. Where 
those household-level risk factors for TB ex-
posure are also associated with HIV (such 
as vulnerable economic status or living in a 
high TB- and HIV-burden neighborhood), 
they may confound the relationship between 
index case HIV status and household preva-
lence of TB infection.

In summary, the prevalence of in-
fection among contacts is a useful 
but  imperfect measure of index case 
infectiousness. Independent of index 
case infectiousness, the prevalence of 
infection in contacts may be increased 
by index case characteristics that ex-
tend the duration of disease over which 
transmission can occur, which allow 
secondary cases to be diagnosed sooner 
than the sources of their infections, or 
that increase the household-level risk of 
exposure to cases in the broader com-
munity. The magnitude of these effects 
on estimates of the infectiousness of 
HIV-associated TB is uncertain, but 
the biological plausibility of risk factors 

that Martinez and colleagues identified 
for infectiousness within populations 
with HIV (namely, high sputum ba-
cillary burden and less advanced HIV 
disease) suggests that the bias may be 
small. More importantly, regardless 
of mechanism, the measured burden 
of infection and disease in contacts of 
index cases with TB and HIV has clear 
policy implications: contacts of pa-
tients with TB are at high risk of TB, 
and contacts of patients with TB and 
HIV have nearly as high a risk of TB 
(and a much higher risk of HIV) than 
other TB contacts. Whether or not their 
high risk is a direct result of index case 
infectiousness, they are an important 
target population for interventions to 
diagnose and prevent disease, and con-
tact investigation is a useful tool for 
delivering that care.
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