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Abstract
Background: Since it was declared a pandemic on March 11, 2020, COVID-19 has dominated headlines around the world and
researchers have generated thousands of scientific articles about the disease. The fast speed of publication has challenged researchers
and other stakeholders to keep up with the volume of published articles. To search the literature effectively, researchers use
databases such as PubMed.
Objective: The aim of this study is to evaluate the performance of different searches for COVID-19 records in PubMed and to
assess the complexity of searches required.
Methods: We tested PubMed searches for COVID-19 to identify which search string performed best according to standard
metrics (sensitivity, precision, and F-score). We evaluated the performance of 8 different searches in PubMed during the first 10
weeks of the COVID-19 pandemic to investigate how complex a search string is needed. We also tested omitting hyphens and
space characters as well as applying quotation marks.
Results: The two most comprehensive search strings combining several free-text and indexed search terms performed best in
terms of sensitivity (98.4%/98.7%) and F-score (96.5%/95.7%), but the single-term search COVID-19 performed best in terms
of precision (95.3%) and well in terms of sensitivity (94.4%) and F-score (94.8%). The term Wuhan virus performed the worst:
7.7% for sensitivity, 78.1% for precision, and 14.0% for F-score. We found that deleting a hyphen or space character could omit
a substantial number of records, especially when searching with SARS-CoV-2 as a single term.
Conclusions: Comprehensive search strings combining free-text and indexed search terms performed better than single-term
searches in PubMed, but not by a large margin compared to the single term COVID-19. For everyday searches, certain single-term
searches that are entered correctly are probably sufficient, whereas more comprehensive searches should be used for systematic
reviews. Still, we suggest additional measures that the US National Library of Medicine could take to support all PubMed users
in searching the COVID-19 literature.
(J Med Internet Res 2020;22(11):e23449) doi: 10.2196/23449
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Introduction
Since it was declared a pandemic on March 11, 2020,
COVID-19 has dominated headlines around the world and
generated thousands of scientific articles [1]. The fast speed of
publication has challenged researchers and other stakeholders
to keep up with the volume of published articles on the topic
[2]. To search the literature, researchers and others use databases
of peer-reviewed scientific articles. These databases require
indexing and curation of articles, which is a time-consuming
task; however, the investment in curated databases aims to
establish reliable and more efficient article searching [3].
PubMed is the database of choice for many clinicians and
researchers due to its ease of use, reputation, large number of
indexed journals, and free access [4]. It is maintained by the
US National Library of Medicine (NLM) [4-6]. PubMed
provides subject filters to facilitate searching specific topics but
as they are only reviewed once a year, it is unknown if a
COVID-19 subject filter is under consideration [7]. However,
at the beginning of the pandemic, NLM introduced a one-click
search option on their dedicated website for
COVID-19/SARS-CoV-2 [8]. By clicking on a button, PubMed
users can quickly apply a ready-made search to identify
potentially relevant COVID-19 records in PubMed. Searching
structured databases like PubMed is generally considered to be
most skillfully executed by employing both Medical Subject
Headings (MeSH) and free-text terms [9-11]. However,
conducting systematic, comprehensive, and transparent searches
takes time and skill [12-14]. Thus, PubMed’s one-click search
is potentially a valuable shortcut for users worldwide dealing
with the COVID-19 pandemic.
A recent survey showed that authors of systematic reviews have
different perspectives on what constitutes an “effective”
literature search [15]. Based on the survey, Cooper et al [15]
note that review authors “appeared to locate effectiveness within
a binary classification between types of review which are either
comprehensive or non-comprehensive.” In short, their article
indicates that those valuing comprehensive literature searches
tend to be literature searchers (eg, information specialists or
librarians) who emphasize sensitivity as an evaluation metric
for effectiveness and highlight Cochrane-style systematic
reviews, with their ambition to identify all available evidence
as an ideal. On the other hand, researchers and health
professionals screening the literature tend to emphasize less
comprehensive searching and value precision as an evaluation
metric. In addition, they care about outcomes like the workload,
time, and resources that are needed to handle identified records.
However, most PubMed users only browse the first 20 records
of their search results and refine their searches to make the
number of hits manageable [3]. For such reasons, the NLM also
has an algorithm that is designed to sort search results according
to their relevance via the Best Match sorting option [16] and
offers one-click filters (eg, publication date and article type).
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These user behaviors and options reflect a different view on
literature searches than those voiced by users conducting formal
literature reviews [15]. This might be because PubMed users
also consist of clinicians, health professionals, and other decision
makers that search the literature not to conduct reviews but with
other types of evidence use in mind.
No matter one’s perspective, the effectiveness of any literature
search depends on the semantic variability related to the question
that the search is to inform. When a research topic is in flux,
establishing common terminology is crucial to identify relevant
records. A retrospective study of searching PubMed during the
first 10 weeks of the 2009 H1N1 influenza pandemic showed
that inconsistent disease naming and a lag in indexing increased
the risk of missing relevant studies when searching the scientific
literature during the 2009 pandemic [17]. The authors of the
study recommended that, at the start of a pandemic, “the
international scientific community should agree on nomenclature
and the specific name to be used earlier, and the U.S. National
Library of Medicine and other database providers should
incorporate that in their indexing of all relevant articles” [17].
Regarding the COVID-19 pandemic, the naming of the disease
occurred relatively early. On February 11, 2020, the
International Committee on Taxonomy of Viruses officially
named the novel coronavirus SARS-CoV-2 and the World
Health Organization (WHO) named the disease COVID-19
[18]. However, article authors still use several other terms for
the virus and the disease, such as simply “coronavirus” and,
earlier, “Wuhan coronavirus” or “Wuhan virus.”
In this study, we aimed to evaluate the performance of different
searches for COVID-19 records in PubMed and to assess the
complexity of searches that was required. Therefore, we
compared the performance of PubMed’s one-click search option
with both simpler and more complex search strings for the first
10 weeks of the COVID-19 pandemic. We also examined the
deletion of hyphens or spaces as well as quotation marks from
the simple searches to mimic potential user errors or preferences,
such as variant spellings of words and the tendency to use only
simple keyword searches [19]. Finally, we discuss the searches
in relation to the varying perspectives on search effectiveness
outlined above to make recommendations on how NLM can
improve PubMed.

Methods
General Methodology
We constructed a comprehensive COVID-19 search string and
compared it to seven other related search strings (Table 1). We
queried PubMed for each of these different searches and
calculated their sensitivity, precision, and F-score using a
COVID-19 database (LitCovid) maintained and curated by an
NLM branch as a gold standard [20]. We then used these
calculated values to compare the performance of the different
search strings.
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Table 1. Search strings and translations of the different searches.
Search title

Entered search

Our comprehensive
search (Search 1)

(“COVID-19”[nm] OR “COVID-19 diagnostic testing”[nm] OR
None
“COVID-19 drug treatment”[nm] OR “COVID-19 serotherapy”[nm]
OR “COVID-19 vaccine”[nm] OR “severe acute respiratory syndrome
coronavirus 2”[nm] OR 2019-ncov*[tiab] OR 2019ncov*[tiab] OR 2019novel-cov*[tiab] OR coronavirus[ti] OR coronavirus-2*[tiab] OR coronavirus-disease-19*[tiab] OR corona-virus-disease-19*[tiab] OR coronavirus-disease-20*[tiab] OR corona-virus-disease-20*[tiab] OR covid19*[tiab] OR covid19*[tiab] OR covid-20*[tiab] OR covid20*[tiab] OR
ncov-2019*[tiab] OR ncov2019*[tiab] OR new-coronavirus[tiab] OR
new-corona-virus[tiab] OR novel-coronavirus[tiab] OR novel-coronavirus[tiab] OR sars-2*[tiab] OR sars2*[tiab] OR sars-cov-19*[tiab] OR
sars-cov19*[tiab] OR sarscov19*[tiab] OR sarscov-19*[tiab] OR sarscov-2*[tiab] OR sars-cov2*[tiab] OR sarscov2*[tiab] OR sarscov-2*[tiab]
OR ((“Coronavirus”[mh] OR “Coronavirus Infections”[mh] OR betacoronavirus[tiab] OR beta-coronavirus[tiab] OR beta-corona-virus[tiab] OR
corona-virus[tiab] OR coronavirus[tiab] OR sars*[tiab] OR severe-acuterespiratory*[tiab]) AND (2019[tiab] OR 2020[tiab] OR wuhan*[tiab]
OR hubei*[tiab] OR china*[tiab] OR chinese*[tiab] OR outbreak*[tiab]
OR epidemic*[tiab] OR pandemic*[tiab]))) AND 2019/12:3000[dp]

Shokraneh’s [21] comprehensive search
(Search 2)

((((((((((((((((((((((“Betacoronavirus”[MeSH Terms] OR “Coronavirus None
Infections”[MeSH Terms]) OR “COVID-19”[Supplementary Concept])
OR “Coronavirus”[MeSH Terms]) OR “Severe Acute Respiratory Syndrome Coronavirus 2”[Supplementary Concept]) OR “2019nCoV”[All
Fields]) OR “betacoronavirus*”[All Fields]) OR “corona virus*”[All
Fields]) OR “coronavirus*”[All Fields]) OR “coronovirus*”[All Fields])
OR “CoV”[All Fields]) OR “CoV2”[All Fields]) OR “COVID”[All
Fields]) OR ((“COVID-19”[Supplementary Concept] OR “COVID19”[All Fields]) OR “covid19”[All Fields])) OR (((((((“COVID-19”[All
Fields] OR “covid 2019”[All Fields]) OR “Severe Acute Respiratory
Syndrome Coronavirus 2”[Supplementary Concept]) OR “Severe Acute
Respiratory Syndrome Coronavirus 2”[All Fields]) OR “2019 ncov”[All
Fields]) OR “SARS CoV 2”[All Fields]) OR “2019nCoV”[All Fields])
OR ((“wuhan”[All Fields] AND (“Coronavirus”[MeSH Terms] OR
“Coronavirus”[All Fields])) AND (2019/12/1:2019/12/31[Date - Publication] OR 2020/1/1:2020/12/31[Date - Publication])))) OR “HCoV19”[All Fields]) OR “nCoV”[All Fields]) OR “SARS CoV 2”[All Fields])
OR “SARS2”[All Fields]) OR “SARSCoV”[All Fields]) OR ((((“sars
virus”[MeSH Terms] OR (“sars”[All Fields] AND “virus”[All Fields]))
OR “sars virus”[All Fields]) OR (“sars”[All Fields] AND “CoV”[All
Fields])) OR “sars cov”[All Fields])) OR ((“Severe Acute Respiratory
Syndrome Coronavirus 2”[Supplementary Concept] OR “Severe Acute
Respiratory Syndrome Coronavirus 2”[All Fields]) OR “SARS CoV
2”[All Fields])) OR “severe acute respiratory syndrome cov*”[All Fields])
AND (2019/11/17:3000/12/31[Date - Entry] OR
2019/11/17:3000/12/31[Date - Publication])
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Search title

Entered search

Translation in PubMed

One-click search
(Search 3)

((wuhan[All Fields] AND (“coronavirus”[MeSH Terms] OR “coronavirus”[All Fields])) AND 2019/12[PDAT] : 2030[PDAT]) OR 2019nCoV[All Fields] OR 2019nCoV[All Fields] OR COVID-19[All Fields]
OR SARS-CoV-2[All Fields]

(((((“wuhan”[All Fields] AND (“coronavirus”[MeSH Terms] OR “coronavirus”[All
Fields])) AND 2019/12/1:2030/12/31[Date Publication]) OR ((“severe acute respiratory syndrome coronavirus 2”[Supplementary Concept]
OR “severe acute respiratory syndrome coronavirus 2”[All Fields]) OR “2019 ncov”[All
Fields])) OR “2019nCoV”[All Fields]) OR
(((((((“covid 19”[All Fields] OR “covid 2019”[All
Fields]) OR “severe acute respiratory syndrome
coronavirus 2”[Supplementary Concept]) OR
“severe acute respiratory syndrome coronavirus
2”[All Fields]) OR “2019 ncov”[All Fields]) OR
“sars cov 2”[All Fields]) OR “2019nCoV”[All
Fields]) OR ((“wuhan”[All Fields] AND (“coronavirus”[MeSH Terms] OR “coronavirus”[All
Fields])) AND (2019/12/1:2019/12/31[Date Publication] OR 2020/1/1:2020/12/31[Date Publication])))) OR ((“severe acute respiratory
syndrome coronavirus 2”[Supplementary Concept]
OR “severe acute respiratory syndrome coronavirus 2”[All Fields]) OR “sars cov 2”[All Fields])

Single-term search for
COVID-19 (Search 4)

COVID-19

“COVID-19”[All Fields] OR “COVID-2019”[All
Fields] OR “severe acute respiratory syndrome
coronavirus 2”[Supplementary Concept] OR “severe acute respiratory syndrome coronavirus
2”[All Fields] OR “2019-nCoV”[All Fields] OR
“SARS-CoV-2”[All Fields] OR “2019nCoV”[All
Fields] OR ((“Wuhan”[All Fields] AND (“coronavirus”[MeSH Terms] OR “coronavirus”[All
Fields])) AND (2019/12[PDAT] OR
2020[PDAT]))

Single-term search for
SARS-CoV-2

SARS-CoV-2

“severe acute respiratory syndrome coronavirus
2”[Supplementary Concept] OR “severe acute
respiratory syndrome coronavirus 2”[All Fields]
OR “sars cov 2”[All Fields]

(Search 5)
Single-term search for Coronavirus
Coronavirus (Search 6)

“coronavirus”[MeSH Terms] OR “coronavirus”[All Fields] OR “coronaviruses”[All
Fields]

Single-term search for
Wuhan coronavirus
(Search 7)

“severe acute respiratory syndrome coronavirus
2”[Supplementary Concept] OR “severe acute
respiratory syndrome coronavirus 2”[All Fields]
OR “wuhan coronavirus”[All Fields]

Wuhan coronavirus

Single-term search for Wuhan virus
Wuhan virus (Search 8)

Constructing a Comprehensive Search String
A comprehensive search string (Search 1) was initially
developed by ON, LNR, and THA to monitor newly published
COVID-19–related studies as part of their work at the Danish
Diabetes Knowledge Center. Subsequently, the search string
was revised based on the authors’ subject knowledge, analyses
of free-text words and MeSH terms conducted in PubReMiner
[22], and search strings developed by information specialists
that were made publicly available (eg, by the Medical Library
Association and different university libraries). Several versions
were tested and reiterated before the final version was reached
[14]. The final search string was then reviewed by AP and JVL.
http://www.jmir.org/2020/11/e23449/
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(“Wuhan”[All Fields] AND ((((((“virology”[MeSH Subheading] OR “virology”[All
Fields]) OR “viruses”[All Fields]) OR “viruses”[MeSH Terms]) OR “virus s”[All Fields]) OR
“viruse”[All Fields]) OR “virus”[All Fields]))

Comparing Search Strings
In addition to Search 1, we conducted Searches 2 through 8,
which included an additional comprehensive search developed
by Shokraneh (Search 2) [21], the one-click search option
developed by NLM (Search 3), as well as five common terms
used to search PubMed for COVID-19–related records (Searches
4-8), to compare different comprehensive searches and compare
the comprehensive searches to the simple PubMed queries [21]
(Table 1). The automatic term-mapping feature in PubMed
translates some of these basic queries to more comprehensive
search strings that include synonyms and MeSH terms, as shown
in Table 1. We observed that the COVID-19 translation does
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not seem to follow the standard mapping process for automatic
term mappings [23].

Simulating Historical Weekly Searches
We searched from March 11 to May 19, 2020, spanning a total
of 10 weeks, or 70 days, from when the WHO declared
COVID-19 a pandemic. We limited the searches to find only
records registered in PubMed during each of the 10 weeks
(Wednesday through Tuesday for each week). For each of the
eight searches, we recorded and analyzed the weekly number
of records by using the date of the records’ entry to the PubMed
database (EDAT field in PubMed). All searches were conducted
in the current standard version of PubMed on June 26, 2020.

Analysis of the Searches
We compared the evaluation metrics sensitivity, precision, and
F-score for each search. Sensitivity is a measure of search
effectiveness and is defined as the number of relevant records
in the gold standard data set identified by the search (true
positives) over all relevant records in the gold standard data set
(true positives and false negatives) [24]. Sensitivity is also
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known as recall; however, to describe literature search
effectiveness, the term sensitivity is widely used (eg, by NLM
when reporting the effectiveness of PubMed Clinical Queries
Filters) [24,25]. Precision is a measure of search efficiency and
is defined as the number of relevant records identified by the
search (true positives) over the total number of identified records
(true positives and false positives). Finally, the F-score is defined
as the harmonic mean of the sensitivity and the precision (Table
2). We used the LitCovid database as the gold standard to
compare the PubMed searches against [20]. This database
contains COVID-19–related records solely from PubMed and
is curated by the NLM based on daily broad PubMed searches.
As we do not know which records were deemed not relevant
by the NLM, we do not know the number of true negatives.
Thus, it was not possible to reliably calculate other relevant
metrics, such as the specificity and accuracy of the evaluated
search strings. For the calculations of the evaluation metrics,
the searches were rerun, limiting the dates from January 17,
2020 (the earliest date of any record in LitCovid), to May 19,
2020 (the end of the study period). For this period, the LitCovid
database contains 14,018 records.

Table 2. Descriptions and calculations of metrics.

a

Metric

Description

Calculationa

Sensitivity

The probability that the search identified a record as relevant given that the record is
relevant; also known as recall.

T+D+/(T+D++T–D+)

Precision

The probability that the record is relevant given that the record was identified as relevant; T+D+/(T+D++T+D–)
also known as positive predictive value (PPV). The number needed to read (NNR) can
also be calculated by 1/precision.

F-score

The harmonic mean of the sensitivity and precision.

2 × sensitivity × precision/(sensitivity +
precision)

We denote T+ as in the search string as compared to the LitCovid database, T– as not in the search string as compared to the LitCovid database, D+ as

present in the LitCovid database as compared to the search string, and D– as not present in the LitCovid database as compared to the search string.

Sensitivity to the Deletion or Addition of Hyphens,
Spaces, and Quotation Marks
Spelling mistakes have previously been documented to affect
PubMed results [26]. Further, users of PubMed may have
different writing style preferences and choose to apply or leave
out hyphens and spaces. To investigate the possible implications
of entering different versions of the search terms COVID-19
(Search 4) and SARS-CoV-2 (Search 5), we compared the
results after omitting a hyphen and/or a space (eg, COVID19,
COVID 19, COVID-19). We also assessed the implications of
surrounding search terms with quotation marks, assuming that
some users may do this to run a highly specific search (eg,
“COVID-19,” “COVID19,” “COVID 19”). The number of
identified records were documented for each version of the term.

Proportion of MEDLINE-Indexed Records
To investigate the potential use of the indexing that is done
when records are indexed in MEDLINE (ie, adding indexing
terms such as MeSH and Supplementary Concepts), we
calculated the proportion of records that had been
MEDLINE-indexed out of the total number of records present
in the LitCovid database by May 19, 2020. This was done by
querying PubMed twice to retrieve the first 9999 PubMed IDs
http://www.jmir.org/2020/11/e23449/
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in the LitCovid database, followed by a second query to retrieve
the remaining articles. We then looked at how many of the
retrieved records out of the total number of retrieved records
were tagged with the STAT – MEDLINE tag, indicating the
status of the record as indexed in the MEDLINE database.

Software Analysis and Reproducibility Statement
All analyses were run in R (Version 4.0.2; R Foundation for
Statistical Computing) and data were stored in text files when
downloaded from PubMed using the PubMed format option.
All search strings, code, and data to reproduce this analysis are
available [27].

Results
Overview
In total, over the 10-week period studied, we found 13,599
records with our comprehensive search (Search 1). The
Shokraneh search (Search 2; see Methods) found the largest
number of records (n=13,880). The one-click search (Search 3)
and the single-term search for COVID-19 (Search 4) yielded
the same results, with the third-highest number of records
(n=13,071). Next, the single-term search for Coronavirus
(Search 6) found 9087 records, which was the fifth-highest
J Med Internet Res 2020 | vol. 22 | iss. 11 | e23449 | p. 5
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
number, and the single-term search for SARS-CoV-2 (Search
5) found 7012 records, which was the sixth-highest number.
The Wuhan coronavirus search (Search 7) found 5412 records
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and the Wuhan virus search (Search 8) found 1013 records. The
number of records per week for each of the search strings is
shown in Figure 1.

Figure 1. Records found over time from March 11 to May 19, 2020. Search 3, the one-click search, is not visible on the graph as it matches the results
of the single-term search using COVID-19 (Search 4).

Evaluation of Search Strings
We found that the comprehensive searches (Searches 1 and 2)
had the highest sensitivities and F-scores compared to all other
searches. The searches for SARS-CoV-2 (Search 5) and Wuhan
coronavirus (Search 7) had the highest precision (Table 3). The
Wuhan virus search (Search 8) had the lowest sensitivity and
precision, but otherwise the precision was similar for all the
other searches. The difference in sensitivity of 4.0% between

our comprehensive search (Search 1) and the single-term search
for COVID-19 (Search 4) would translate to an average of 40
excess relevant records missed per 1000 articles identified when
comparing the two searches over multiple theoretical sets of
1000 relevant COVID-19 records. This equates to an average
of 43 excess relevant records missed if the single-term search
COVID-19 (Search 4) was compared against Shokraneh’s
comprehensive search (Search 2) over multiple theoretical sets
of 1000 relevant COVID-19 records.

Table 3. Metrics for the different strings as compared against the LitCovid gold standard.
Records (n)

Sensitivity (%)

Precision (%)

F-score (%)

Search 1: Our comprehensive search

13,599

98.4

94.6

96.5

Search 2: Shokraneh’s comprehensive search

13,880

98.7

92.7

95.7

Search 3: One-click search

13,071

94.4

95.3

94.8

Search 4: COVID-19

13,071

94.4

95.3

94.8

Search 5: SARS-CoV-2

7012

52.0

96.4

67.6

Search 6: Coronavirus

9087

67.2

93.4

78.3

Search 7: Wuhan coronavirus

5412

40.8

96.4

57.3

Search 8: Wuhan virus

1013

7.7

78.1

14.0

Sensitivity to Deleting Spaces and Hyphens and Adding
Quotation Marks
We observed that automatic term mapping was sensitive to the
deletion of hyphens and spaces, especially variations of
SARS-CoV-2 (Table 4). We also found a decrease in records
if a space or hyphen was removed from the search terms, such
http://www.jmir.org/2020/11/e23449/
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as COVID-19 versus COVID19 (13,071 versus 12,607).
Furthermore, when quotation marks were added (eg,
“COVID19”), the number of results fell to 11,716 records. Once
again, SARS-CoV-2 terms were more sensitive to variations
than COVID-19 terms.
The proportion of MEDLINE-indexed records out of the total
number of records added to the LitCovid database during the
J Med Internet Res 2020 | vol. 22 | iss. 11 | e23449 | p. 6
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studied time period was 49.0% when verified in PubMed on
July 5, 2020, for the PMIDs in the LitCovid data set from May
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19, 2020.

Table 4. Analysis of searches with and without hyphens, spaces, and quotation marks.
Term

Result

Translation

covid-19

13,071

(“COVID-19”[All Fields] OR “COVID-2019”[All Fields] OR “severe acute respiratory syndrome coronavirus
2”[Supplementary Concept] OR “severe acute respiratory syndrome coronavirus 2”[All Fields] OR “2019-nCoV”[All
Fields] OR “SARS-CoV-2”[All Fields] OR “2019nCoV”[All Fields] OR ((“Wuhan”[All Fields] AND (“coronavirus”[MeSH Terms] OR “coronavirus”[All Fields]))

covid 19

13,071

(“COVID-19”[All Fields] OR “COVID-2019”[All Fields] OR “severe acute respiratory syndrome coronavirus
2”[Supplementary Concept] OR “severe acute respiratory syndrome coronavirus 2”[All Fields] OR “2019-nCoV”[All
Fields] OR “SARS-CoV-2”[All Fields] OR “2019nCoV”[All Fields] OR ((“Wuhan”[All Fields] AND (“coronavirus”[MeSH Terms] OR “coronavirus”[All Fields]))

covid19

12,607

“COVID-19”[Supplementary Concept] OR “COVID-19”[All Fields] OR “covid19”[All Fields]

“covid-19”

12,548

“covid-19”[All Fields]

“covid 19”

12,548

“covid 19”[All Fields]

“covid19”

11,716

“covid19”[All Fields]

sars-cov-2

7055

“severe acute respiratory syndrome coronavirus 2”[Supplementary Concept] OR “severe acute respiratory syndrome
coronavirus 2”[All Fields] OR “sars cov 2”[All Fields]

sars cov 2

7055

“severe acute respiratory syndrome coronavirus 2”[Supplementary Concept] OR “severe acute respiratory syndrome
coronavirus 2”[All Fields] OR “sars cov 2”[All Fields]

sars-cov 2

7055

“severe acute respiratory syndrome coronavirus 2”[Supplementary Concept] OR “severe acute respiratory syndrome
coronavirus 2”[All Fields] OR “sars cov 2”[All Fields]

sars cov-2

7055

“severe acute respiratory syndrome coronavirus 2”[Supplementary Concept] OR “severe acute respiratory syndrome
coronavirus 2”[All Fields] OR “sars cov 2”[All Fields]

sarscov-2

17

sarscov-2[All Fields]

sarscov 2

3008

sarscov[All Fields] AND 2[All Fields]

sars-cov2

153

sars-cov2[All Fields]

sars cov2

219

sars[All Fields] AND cov2[All Fields]

sarscov2

3601

sarscov2[All Fields]

“sars-cov-2”

3587

“sars-cov-2”[All Fields]

“sars cov 2”

3587

“sars cov 2”[All Fields]

“sars-cov 2”

3587

“sars-cov 2”[All Fields]

“sars cov-2”

3587

“sars-cov-2”[All Fields]

“sarscov-2”

17

“sarscov-2”[All Fields]

“sarscov 2”

17

“sarscov 2”[All Fields]

“sars-cov2”

153

“sars-cov2”[All Fields]

“sars cov2”

153

“sars cov2”[All Fields]

“sarscov2”

3601

“sarscov2”[All Fields]

Discussion
In this study, we evaluated eight PubMed searches and examined
the differences between 24 alternative single-term searches with
and without hyphens, spaces, and quotation marks. We found
that the comprehensive search strings performed best in terms
of sensitivity and F-score, while the one-click and single-term
COVID-19 searches performed almost as well as the
comprehensive search in terms of sensitivity and as well as the
comprehensive search in terms of precision. The performance
of the single-term COVID-19 search is dependent on PubMed’s
term mapping that translates the single-term search into a more
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XSL• FO
RenderX

comprehensive search. Comparatively, searching with
SARS-CoV-2 as a single term while relying on the automatic
term-mapping feature of PubMed yielded worse results than
when searching with the single term COVID-19.
Using the LitCovid database, which covers both COVID-19
(the disease) and SARS-CoV-2 (the virus), as the gold standard
comparator might have skewed our results in favor of the
COVID-19 automatic term mapping. This is because the
mapping translates the single-term search for COVID-19 to
terms related to both the disease and the virus, whereas the
single-term search for SARS-CoV-2 is translated to terms related
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only to the virus and not the disease. This dual mapping does
have precedent; PubMed’s term mapping often maps the disease
terms both to the virus and the disease, whereas the virus terms
typically map only to the virus and not the disease.
The relatively early naming of the novel coronavirus, especially
the name “COVID-19,” set by the WHO, appears to have
facilitated both the widespread use of the COVID-19 term in
publications, as we found, and well-performing automatic term
mapping in PubMed. As such, the results presented in this study
highlight important progress in PubMed searching since the
2009 H1N1 influenza pandemic [17]. This progress could be
further improved by NLM extending the mapping of the term
COVID-19 to terms elucidated by evaluation of the two
comprehensive searches in our analyses.
The analyses are based on our choices of the simple search terms
we hypothesized users might enter. PubMed users might use
other terms, such as Wuhan Pneumonia or COVID-2019 [28].
Nonetheless, the terms chosen by us consistently illustrate the
differences between comprehensive and less comprehensive
searches, whether constructed by users or via PubMed’s
automatic term mapping. Another limitation is the fact that
MEDLINE indexing happens at different points in time after
the record has been added to the PubMed database. This may
result in different search results depending on the date of the
search. Dates for all search results used in this study have been
reported where appropriate. Finally, we have observed that the
one-click search option has been changed since we conducted
our analysis. Currently, the one-click search and the COVID-19
single-term search are identical. Thus, this has no implications
on the interpretation of our result and conclusion.
Our sensitivity analyses of hyphens, spaces, and quotation marks
also indicate room for improvement, especially when using
SARS-CoV-2 as a single term for searching. As different writing
style preferences and mistakes are unavoidable (eg, use of
hyphens and spaces), automatic term mapping would be
improved by being sensitive to this, just as it is sensitive to
British and American spelling [23]. Surrounding the search
term(s) with quotation marks forces an all-fields term or phrase
search for the exact term(s) entered and does not activate
automatic term mapping. This can markedly reduce the number
of potentially relevant records in the search result as compared
with a similar search based on a search string generated by
automatic term mapping. The ability to turn off the automatic
term mapping by adding quotation marks is not something that
needs to be changed as it is a feature in PubMed. However,
PubMed users need to be aware that adding quotation marks
lowers sensitivity. In addition, the sensitivity analyses should
motivate NLM to consider whether all variations (eg, COVID19)
should activate the same automatic term mapping as COVID-19
(Search 4).

Implications for PubMed Users and NLM
Although some emphasize the importance of highly sensitive
search strings more than others [15], it would be misleading to
argue that the ability to identify all relevant articles on a given
topic is relevant only for those conducting comprehensive,
systematic reviews. Reviewers who conduct rapid reviews could
save time and resources without substantially compromising
http://www.jmir.org/2020/11/e23449/
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sensitivity and precision by using the search string from the one
click-option. Everyday users of PubMed will need to specify
the one click-search to reach the number of records they find
manageable and relevant for their situation. However, the
validity of the Best Match sorting option in PubMed rests on
the sensitivity of the search process. Thus, the benefits of
identifying all relevant records can extend to noncomprehensive
PubMed searches.
Still, those who aim to conduct Cochrane-style systematic
reviews would want to develop more comprehensive search
strings rather than relying on the string integrated in the one
click-option. Here, PubMed’s Supplementary Concepts
implemented for COVID-19 and SARS-CoV-2 could, if correct
and consistently applied to all relevant records, help literature
searchers conduct efficient searches. However, Supplementary
Concepts are applied only to records available in PubMed that
have been indexed in MEDLINE, which account for 49.0% of
the total records identified in LitCovid. As reported above, the
one-click PubMed search yielded the same results as the
COVID-19 single-term search, although the latter included the
Supplementary Concepts for both COVID-19 and SARS-CoV-2,
suggesting that they do not add value when a search string is
sufficiently comprehensive. For Supplementary Concepts to be
of value for PubMed users aiming to conduct comprehensive
reviews during the pandemic, NLM would have to speed up
indexing of all records relevant to COVID-19.
We recommend that NLM uses a highly sensitive comprehensive
search string to create a COVID-19 subject filter (ie,
covid-19[sb]) or add it to their special queries collection [29,30].
The search string incorporated into such a filter or special query
may even be activated by the automatic term mapping of a
single-term search for COVID-19. If using one of the
comprehensive search strings tested in this article to create the
subject filter, it should be tested against other gold standard
data sets for validation [31]. Future research should test more
comprehensive search strings to determine which one is best
suited for searching the literature base.
Further, we highlight the need for evaluating and validating
search strings on multiple subjects (not only COVID-19) to
develop more subject filters, which can be helpful for both
everyday informational needs and serve as inspiration when
conducting systematic reviews. Even so, we recommend that
users consult with information specialists, research librarians,
or researchers with the proper competencies for the retrieval of
scientific information.

Conclusions
Scientific evidence must be easily accessible, especially during
a pandemic. Overall, we found that changes have been made in
PubMed that improve access to COVID-19–related articles
compared to the situation during the 2009 H1N1 influenza
pandemic. Importantly, some single-term searches performed
well. Still, more can be done to support users searching for
evidence regarding COVID-19. Specifically, the term mapping
of the single-term COVID-19 search can be refined to be
sensitive to variations in hyphens and spaces, and highly
sensitive comprehensive search strings could be made more
J Med Internet Res 2020 | vol. 22 | iss. 11 | e23449 | p. 8
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easily available for instant application when using the PubMed
search interface.
Overall, PubMed users can reliably use the one-click or
single-term COVID-19 search for everyday informational needs

Lazarus et al
about COVID-19 and SARS-CoV-2. However, when users are
aiming to systematically locate and screen the total available
literature on a topic related to COVID-19, especially when
conducting systematic reviews, they should rely on
comprehensive searches.

Acknowledgments
JVL acknowledges support to ISGlobal from the Spanish Ministry of Science, Innovation and Universities through “Centre of
Excellence Severo Ochoa 2019-2023” (CEX2018-000806-S) and support from the Government of Catalonia through the CERCA
Programme. The funders had no role in this work.

Authors' Contributions
JVL and ON conceived of the study. All authors contributed to the study design, data interpretation, and manuscript drafting.

Conflicts of Interest
JVL, AP, and JN have no competing interests. ON, THA, and LRN are employed at Steno Diabetes Center Copenhagen, a public
hospital and research institution under the Capital Region of Denmark, which is partly funded by a grant from the Novo Nordisk
Foundation. The funders had no role in this work.

References
1.

2.
3.
4.
5.
6.
7.
8.
9.
10.

11.

12.

13.
14.

15.

16.

Sohrabi C, Alsafi Z, O'Neill N, Khan M, Kerwan A, Al-Jabir A, et al. World Health Organization declares global emergency:
A review of the 2019 novel coronavirus (COVID-19). Int J Surg 2020 Apr;76:71-76 [FREE Full text] [doi:
10.1016/j.ijsu.2020.02.034] [Medline: 32112977]
Palayew A, Norgaard O, Safreed-Harmon K, Andersen TH, Rasmussen LN, Lazarus JV. Pandemic publishing poses a new
COVID-19 challenge. Nat Hum Behav 2020 Jul 23;4(7):666-669. [doi: 10.1038/s41562-020-0911-0] [Medline: 32576981]
Islamaj Dogan R, Murray GC, Névéol A, Lu Z. Understanding PubMed user search behavior through log analysis. Database
(Oxford) 2009 Nov 27;2009:bap018-bap018 [FREE Full text] [doi: 10.1093/database/bap018] [Medline: 20157491]
Lu Z. PubMed and beyond: a survey of web tools for searching biomedical literature. Database (Oxford) 2011;2011:baq036
[FREE Full text] [doi: 10.1093/database/baq036] [Medline: 21245076]
PubMed Overview 2020. National Library of Medicine. URL: https://pubmed.ncbi.nlm.nih.gov/about/ [accessed 2020-11-19]
Falagas ME, Pitsouni EI, Malietzis GA, Pappas G. Comparison of PubMed, Scopus, Web of Science, and Google Scholar:
strengths and weaknesses. FASEB J 2007 Sep 20;22(2):338-342. [doi: 10.1096/fj.07-9492lsf]
Pubmed Subject Filter Strategies Updated for 2019. National Library of Medicine. URL: https://www.nlm.nih.gov/pubs/
techbull/jf19/brief/jf19_pm_subject_filter_strategies_2019_update.html [accessed 2020-11-19]
National Library of Medicine. NCBI SARS-CoV-2 Resources. URL: https://www.ncbi.nlm.nih.gov/sars-cov-2 [accessed
2020-11-19]
Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, editors. Cochrane Handbook for Systematic Reviews of
Interventions. Chichester, UK: John Wiley & Sons; 2019.
Bramer WM, Giustini D, Kleijnen J, Franco OH. Searching Embase and MEDLINE by using only major descriptors or
title and abstract fields: a prospective exploratory study. Syst Rev 2018 Nov 20;7(1):200 [FREE Full text] [doi:
10.1186/s13643-018-0864-9] [Medline: 30458825]
McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. PRESS Peer Review of Electronic Search
Strategies: 2015 Guideline Statement. J Clin Epidemiol 2016 Jul;75:40-46 [FREE Full text] [doi:
10.1016/j.jclinepi.2016.01.021] [Medline: 27005575]
Cooper C, Booth A, Varley-Campbell J, Britten N, Garside R. Defining the process to literature searching in systematic
reviews: a literature review of guidance and supporting studies. BMC Med Res Methodol 2018 Aug 14;18(1):85 [FREE
Full text] [doi: 10.1186/s12874-018-0545-3] [Medline: 30107788]
Booth A. Unpacking your literature search toolbox: on search styles and tactics. Health Info Libr J 2008 Dec;25(4):313-317
[FREE Full text] [doi: 10.1111/j.1471-1842.2008.00825.x] [Medline: 19076679]
Bramer WM, de Jonge GB, Rethlefsen ML, Mast F, Kleijnen J. A systematic approach to searching: an efficient and
complete method to develop literature searches. J Med Libr Assoc 2018 Oct 04;106(4):531-541 [FREE Full text] [doi:
10.5195/jmla.2018.283] [Medline: 30271302]
Cooper C, Garside R, Varley-Campbell J, Talens-Bou J, Booth A, Britten N. "It has no meaning to me." How do researchers
understand the effectiveness of literature searches? A qualitative analysis and preliminary typology of understandings. Res
Synth Methods 2020 Sep;11(5):627-640. [doi: 10.1002/jrsm.1426] [Medline: 32495989]
Fiorini N, Canese K, Bryzgunov R, Radetska I, Gindulyte A, Latterner M, et al. PubMed Labs: an experimental system for
improving biomedical literature search. Database (Oxford) 2018 Jan 01;2018:a [FREE Full text] [doi:
10.1093/database/bay094] [Medline: 30239682]

http://www.jmir.org/2020/11/e23449/

XSL• FO
RenderX

J Med Internet Res 2020 | vol. 22 | iss. 11 | e23449 | p. 9
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
17.
18.

19.

20.
21.
22.
23.
24.

25.
26.
27.
28.

29.
30.
31.

Lazarus et al

Norgaard O, Lazarus JV. Searching PubMed during a pandemic. PLoS One 2010 Apr 07;5(4):e10039 [FREE Full text]
[doi: 10.1371/journal.pone.0010039] [Medline: 20383330]
World Health Organization. Naming the coronavirus disease (COVID-19) and the virus that causes it. URL: https://www.
who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/
naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it [accessed 2020-11-19]
Daei A, Soleymani MR, Ashrafi-Rizi H, Zargham-Boroujeni A, Kelishadi R. Clinical information seeking behavior of
physicians: A systematic review. Int J Med Inform 2020 Jul;139:104144. [doi: 10.1016/j.ijmedinf.2020.104144] [Medline:
32334400]
Chen Q, Allot A, Lu Z. Keep up with the latest coronavirus research. Nature 2020 Mar 10;579(7798):193-193. [doi:
10.1038/d41586-020-00694-1] [Medline: 32157233]
Shokraneh F. Keeping up with studies on covid-19: systematic search strategies and resources. BMJ 2020 Apr 23;369:m1601.
[doi: 10.1136/bmj.m1601] [Medline: 32327431]
Hodgkinson M. Pubmed PubReMiner. URL: https://hgserver2.amc.nl/cgi-bin/miner/miner2.cgi [accessed 2020-11-19]
How PubMed works: Automatic Term Mapping. National Library of Medicine. URL: https://pubmed.ncbi.nlm.nih.gov/
help/#automatic-term-mapping [accessed 2020-11-19]
Cooper C, Varley-Campbell J, Booth A, Britten N, Garside R. Systematic review identifies six metrics and one method for
assessing literature search effectiveness but no consensus on appropriate use. J Clin Epidemiol 2018 Jul;99:53-63. [doi:
10.1016/j.jclinepi.2018.02.025] [Medline: 29526555]
National Library of Medicine. PubMed User Guide - Clinical Queries. URL: https://pubmed.ncbi.nlm.nih.gov/help/
#clinical-queries [accessed 2020-11-19]
Wilbur WJ, Kim W, Xie N. Spelling correction in the PubMed search engine. Inf Retr Boston 2006 Nov 1;9(5):543-564
[FREE Full text] [doi: 10.1007/s10791-006-9002-8] [Medline: 18080004]
Search strings, code, and data for this article. URL: https://osf.io/dae7j/ [accessed 2020-11-19]
Shokraneh F, Russell-Rose T. Lessons from COVID-19 to future evidence synthesis efforts: first living search strategy and
out of date scientific publishing and indexing industry (submitted). J Clin Epidemiol 2020 Jul;123:171-173 [FREE Full
text] [doi: 10.1016/j.jclinepi.2020.04.014] [Medline: 32376119]
PubMed Subject Filters. National Library of Medicine. URL: https://www.nlm.nih.gov/bsd/pubmed_subsets.html [accessed
2020-11-19]
PubMed Special Queries. National Library of Medicine. URL: https://www.nlm.nih.gov/psd/special_queries.html [accessed
2020-11-19]
Tummers M, van Hoorn R, Levering C, Booth A, van der Wilt GJ, Kievit W. Optimal search strategies for identifying
moderators and predictors of treatment effects in PubMed. Health Info Libr J 2019 Dec 13;36(4):318-340. [doi:
10.1111/hir.12230] [Medline: 30006959]

Abbreviations
MeSH: Medical Subject Headings
NLM: National Library of Medicine
WHO: World Health Organization

Edited by G Eysenbach; submitted 17.08.20; peer-reviewed by F Shokraneh, I Mircheva, A Alasmari; comments to author 09.09.20;
revised version received 10.10.20; accepted 24.10.20; published 26.11.20
Please cite as:
Lazarus JV, Palayew A, Rasmussen LN, Andersen TH, Nicholson J, Norgaard O
Searching PubMed to Retrieve Publications on the COVID-19 Pandemic: Comparative Analysis of Search Strings
J Med Internet Res 2020;22(11):e23449
URL: http://www.jmir.org/2020/11/e23449/
doi: 10.2196/23449
PMID: 33197230

©Jeffrey V Lazarus, Adam Palayew, Lauge Neimann Rasmussen, Tue Helms Andersen, Joey Nicholson, Ole Norgaard. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 26.11.2020. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.
http://www.jmir.org/2020/11/e23449/

XSL• FO
RenderX

J Med Internet Res 2020 | vol. 22 | iss. 11 | e23449 | p. 10
(page number not for citation purposes)

