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A clinician’s primer on epidemiology for COVID-19
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SUMMARY

The coronavirus disease 2019 (COVID-19) pandemic has resulted in
a concomitant deluge of medical, biological, and epidemiologic
research. Clinicians are interested in incorporating the best new
evidence-based practices when treating individuals with COVID-19
and instituting severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) transmission prevention protocols. However, without
sufficient background knowledge, evaluating epidemiologic studies
can be challenging, and failure to identify sources of bias could lead
to poor treatment decisions. Here we provide a brief primer on key
concepts and terms related to COVID-19 epidemiology to provide
clinicians with a starting point for evaluating the emerging
COVID-19 literature.

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has infected millions
of people globally; there were over 2 million reported deaths and almost 95 million
confirmed cases of coronavirus disease 2019 (COVID-19) worldwide from January
2020 to January 2021." The pandemic has also spurred a huge scientific effort to un-
derstand the biology, epidemiology, and clinical treatment of the virus. Epidemi-
ology is the study of the distribution and determinants of disease states in human
populations, and many epidemiological studies of SARS-CoV-2 have emerged
and contributed to a better understanding of the disease. Moreover, these epidemi-
ological findings can inform clinical practice to improve outcomes. However, many
clinicians may be unfamiliar with the basic epidemiology concepts needed to
read, evaluate, and incorporate evidence-based medicine into their clinical practice,
particularly as they apply to emerging infectious diseases.

In this review, we aim to elucidate common epidemiological concepts essential for
understanding the COVID-19 literature, with a particular focus on clinicians. Essen-
tial epidemiological concepts are discussed, such as the terms to define morbidity
and mortality, disease progression in infected individuals, and disease transmission
between individuals. We also explore basic infectious disease modeling terms.
Mathematical modeling has been beneficial in making predictions about the spread
of disease and assessing intervention strategies to support population-based policy
decisions. Finally, we examine different study designs in epidemiological studies
and explore common biases, such as confounding and causality, to aid clinicians
in critically evaluating the current and rapidly changing literature on clinical treat-
ments for COVID-19.

KEY TERMS AND CONCEPTS

We begin by reviewing some basic concepts and key terms related to infectious
disease epidemiology. The case fatality rate (CFR) and infection fatality rate (IFR)
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highlight the mortality of the pathogen and are useful measures to compare out-
comes across different groups and populations. The CFR is the proportion of fatal
cases because of the disease among all individuals who were diagnosed with the dis-
ease in a given population.” There are numerous factors that influence the CFR and
can increase or decrease the calculated value. In particular, the CFR can be greatly
affected by case definition and guidelines for testing access. Because these vary
across jurisdictions, there is unlikely to be a single CFR value that applies universally.
For SARS-CoV-2, access to testing for symptomatic and asymptomatic individuals
and the listed cause of death—pneumonia versus SARS-CoV-2 versus pulmonary
emboli—are particularly important determinants of the CFR. Expanding upon the
CFR is the idea of an IFR, which is the proportion of fatal cases because of a given
pathogen among the total number of infected individuals.” Calculation of the IFR
therefore expands the total number of individuals included in the numerator and de-
nominator to also incorporate those who were not officially diagnosed with SARS-
CoV-2. Depending on the jurisdiction, this could include individuals with mild symp-
toms or asymptotic individuals or those with self-reported influenza-like illnesses
who were unable to receive confirmatory testing. The larger denominator means
that the value of the IFR is always equal to or lower than the CFR. Often, at the begin-
ning of emerging infectious diseases outbreaks, the lack of widespread diagnostic
testing can lead to overestimation of IFR and CFR because only the sickest individ-
uals seek care and are diagnosed. Over time, as the full range of disease is under-
stood, these values generally tend to decrease.® In United States jurisdictions, a
recent seroprevalence study reported a broad range of 1%-23% for detectable
SARS-CoV-2 antibodies from July to September 2020; however, there was little ev-
idence of infection in many geographic areas.” Widespread access to diagnostic
testing or methodic population-based surveillance testing is necessary to accurately
estimate the CFR and IFR.

As mentioned above, the CFR depends heavily on the case definition for COVID-
19. There is often a multitude of disease presentations of SAS-CoV-2 across a
population. To explain the average progression of a disease in infected individ-
uals, various terms are used to classify an individuals’ current display of disease,
including asymptomatic, paucisymptomatic, pre-symptomatic, and symptomatic.
A classification of being asymptomatic means that the person is infected by a
pathogen but has an “infection with subclinical manifestation of disease” that
can be detected and confirmed via laboratory tests.” In a SARS-CoV-2 systematic
review, approximately 20% of “people who become infected with SARS-CoV-2
remained asymptomatic throughout infection,”® but other studies have reported
a higher estimate of 40%-45%.” Four separate studies found evidence of a small
percentage of asymptomatic individuals infecting others, but it is difficult to
assess the extent of this mode of transmission;” one study reports 6% transmis-
sion from asymptomatic individuals.” The classification of pre-symptomatic is
similar to asymptomatic; a pre-symptomatic individual has an initial asymptomatic
period in their disease course that later develops into a typical symptomatic
state.”'” One review reports a pre-symptomatic disease proportion between
0%-10% that increases in older populations and closed environments (i.e., cruise
ships, nursing homes) cohorts,” but there can be substantial variability in this pro-
portion based on when the test was performed after infection (Figure 1). Pre-
symptomatic transmission accounts for about 50% of all transmission, contrib-
uting to the worldwide pandemic spread.”'’ Last, there are individuals who
display mild or non-severe symptoms and therefore choose to not engage with
the healthcare system and fall beneath the threshold for detection by the sys-
tem.'” These individuals are classified as paucisymptomatic. Importantly,
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Figure 1. Clinical course of infectiousness and transmission between two individuals with COVID-19
In general, the infectious period begins before the symptomatic period and continues through the early phase of the symptomatic period.

individuals who fall into all of these categories are capable of virus transmission
to uninfected people.

The risk of transmission between an infected and uninfected individual is not only
dependent on the person’s symptomatic classification but also on the infected per-
son’s disease time course. July 2020, World Health Organization guidelines high-
lighted the importance of this clinical time course in SARS-CoV-2 because infected
individuals can transmit the virus 1-2 days prior to onset of symptoms and maintain
an infection burden high enough to permit infectivity up to 9 days after symptom
onset.'” However, transmission of virus particles is also dependent on the severity
of the individual's clinical presentation because people with few upper respiratory
tract symptoms, such as cough, would have less risk of transmitting virions to another
individual.”® Thus, SAR-CoV-2 transmission can occur in the viral prodrome, pre-
symptomatic period, and asymptomatic period with varying levels of success, de-
pending on the environmental and behavioral factors of the infector and infectee.
The interval between initial exposure to SARS-CoV-2 and development of symptom-
atic infection is referred to as the incubation period. For SARS-CoV-2, the median
incubation period is estimated to be 5 days and ranges from 4-11 days."® This is
in contrast to the latency period—the period between initial exposure and onset
of the ability to transmit the virus.'* SARS-CoV-2's median latency period is approx-
imately 4 days'® and ranges from 1-24 days."* The temporal discrepancies between
the latent and incubation intervals partially contribute to the difficulty in disrupting
pre-symptomatic transmission. Given the variability of SARS-CoV-2's latency period,
the serial interval is one useful measure for characterizing the rate of SARS-CoV-2
spread. The serial interval refers to the empirical estimate of the time from illness
onset in the infector to illness onset in the infectee. The serial interval is a non-fixed
range that could shorten based on implementation of non-pharmaceutical interven-
tions, such as contact tracing and case isolation.'® The mean serial interval for SARS-
CoV-2 is estimated to be 4 days early during the pandemic'’ and around 5 days re-
ported in a more recent meta-analysis;'® this estimate is essential for understanding
the timing between case generation and the overall infectivity of the pathogen.'*
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The serial interval distribution can be used as a proxy for non-observable generation
intervals to further estimate other epidemiological parameters, such as the basic
reproduction number (Ro) and the infectiousness of the pathogen.'®'” The incongru-
ence between the serial interval and generation intervals means that, depending on
which time interval is used in modeling, Rg can be over- or underestimated. Figure 1
outlines the clinical course of infectiousness and transmission between two individ-
uals infected with SARS-CoV-2.

Another important concept for understanding the literature on COVID-19 is the
idea of diagnostic test performance. In medical diagnosis, test sensitivity is the
ability of a test to correctly identify those with the disease (true positive rate),
whereas test specificity is the ability of the test to correctly identify those without
the disease (true negative rate). Positive predictive value (PPV) is the probability
that a person with a positive test result is a true positive (has disease), whereas
the negative predictive value (NPV) is the probability that a person with a negative
test result is a true negative (does not have disease).”” Sensitivity and specificity
are characteristics of the test, whereas the PPV and NPV depend on disease prev-
alence in the population. There are tradeoffs between test performance and imple-
mentation in SARS-CoV-2 diagnostics. Reverse-transcriptase polymerase chain re-
action (RT-PCR), the current standard test for diagnosing and screening COVID-19,
is highly sensitive and highly specific. One disadvantage of RT-PCR testing is that it
can remain positive for much longer than the period that the person is infectious
because it detects viral RNA (including prolonged shedding) rather than live vi-
rus.”’ Because of the delays and long turnaround times of RT-PCR testing, which
can take up to or more than 2 days, rapid antigen testing has been touted as an
alternative globally even though it is less sensitive and less specific.”? Rapid anti-
gen tests generally have lower sensitivity than RT-PCR but very high sensitivity for
days with transmissible viral load.”” Frequent antigen testing has been suggested
to quickly identify infected people who are more at risk for contagious spread.*
Additionally, rapid antigen testing has been suggested in geographic areas with
unmet RT-PCR clinical testing demand. A caveat to low-sensitivity tests is that peo-
ple who test false negative might incorrectly think they do not have disease and
may not take proper preventative measures when they may actually have the dis-
ease. Thus, a negative rapid antigen test result with accompanying symptoms war-
rants further RT-PCR testing.??

Finally, when assessing case numbers, it is important to consider the types of tests
being offered because these can affect who is eligible to be included as a case. Tests
can be used for clinical and surveillance purposes and have fundamental differences.
Clinical tests are generally reserved for symptomatic people and require high sensi-
tivity to provide a definitive clinical diagnosis with less testing. Surveillance tests are
conducted on a routine basis for testing individuals in a population who may or may
not have COVID-19 symptoms and are used to understand the current incidence of
disease in a population. Given the importance of clinical testing for management of
disease, the willingness to pay for a test with a higher test sensitivity may be greater.
Clinical testing is therefore typically done using RT-PCR. Mass population screening,
on the other hand, may only be achievable with rapid antigen testing. In this
instance, we may be willing to accept a lower test sensitivity at a lower cost to include
mass access. To reduce community spread, testing regimens that will capture the
most infections while they are still infectious are needed, such as rapid antigen
tests.”” One disadvantage of mass tests is the increased amount of false positives
(low PPV and high NPV) in the context of low disease prevalence, such as in
COVID-19.7
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INFECTIOUS DISEASE MODELING

Because infectious disease can be transmitted, mathematical models need to take
into account the spread of disease between individuals. There is an abundance of
COVID-19 literature based on mathematical modeling, and clinicians may not be
familiar with the terminology required to understand these models. We briefly
describe the important parameters in infectious disease modeling. Rq is the number
of cases produced, on average, by an infected individual where all contacts are
potentially susceptible. This measure is usually used in the early stages of the
epidemic, prior to the population gaining immunity or non-pharmaceutical interven-
tions being implemented in the population. Ry describes the contagiousness and
transmissibility of pathogens and is a function of contact rates among individuals,
transmission probability, and number of infective individuals. Thus, R estimates
are not determined exclusively by the pathogen, and variability in Ry depends on
local sociobehavioral and environmental settings. Ro for COVID-19 is currently esti-
mated to be 2.63 and ranges from 0.4-4.6, but other studies have estimated Rg to
range as high as 5 or 6."%%°

Another important measure is the time-varying effective reproduction number
(R, Re, or Ry). This measure is the number of people in a population who can be
infected by an individual at any specific time; it reflects the changing levels of im-
munity in the population and the effect of control measures limiting transmission.?®
Ro and R are population averages, and some individuals may infect more people
than others. This individual-level variability depends on overdispersion parameter
(K). K affects the distribution of the number of secondary transmissions, and a high
K creates superspreading events, where one individual infects most of the second-
ary cases, and the pathogen is more likely to spread in clusters. Evidence has
slowly emerged that K is an important driver of the COVID-19 pandemic because
the disease is an overdispersed pathogen that causes large outbreaks to occur and
spread faster.”’-”? One of the key targets of modeling papers for COVID-19 has
been an assessment of herd immunity. Herd immunity is the idea that there is a
threshold of infection within a population where the fraction of susceptible individ-
uals is too few to continue productive infection. Herd immunity depends on prop-
erties unique to the pathogen, such as Ro. In general, pathogens with higher Ry,
which have greater transmissibility and are more infectious, need a larger propor-
tion of the population to be immune to achieve herd immunity. With establishment
of herd immunity, spread of infection is limited, and there is now a benefit of
reduced viral transmission to the remaining proportion of the population that
has no immunity. Assuming an Rq of 3, models suggest establishment of herd im-
munity when approximately 67% of individuals in a population have immunity
to the virus.” This estimate, however, assumes that all individuals have an equal
probability of infectiousness and susceptibility. The overdispersed nature of
SARS-CoV-2 would lower the number of individuals needed to be immune to
establish herd immunity.?’

EVALUATING LITERATURE

Epidemiologic studies include not only descriptive studies of infectious disease
cases or characteristics but also assessments of treatments, vaccines, or other
preventive interventions for reducing morbidity and mortality from a disease.
Epidemiologic studies, especially those conducted using observational data, can
be complicated and require specialized knowledge to conduct and evaluate. Here
we elucidate some of the most common issues that can arise in these studies to
help clinicians understand and evaluate the COVID-19 literature.
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Box 1. RCT example
In this case study, we describe the sources of bias in the RCTs of the use of combined Hydroxychlor-
oquine (HCQ) and azithromycin (AZ).

A French open-label randomized trial®* reported a 50-fold benefit of the HCQ and AZ treatment
compared to standard care. However, this odds ratio is likely to be inflated given the study’s small
sample size of 42 across 3 subgroups. The lack of confidence interval with this underpowered effect
estimate makes it particularly difficult to evaluate this finding.

Another trial*® used a large sample size of 412 symptomatic outpatients as the treatment group, yet
224 patients who refused treatment were used as controls in the study. This likely introduces con-
founding, since patients who refused the treatment are likely to have different baseline and disease
characteristics compared to cases. This Brazilian study focused only on suspected outpatient
COVID-19 cases with milder symptoms, thus lacking generalizability to confirmed or severe disease
patients

Source: adapted from Fox et al.”

A simple starting point for evaluating research papers is to use an existing quality
evaluation tool. For observational epidemiology studies that are designed to assess
preventive or treatment interventions, we recommend the ROBINS-| toolset, which
provides a framework to assess risk of bias in clinical studies.?® For randomized trials,
we recommend the similar ROB-2 tool from the same group.®' These tools first
specify the research question and its relevance based on existing literature. For
many COVID-19 interventions of interest, biological rationale is established by look-
ing at similar studies, including other coronaviruses, infectious diseases like influ-
enza, and/or use of the intervention for other inflammatory conditions or diseases.
These tools assess seven biases that assess confounding and selection bias at pre-
intervention, misclassification bias at intervention and any deviation from interven-
tion, missing data, measurement, and publication or selective reporting bias after
intervention.”” Confounding measures the effect of an exposure on an outcome
based on an association of exposure with other factors that influence the occurrence
of the outcome. Confounding bias can be evident when confounding factors are not
considered or not properly accounted for in the study (Box 1). Selection bias refers to
distortions in the effect of outcome and exposure based on the procedures used to
select individuals in the study, shown in a large cohort study (Box 2). Measurement
bias refers to systematic error arising from inaccurate measurement of subjects on
study variable(s). Similarly, misclassification bias occurs when the exposure or
outcome is classified incorrectly in studies. Misclassification can introduce differen-
tial bias when the probability of misclassification is different for those with and
without disease or among all groups. Conversely, non-differential misclassification
bias is the same probability of misclassification among all groups and can distort
measures of association. In general, differential misclassification can bias the mea-
sure of association toward or away from the null, and non-differential misclassifica-
tion biases toward the null. With COVID-19, measures of misclassification have
mainly revolved around test performance, such as sensitivity and specificity, outlined
in Key Terms and Concepts. For example, the number of positive tests confirmed
from Quidel’s rapid SARS-CoV-2 antigen test performed on students at the Univer-
sity of Arizona would be different, as a result of lower test sensitivity and specificity,
in comparison with the number of positive tests at other universities where RT-PCR
testing was performed (https://www.nytimes.com/2020/11/02/health/coronavirus-
testing-quidel-sofia.html). Last, publication bias or selective reporting bias is the
tendency to submit and publish “positive” novel results that reaffirm hypothetical as-
sumptions rather than results that are not statistically significant or “positive.” This
bias distorts available scientific literature and downstream meta-analysis studies.
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Box 2. Cohort study example

The openSAFELY retrospective cohort study®’ explored factors associated with COVID-19 mortal-
ity in the UK population. Strengths of this study are its use of NHS electronic health records, the
large sample size (17,278,392), and depicted temporal association of increased risk of COVID-19

death with characteristics such as increased age, poor socioeconomic status, and ethnic minorities.
The cohort study design allows calculation for the overall cumulative incidence of COVID-19-
related death from less than 0.01% in individuals aged 18-39 years to .67% and 0.44% in men
and women 80 years and older. The hazards/Kaplan-Meir model presents hazard ratios for many
other risk factors for COVID-19-related mortality. However, the study does not provide any expla-
nation of whether these characteristics are related to increased susceptibility of disease or other
relationships among these risk factors.

The reader may incorrectly interpret all coefficients in the model as if they are causal, known as
table 2 fallacy. Factors could have confounding or effect modification between an exposure and
an outcome, no effect, or other secondary effects not directly attributed to the outcome of interest.
For example, age and sex may not be causally related to disease, but are adjusted for in many
epidemiological models. Causal questions, such as risk factors for disease, require causal methods.

The cohort study had 1,961,269 population records with less than one year of follow-up and
142,641 with missing demographic information excluded from the study population. Missing re-
cords and differential loss of follow-up can introduce selection bias in the analyzed sample. There
could also be missing data on possible confounding factors.

Additionally, the study included suspected cases of COVID-19 that were not laboratory confirmed
by testing especially in older patients in care homes. These classified cases would introduce error in
the study’s measurement of the outcome or misclassification bias.

Source: adapted from Tennant and Murray®

All of the aforementioned biases contribute to the internal validity of the study in
determining whether the knowledge gained outweighs the potential biases. When
internal validity is established, external validity should be considered. The two com-
ponents of external validity are generalizability, which describes how well study re-
sults apply to a broader group or situation, and transportability, which describes how
well study results apply to other settings including other countries. A study that lacks
external validity fails generalizability to other COVID-19 cases having data sampled
only from suspected outpatients with milder symptoms (Box 1).? Early COVID-19
trials often had limited transportability because there were few international site
collaborations;** however, a more recent remdesivir study had 60 trial sites in 10

different countries.*

The types of biases assessed by the ROB-2 and ROBINS-I tools can occur in all types
of studies, but each type of study design has particular challenges. We briefly review
these with examples.

Randomized clinical trials (RCTs) are conducted with subjects allocated randomly
into treatment and control/placebo groups. This randomization process guarantees
no confounding bias at baseline for treatment assignment. Placebo groups are
generally provided an inert medication with no pharmacological effects to give an
individual the perception that they are receiving treatment or assistance for their
complaints. RCTs are typically analyzed based on intention-to-treatment effect
considering the initial randomization treatment, regardless which treatment was
actually received.?” Non-adherence to treatment has a negative effect on the magni-
tude of estimation for intention-to-treatment effect and can lead to underestimated
drug efficacy or safety. When trials have non-adherence, an alternative is to calculate
the per-protocol effect. The per-protocol effect is not affected by adherence
because it excludes individuals who did not follow the treatment regimen,
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disregarding randomization, leading to introduced biases; estimating this effect
without bias is complex and requires special statistical tools.® Aside from the biases
listed above, another challenge for randomized trials is that a study with a small sam-
ple size can provide weak evidence or power to determine significant effects or type
Il errors.

Many early COVID-19 clinical trials in the early spring of 2020 (Box 1) were non-ran-
domized, single-arm, and open-label trials that lacked transportability.>* Single-arm
trials, such as a case series, have no placebo or control group, making it harder to
determine true drug efficacy, safety, and toxicity. Lack of randomization in assign-
ment of treatments can lead to confounding in the characteristics of each group.
Often during emerging infectious diseases outbreaks, these types of studies are a
result of open-label compassionate use of drugs in clinical setting to provide
some therapeutic interventions against a new disease that does not have approved
or proven treatments.”’ However, these types of studies may conversely hurt
affected individuals and society more than help because they may promote use of
therapeutics without reliable evaluation of efficacy. Open-label trials have no mask-
ing or blinding, and the doctor and affected individual know which treatment is be-
ing provided, possibly leading to reporting or selection bias. Clinicians may be influ-
enced in recording data when the affected individual is known to have received
treatment and may ask more questions about adverse effects. Additionally, the peo-
ple in these studies, who know they were given the experimental treatment, may
report fewer disease symptoms. Ideally, most trials have double blinding, where
study participants and clinicians have details withheld regarding intervention to
prevent biases to the study, but it is difficult to enforce this for procedure-based
or surgical interventions.

When a treatment or exposure cannot be delivered randomly, an alternative study
design is the cohort study. Cohort studies do not involve any intervention, usually
following a designated study population over time with comparison of incidence
rates in groups that differ in exposure levels. In addition to the biases described
above, cohort studies can be subject to problems related to missing data and the
table 2 fallacy. The table 2 fallacy occurs when all factors adjusted for in a model
are interpreted as causal of the outcome but may not have direct causal effects
attributed to the outcome of interest. An example of this is shown in a large cohort
study factors related to COVID-associated death (Box 2).°8 Characteristics described
in the model require causal methods to explore whether different characteristics
lead to altered risk of death.

A second type of observational study design is the case-control design. Case-control
studies involve comparing cases with a suitable control group of individuals without
the disease. These studies are good for studying rare outcomes and risk factors for
disease but have some particular challenges. The most important methodological
challenge for case-control studies is use of a reasonable control group. Controls
should be selected in a way that is independent of their exposure or treatment status
and should include individuals who would be eligible to be cases in the study if they
had developed the disease of interest. Ideally, the cases and controls should have
similar baseline characteristics to minimize potential biases. Another potential bias
thatis common in case-control studies is recall bias. This can occur when participants
have trouble remembering details pertinent to the study, especially when cases and
controls remember different levels of details. Finally, it is important to remember
that case-control studies cannot typically be used to estimate the frequency of dis-
ease occurrence. For example, in a study exploring serum antibodies in SARS-CoV-2
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Box 3. Ecological study example

In a recent Washington post article, data from Carnegie Mellon’s COVIDcast depicted a negative
correlation between percent of people who know someone with COVID-19 symptoms and wearing
masks in public. This ecological study was easy and inexpensive to perform by sampling from adults
using Facebook. While the authors of this review do not disagree with mask wearing, the observed
correlation can only provide “hypothesis-generating” questions and no evidence for causality. In
the article, Dr. Reinhart correctly states that there can be many alternate explanations for the
observed pattern such as the possibility that states with worse outbreaks in earlier spring could
have higher mask usage later in the year; meaning thus temporality cannot be established. Addi-
tionally, the observed association in the graph at the state level can be erroneously interpreted to
exist at the individual level, also known as ecological fallacy. At the state aggregate level, many
other factors may have a role in this observed association such as adherence to other COVID-19
protection measures or potential confounders like age or population structure. The COVIDcast
team did attempt to adjust for population structure by weighting the responses from Census
Bureau demographic data.

Source: adapted from https://www.washingtonpost.com/business/2020/10/23/pandemic-data-
chart-masks/#Epitwitter

cases and controls, the relative risk and incidence of SARS-CoV-2 in the population
cannot be estimated because the number of cases and controls are pre-selected in
case-control studies.””

Another common type of observational study is the cross-sectional study. Cross-
sectional studies examine relationships between diseases and other variables of
interest in a defined population at a particular time. The main challenge for cross-
sectional studies is that temporality of cause and effect or causality generally cannot
be established because prevalence, the measure of disease occurrence at a
particular time, is reported rather than the period incidence reported in other types
of studies where people are followed over time.

Finally, ecological studies have been common in assessing COVID-19. Ecological
studies are less resource intensive than other studies, making them popular for
exploratory analyses or hypothesis generation. Ecological studies are distinct from
other observational studies because they use populations rather than individuals
as units of analysis. This population focus makes them a useful tool for evaluating
the effects of group-level exposure, such as policies (Box 3). However, these studies
are particularly prone to bias and should be interpreted with caution. Many
ecological studies are cross-sectional and, thus, prone to the same problems as
cross-sectional studies for evaluating cause and effect. In addition, ecological
studies are often used inappropriately to hypothesize about individual-level
exposure-outcome relationships. However, these studies generally cannot be
used in this way—doing so risks the ecological fallacy; however, ecological studies
can play an important role when group-level processes are of interest. The converse
of the ecological fallacy is known as the aggregation fallacy—erroneous inference
observed at an individual level in non-ecological studies is applied to the group
level.

CONCLUSIONS

A greater understanding of the emerging SARS-CoV-2 epidemiological literature is
essential to inform clinical practice and improve outcomes. This review aimed to
clarify the terms and types of studies commonly used in infectious disease epidemi-
ology. Clinicians need familiarity with basic epidemiological concepts to critically
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appraise the large influx of COVID-19 studies and be proficient in the vocabulary
necessary to contribute to the COVID-19 evidence base.
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