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Abstract. Effective identification and prognostication of severe COVID-19 patients presenting to healthcare facilities
are essential to reducing morbidity and mortality. Low- and middle-income country (LMIC) facilities often suffer from
restrictions in availability of human resources, laboratory testing, medications, and imaging during routine functioning,
and such shortages may worsen during times of surge. Low- and middle-income country healthcare providers will need
contextually appropriate tools to identify and triage potential COVID-19 patients. We report on a series of LMIC-
appropriate recommendations and suggestions for screening and triage of COVID-19 patients in LMICs, based on a
pragmatic, experience-based appraisal of existing literature. We recommend that all patients be screened upon first
contact with the healthcare system using a locally approved questionnaire to identify individuals who have suspected or
confirmed COVID-19. We suggest that primary screening tools used to identify individuals who have suspected or
confirmed COVID-19 include a broad range of signs and symptoms based on standard case definitions of COVID-19
disease. We recommend that screening include endemic febrile illness per routine protocols upon presentation to a
healthcare facility. We recommend that, following screening and implementation of appropriate universal source control
measures, suspected COVID-19 patients be triaged with a triage tool appropriate for the setting. We recommend a
standardized severity score based on the WHO COVID-19 disease definitions be assigned to all suspected and confirmed
COVID-19 patients before their disposition from the emergency unit. We suggest against using diagnostic imaging to
improve triage of reverse transcriptase (RT)-PCR-confirmed COVID-19 patients, unless a patient has worsening re-
spiratory status. We suggest against the use of point-of-care lung ultrasound to improve triage of RT-PCR-confirmed
COVID-19 patients. We suggest the use of diagnostic imaging to improve sensitivity of appropriate triage in suspected
COVID-19 patients who are RT-PCR negative but have moderate to severe symptoms and are suspected of a false-
negative RT-PCR with high risk of disease progression. We suggest the use of diagnostic imaging to improve sensitivity of
appropriate triage in suspected COVID-19 patients with moderate or severe clinical features who are without access to

RT-PCR testing for SARS-CoV-2.

INTRODUCTION

Effective identification and prognostication of severe COVID-
19 patients presenting to healthcare facilities are essential
to reducing morbidity and mortality associated with SARS-
CoV-2. The initial algorithms used to screen for and to triage
potentially positive COVID-19 patients were largely derived
from previous experiences managing severe respiratory ill-
nesses. Unfortunately, it is often impractical to apply these
recommendations directly to limited-resource settings in
low- and middle-income countries (LMICs). Yet, many of the
identification and triage methods applied to the pandemic
have been developed in high-income countries (HICs), where
critical resources for testing and treatment are abundant. As
such, these tools are more likely to incorporate more expen-
sive and time-consuming investigations. Low- and middle-
income country facilities often suffer from restrictions in the
availability of human resources, laboratory testing, medica-
tions, and imaging during routine functioning, and such
shortages may worsen during times of surge. To sustain

*Address correspondence to Lia M. Barros, Division of Cardiology,
University of Washington Medical Center, 1959 NE Pacific St., Seattle,
WA 98195. E-mail: Ibarros@uw.edu

healthcare provisions for all patients presenting to their sys-
tems during the enduring COVID-19 pandemic, LMIC health-
care providers need contextually appropriate tools to identify
and triage potential COVID-19 patients.

METHODS

An international task force with members from LMICs and
HICs, all of whom have direct experience in LMIC settings,
developed and appraised a list of key questions surrounding
the identification and triage of COVID-19 patients in LMICs. A
pragmatic, experience-based appraisal of existing literature
was conducted to generate a series of LMIC-appropriate
recommendations and suggestions regarding this topic.
Online consensus discussions were conducted within the
COVID-LMIC Task Force’s Triage subgroup to develop a set
of clearly defined questions regarding identification and
prognostication of COVID-19 patients in LMICS, and the use
of diagnostic tools to facilitate these two processes. Following
review of questions by the larger task force, the triage sub-
group members conducted comprehensive reviews of the
relevant literature to identify evidence for recommendations
related to each of the posed questions. Literature searches for
all questions were conducted through November 4, 2020 in
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four general medical databases (PubMed, Medline, Embase,
and Web of Science), the Cochrane Libraries, and Google
Scholar. Specific search terminology is noted for each ques-
tion in the following sections. Reference lists of all included
articles were manually screened for additional pertinent liter-
ature. It is important to note that the COVID-19 literature base
is expanding at an unprecedented pace. All studies through
the time of writing were considered for inclusion in this review;
however, some were excluded because of their limited rele-
vance to LMICs, and others may be missing if released
sometime after completion of the literature review.

Articles were screened at the title, abstract, and full-text
level to determine relevance to this review’s questions. Those
that provided information that possibly posed a solution to a
study question were included. To contextualize such data, we
classified each piece of evidence as being of high, moderate,
low, or very low quality, based largely on the design of the
study that generated it. Evidence was then used to derive rec-
ommendations, which were ranged as strong or weak, putting
emphasis on factors that play a strong role in whether or not
these recommendations could be implemented in LMICS,
such as safety, availability, and feasibility. Recommendations
deemed to be strong were worded as “we recommend. . .,” and
weak recommendations as “we suggest. ..”

A full description of the methods is provided in the Appendix.

QUESTIONS

Three questions regarding the identification and triage of
COVID-19 patients in LMICs were formulated by the COVID-
LMIC Task Force Triage subgroup:

1. Whatreadily available clinical or diagnostic data, outside of
a direct SARS-CoV-2 test, can predict whether a patient is
COVID-19 positive in LMICs?

2. What validated triage and severity of illness scoring sys-
tems are available to help determine the appropriate level
of care for COVID-19 patients in LMICs?

3. Which diagnostic modalities can be used to risk stratify
patients with suspected or confirmed COVID-19 in LMICs?

Question 1: What readily available clinical or diagnostic
data, outside of a direct SARS-CoV-2 test, can predict
whether a patient is COVID-19 positive in LMICs?
Rationale. A strategy that can effectively and efficiently prior-
itize the infectious status of all patients is essential to man-
aging the surge of healthcare needs during the COVID-19
pandemic. Such efforts are known as screening, the process
of identifying and isolating patients with COVID-19 risk factors
on initial presentation to the healthcare system. Unfortunately,
the gold standard for screening—testing all patients, and
enforcing isolation and precautions while awaiting results—is
impossible even in some of the highest-resourced settings
worldwide. Currently, a wide range of screening tools are in-
stead being used to rapidly identify persons under in-
vestigation for COVID-19 disease, including those with
influenza-like illness. In general, these tools use a combina-
tion of clinical and diagnostic data that may include
symptoms,’™ vital signs,"™ imaging,"” and laboratory
values."™ In LMICs, where it is likely unfeasible to conduct
laboratory and imaging investigations on an overwhelming
portion of patients each day, COVID-19 screening tools that

rely on such testing to identify potentially infectious patients
are rendered impractical.

A screening tool should be highly sensitive, identifying as
many cases as possible to limit risk of exposure for healthcare
providers and other patients alike. A pragmatic approach, one
that can be conducted with minimal human and physical re-
sources Yyet still obtains high sensitivity, is indispensable for
healthcare facilities as they manage the influx of potentially
infectious patients. Identifying such patients will allow for the
immediate implementation of universal source control mea-
sures, such as isolation, facemasks, eye protection, and other
personal protective equipment (PPE), reducing the risk of staff
or other patients contracting COVID-19 and further straining
the healthcare system. Effective screening tools also allow for
a reduction in the use of PPE because interactions between
staff and low-risk patients are likely safer. In limited-resource
settings, rational allocation of expensive and hard-to-procure
PPE is critical to maintaining baseline provision of all health
care during the COVID-19 response.

Search results. A search was performed to identify articles
as of November 4, 2020 using the following search and/or
medical subject headings (MeSH) terms: (“COVID-19” or
“SARS-CoV-2” or “2019-nCOV” or “Novel Coronavirus”) and
(“screening” or “identification”).

A total of 61 studies were identified that described COVID-
19 screening methods outside of direct SARS-CoV-2 testing,
26 of which were from LMICs. Four international guidelines
described methods of screening patients for COVID-19 with-
out the use of rapid antigen or reverse transcriptase (RT)-PCR
testing. Just three of these tools—one® from the United States
and two from China®'° (an upper-middie-income country)—
included associated validation data.

Evidence. Guidelines from the WHO recommend that all
persons undergo a screening of a simple set of questions
based on the WHO definition of COVID-19 upon first point of
contact with the health system.”” To meet the WHO’s case
definition, a patient must meet a combination of clinical and
epidemiological criteria, or present with severe acute re-
spiratory illness.'® The WHO also recommends that commu-
nities with high rates of other endemic infections that cause
fever (e.g., malaria, dengue, and tuberculosis) also screen for
these infections upon presentation per routine protocols.'®

Conducting a screening process such as WHO'’s is critical,
as recent studies have identified that effective screening can
lower nosocomial COVID-19 transmission.™ Unfortunately,
due to the quickly evolving environment of this pandemic, few
studies have even been able to validate the ability of screening
tools to successfully identify COVID-19-positive patients: To
date, only three studies have provided validation data to
support the use of non-SARS-CoV-2 test-based screening
methods for potential COVID-19 infection.

Two of these studies were conducted in China. Shi et al.®
assessed an internal screening tool that uses respiratory
symptoms, fever, and epidemiological history (travel outside
of the province or contact with known cases within 14 days) to
identify COVID-19-positive patients presenting to the emer-
gency and outpatient departments in Shanghai. Results of this
prospective validation found high sensitivity (1) and moderate
specificity (0.71), with high negative predictive value (1) and
low positive predictive value (0.18). These findings indicate
that although the tool is catching all patients who have COVID-
19, itis also classifying a substantial number of those without
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COVID-19 as potentially positive. A second Chinese study'®
used data from patients at multiple fever clinics to develop and
validate a screening tool. The tool includes epidemiological
history (travel outside of the province or contact with known
cases within 14 days), along with age, radiological evidence of
pneumonia, and eosinophil and leukocyte levels. Prospective
validation of the tool suggests that it has balanced sensitivity
and specificity (0.83 and 0.78, respectively), with high negative
predictive value (0.97) and moderate positive predictive value
(0.32). This study also reported an area under the curve (AUC)
of 0.86, which further supports its validity in accurately iden-
tifying COVID-19 cases.

A third study?® originating in the United States validated a
simplistic, three-step method for identifying COVID-19 cases:
Patients were assessed for close contact with a confirmed
case, loss of taste or smell, and sore throat to determine po-
tential infectivity. This algorithm was found to be highly sen-
sitive (0.96) at the cost of its specificity (0.53). This low
specificity, in addition to a low positive predictive value (0.14),
suggests that although nearly all cases are being identified,
many noninfectious patients may be classified as infectious in
this tool.

After screening and standardized triage according to se-
verity of illness, patients who have been deemed potentially
positive for COVID-19 may proceed to secondary screening
for further differentiation into suspected, probable, and con-
firmed cases (positive COVID-19 test).'®15 This is particularly
important in clinical care locations where testing is unavail-
able or markedly delayed. Secondary screening tools further
separated patients using a combination of repeated initial
screening questions and more extensive symptom ques-
tionnaires. These surveys often included symptom-based
questions (e.g., chills, sore throat, rhinorrhea, congestion,
dyspnea, headache, myalgia, arthralgia, diarrhea, and rash), as
well as imaging (including chest computerized tomography
(CT),"*lung ultrasound,®® and chest X-ray”) and laboratory tests
(including complete blood count (CBC),® absolute lymphocyte
count,? inflammatory markers,® and influenza tests®). SARS-
CoV-2 rapid and PCR tests were also incorporated into some
screening algorithms, presumably because expanding beyond a
singulartest result can mitigate potential testing inaccuracies and
improve sensitivity. To date, no studies have validated secondary
screening tools on their ability to accurately identify COVID-19
patients in any setting.

Availability, feasibility, affordability, and safety. The two
LMIC-validated COVID-19 screening tools evaluated in this
literature review are both based on short algorithms, using
easy-to-understand definitions. The brevity and clarity of
these tools is crucial, because facility-based screening in
LMICs is frequently performed by non-healthcare personnel,
such as security guards.

Although two tools were identified with validation data in
LMICs, both were set in China and are dependent on some
resources. The first tool® mentioned requires that the person
conducting screening be able to obtain a temperature, which
should be feasible in most LMIC settings. The second tool,°
however, relies on two laboratory values and CT scan. The
equipment for these investigations may be available in some
higher-level facilities in LMICs, but, even in these settings, it is
likely infeasible and too expensive to run the high volume of
tests that would be needed to screen all potential patients
using this algorithm. It is unlikely that the tool offered by Ma

et al.® is pragmatic for use in LMICs. Although the third tool®

discussed in relation to this review question was developed
for, and validated in, the United States, it was included here
because of the limited number of validated tools in LMICs and
its feasibility in such settings. It is simplistic in nature, with just
three inputs, none of which require anything beyond interview
skills. A tool such as this may be ideal in LMICs because it
could be implemented at the front door of a healthcare facility
and carried out by non-healthcare provider staff.

The high sensitivities and negative predictive values of the
three validated tools identified in this review suggest that these
tools are arguably safe to use, with most cases being identified
and those cases that are negative likely to be true negatives. It
must be noted, however, that their validation data may not be
generalizable to other settings, especially lower-resourced ones:
Although two studies were conducted in the upper-middie—
income nation of China, they appear to have been used in well-
equipped hospitals. Of concern with all of these tools, however,
is their lower than ideal specificities and positive predictive val-
ues. ltis, indeed, safer to overclassify patients as infectious that
are not because the alternative scenario—classifying infectious
patients as noninfectious—would increase the risk of nosoco-
mial infection. But, classifying additional patients as positive
unnecessarily increases resource utilization in the form of PPE,
physical space for isolation, and patient-to-provider ratios. In
severely resource-constrained environments, such as those
seen in LMICs, this must be balanced against the risks of nos-
ocomial transmission.

Most of these screening tools focused on respiratory
symptoms and/or fever, along with epidemiological history.
This approach runs the risk of missing the wide range of
symptoms associated with COVID-19 infection: As described
in the WHO case definition,'? a substantial portion of COVID-
19 cases present atypically and would be missed by these
tools.'®1” For example, one study of 1,099 COVID-19 cases
found that only 43.8% of patients presented with fever.'®
Furthermore, it is well documented that patients do a poor job
of self-reporting epidemiological history—either by choice or
because they do not know of exposures—and the impact of
epidemiologic data is limited as community transmission
increases.'®

Considering the higher prevalence of other potentially fe-
brile illness in LMICs, it is important to adhere to WHO’s rec-
ommendation that these diseases also be screened for upon
presentation. Similar to rationale for screening for COVID-19in
all patients, screening for other endemic illnesses also has the
potential to improve effective allocation of limited resources
such as PPE.

Recommendations and suggestions (Table 1). In LMICs, we
recommend that all patients be screened upon first contact with
the healthcare system using a locally approved questionnaire to
identify individuals who have suspected or confirmed COVID-
19 (strong recommendation, very low quality of evidence).

In LMICs, we suggest that primary screening tools used to
identify individuals who have suspected or confirmed COVID-
19 include a broad range of signs and symptoms based on
standard case definitions of COVID-19 disease (strong rec-
ommendation, very low quality of evidence).

In LMICs, we recommend that screening include endemic
febrile illness per routine protocols upon presentation to a
healthcare facility (weak recommendation, low quality of
evidence).
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Question 2: What validated triage severity of illness
scoring systems are available to help determine appro-
priate level of care for COVID-19 patients in LMICs?
Rationale. The clinical management of patients with COVID-19
can be informed by three key information-gathering and as-
sessment steps: screening, triage, and severity scoring.
Screening, discussed previously, serves primarily as a
mechanism of isolating patients who are potentially positive
cases of COVID-19 to reduce the spread of the virus within
facilities. Triage is a systematic method of sorting patients by
the severity of their clinical syndrome and matching patients
with healthcare resources, regardless of their specific disease
state. Severity scoring can then be used to prognosticate
patients, although it is applied to a specific disease state, such
as confirmed or suspected COVID-19; it is used to risk stratify
patients and identify those likely to have poor outcomes such
as admissionto an intensive care unit or high dependency unit,
or death. Like triage, severity scoring can aid providers in
targeting limited resources toward those in greatest need.

The WHO has described the severity of COVID-19 cases as
mild, moderate, severe, and critical.'® Mild patients have upper
respiratory tract disease, moderate patients have pneumonia
but do not require oxygen, and severe patients require oxygen,
and critical patients have acute respiratory distress syndrome
or sepsis/septic shock and often require ventilation. Multiple
studies have described laboratory and imaging findings,
symptoms, and comorbidities that are linked to the severity of
COVID-19."%2° Clear guidance on how severity indicators can
be used to guide clinical management would enable early rec-
ognition and more targeted treatment of the most at-risk pa-
tients, improving outcomes even when resources are scarce.

Search results. A search was performed to identify articles
as of November 4, 2020 using the following search and/or
MeSH terms: (“COVID-19” or “SARS-CoV-2” or “2019-nCOV”
or “Novel Coronavirus”) and (“triage” or “risk” or “severity” or
“stratification” or “prediction” or “index” or “score”).

A total of 25 studies were identified that described triage
protocols for COVID-19 patients, 11 of which were from
LMICs. There were only two®' validation studies related to
these tools, one of which was from China,?? an upper-
middle—-income country. There were 48 severity scoring tools
described in the literature, 23 of which were from LMICs.
Thirty-four of these severity scoring tools included associated
validation data, including 17 LMIC validations (15 from
China®3-%¢ and two from Turkey).>"%8

Evidence. This review identified a limited number of vali-
dated triage tools and a more robust number of validated
severity scoring tools.

To date, just two triage tools have published validation data.
Only one of these, from China, is mentioned here. A second
tool, fromthe United States, was found to be less sensitive and
specific, despite including a greater number of resource-
intensive inputs.?

In the Jiangsu Province of China, Sun et al.?? validated a
homegrown system for triaging confirmed COVID-19 patients.
The algorithm includes seven inputs: age, blood oxygen sat-
uration, CT scan results, heart rate, lymphocyte count, oxy-
genation requirements, and respiratory rate. Retrospective
validation identified that the tool has high sensitivity (0.955)
and specificity (0.899), and an AUC of 0.962.

In comparison to screening and triage tools, a much larger
number of severity scoring tools (34) provided validation data,

bothin HICs and LMICs. Highlighted here are those most likely
to be feasible in LMICs, based on assumptions about facility
capacity as described by the Disease Control Priorities, Third
Edition.®® In this context, only five LMIC-validated scoring
systems are considered readily feasible; all of these originate
in China and are tools that existed for broader prognostication
purposes before the COVID-19 pandemic.

A large review of seven previously developed scoring sys-
tems for pneumonia and sepsis was conducted by Fan et al.®
This study, which evaluated the capability of tools to predict
in-hospital mortality, identified that two tools with feasibility in
LMICs—the CRB-65 and quick sequential organ failure as-
sessment (QSOFA)—were predictive of severe COVID-19 ill-
ness, with AUC scores of 0.80 and 0.73, respectively. The
CRB-65 tool uses Glasgow Coma Scale (GCS), respiration
rate, age older than 65 years, and blood pressure (diastolic or
systolic) as inputs, and gSOFA uses GCS, respiratory rate, and
systolic blood pressure. Although the study also found other
tools to be predictive, all of those not mentioned here relied on
resource-intensive laboratory and imaging investigations.

Peng et al.®® evaluated the use of the National Early Warning
System (NEWS), a previously developed tool, in the context of
COVID-19 patients, both with and without the inclusion of age.
The traditional NEWS tool includes body temperature, heart
rate, level of consciousness, oxygen saturation, respiratory
rate, and systolic blood pressure. This study found AUC
scores of 0.837 for NEWS and 0.846 for NEWS and age when
the tool is used with confirmed COVID-19 patients. National
Early Warning System had a sensitivity of 0.917 and specificity
of 0.574, whereas NEWS and age had a slightly higher sen-
sitivity of 1.0 and lower specificity of 0.511.

Hu et al.,%® evaluated two previously available rapid scoring
systems as predictors of in-hospital mortality of 138 COVID-
19 patients in China. The Modified Early Warning Score pre-
dicted in-hospital mortality with a sensitivity and specificity of
68.4% and 65.1%, respectively. This scoring tool includes
body temperature, GCS, heart rate, respiratory rate, and
systolic blood pressure. The Rapid Emergency Medicine
Score (REMS) predicted in-hospital mortality with a sensitivity
and specificity of 0.8947 and 0.6977, respectively. The REMS
model uses age, GCS, heart rate, mean arterial pressure, and
respiratory rate to predict mortality.*® Notably, these scoring
systems primarily differ by the inclusion of oxygen saturation
and patient age in REMS, which has a higher sensitivity for
COVID severity screening. Including oxygen saturation in se-
verity scoring tools may therefore be useful for maximizing
sensitivity. Directing efforts toward procuring and maintaining
working blood oxygen saturation monitoring equipment may
be an effective means of improving triage accuracy; however,
it is essential that tools be made available with and without this
input, as blood oxygen saturation monitoring equipment may
remain limited in availability in LMICs.394°

Availability, feasibility, affordability, and safety. Both triage
and scoring tools that are based on laboratory studies and
imaging may have limited utility in low-resource settings that
lack access to advanced testing. Fortunately, multiple severity
scoring algorithms have been validated in LMICs; however, as
has been mentioned previously for screening and triage tools,
these tools’ generalizability outside of upper-middle-income
nations may be very limited.*' This review found only one tri-
age system, providing limited evidence on what tool inputs
may be effective in triaging COVID-19 patients in LMICs. The
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TaBLE 1

Recommendations and suggestions on screening, triage, and severity scoring in COVID-19 patients in LMICs

1. Screening tools

2. Triage severity of illness scoring tools

3. Stratification through diagnostic
imaging

1.1. In LMICs, we recommend that all patients be screened upon first contact with the healthcare
system using a locally approved questionnaire to identify individuals who have suspected or
confirmed COVID-19 (strong recommendation, very low quality of evidence).

1.2. In LMICs, we suggest that primary screening tools used to identify individuals who have
suspected or confirmed COVID-19 include a broad range of signs and symptoms based on
standard case definitions of COVID-19 disease (strong recommendation, very low quality of
evidence).

1.3. In LMICs, we recommend that screening include endemic febrile iliness per routine protocols
upon presentation to a healthcare facility (weak recommendation, low quality of evidence).

2.1. In LMICs, we recommend that, following screening and implementation of appropriate universal
source control measures, suspected COVID-19 patients be triaged with a triage tool appropriate for
the setting (strong recommendation, very low quality of evidence).

2.2. In LMICs, we recommend a standardized severity score based on the WHO COVID-19 disease
definitions be assigned to all suspected and confirmed COVID-19 patients before their disposition
from the emergency unit (weak recommendation, low quality of evidence).

3.1. In LMICs, we suggest against using diagnostic imaging to improve triage of RT-PCR-confirmed
COVID-19 patients, unless a patient has worsening respiratory status (weak recommendation, very
low quality of evidence).

3.2. In LMICs, we suggest against the use of point-of-care lung ultrasound to improve triage of RT-
PCR-confirmed COVID-19 patients (weak recommendation, low quality of evidence).

3.3. In LMICs, we suggest the use of diagnostic imaging to improve sensitivity of appropriate triage in

patients who are RT-PCR negative but have moderate-to-severe symptoms and concern for a
false-negative RT-PCR and with a high risk of disease progression (weak recommendation, very low

quality of evidence).

3.4.1n LMICs, we suggest the use of diagnostic imaging to improve sensitivity of appropriate triage in
suspected COVID-19 patients with moderate or severe clinical features who are without access to
RT-PCR testing for SARS-CoV-2 (weak recommendation, very low quality of evidence).

LMICs = low- and middle-income countries; RT-PCR = reverse transcriptase-PCR. Grading: see Appendix for explanations.

other validated triage tool identified in this search was from a
HIC, and its extensive laboratory and imaging requirements
likely render it impractical in many resource settings; it there-
fore cannot be recommended for use.

Recommendations and suggestions (Table 1). In LMICs, we
recommend that, following screening and implementation of
appropriate universal source control measures, suspected
COVID-19 patients be triaged with a triage tool appropriate for the
setting (strong recommendation, very low quality of evidence).

In LMICs, we recommend a standardized severity score
based on the WHO COVID-19 disease definitions be assigned
to all suspected and confirmed COVID-19 patients before their
disposition from the emergency unit (weak recommendation,
low-quality evidence).

Question 3: Which diagnostic modalities can be used to
risk stratify patients with suspected or confirmed COVID-
19 in LMICs? Rationale. In addition to the history and exam-
ination, HICs frequently include diagnostic modalities such as
chest CT, lung ultrasound, and chest X-ray to support a clinical
diagnosis of COVID-19. Itis not always feasible for these tests
to be performed routinely for every patient presenting to acute
healthcare systems in LMICs.*? High costs to both the patient
and health system, insufficient material resources (e.g., lack of
ultrasound or CT machines), and limited human resources
(e.g., lack of training in use of point-of-care ultrasound or in-
adequate numbers of healthcare providers to perform these
tests) make it challenging to use these diagnostic modalities
routinely for triage. However, when available, targeted use of
diagnostic modalities can increase the likelihood of early di-
agnosis, especially when testing resources are limited or unavail-
able. Please refer to the separate article within this Journal issue on
testing and diagnosis for further discussion of diagnostic modali-
ties, including laboratory diagnostics (reference).

Search results. A search was performed to identify articles
as of November 4, 2020 using the following search and/or

MeSH terms: (“COVID-19” or “SARS-CoV-2” or “2019-nCOV”
or “Novel Coronavirus”) and (“ultrasound” or “CT” or “com-
puterized tomography” or “radio*” or “X-ray” or “imag*” or
“oximet*”) and (“screening” or “sensitivity” or “diagnosis” or
“triage” or “identif*” or “severity”).

The literature search revealed 32 results. Of these, most
were narrative reviews or qualitatively described the clinical
experience at a single center. None specifically evaluated the
utility of diagnostic modalities in enhancing the sensitivity of
triage protocols.

Evidence. Some small, retrospective studies have found
chest CT scans to have greater sensitivity but far lower
specificity than RT-PCR testing in identifying symptomatic
patients positive for COVID-19 disease (i.e., positive follow-up
RT-PCR test).2%?7 In a single-center, retrospective, observa-
tional study from China, of 15 patients who were ultimately
found to have COVID-19 disease on serial RT-PCR testing, but
initially having had a negative RT-PCR result, 66.7 % had chest
CT imaging findings consistent with COVID-19 before the
initial negative RT-PCR test, and 93% had chest CT findings
consistent with COVID-19 before or in parallel to receiving a
positive follow-up RT-PCR test.?® Similarly, another Chinese
single-center retrospective study including 36 patients who
were ultimately found to have COVID-19 disease reported that
abnormal chest CT on presentation was 97.2% sensitive (35 of
36 patients) for COVID-19, whereas initial RT-PCR was only
83% sensitive (30 of 36 patients).*® To support the use of non-
contrast chest CT as a predictor for lung involvement of
COVID-19, the Dutch Radiological Society published a
framework, the COVID-19 Reporting and Data Systems (CO-
RADS). This study found a very good performance for pre-
dicting COVID-19 in patients with moderate-to-severe
symptoms and has substantial interobserver agreement, es-
pecially for patients categorized to low or high suspicion, but
from a HIC and may have limited applicability in LMICs.**

*93
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Although abnormalities on chest radiographs are common in
symptomatic patients found to have COVID-19 disease, these
have a lower sensitivity than initial RT-PCR,*® and also have a
lower sensitivity than chest CT scans.*® In a small, multicenter,
retrospective, observational study including patients who would
ultimately test positive for COVID-19, baseline chest radiograph
had a sensitivity of 69%, compared with 91% for initial RT-PCR.
Chest radiograph abnormalities preceded a positive RT-PCR in
only six of 64 patients (9%).** Given this body of evidence, the
American College of Radiology has recommended against chest
imaging as a screening modality, even in high-resource settings
where such imaging might be readily available.*®

Point-of-care lung ultrasound has been proposed as a sensitive
and relatively inexpensive diagnostic modality to augment
laboratory-based diagnosis and triage protocols.*” Small obser-
vational studies and experiential reports have demonstrated high
sensitivity of lung ultrasound to detect COVID-19 disease and
utility in reducing use of other imaging modalities,*”**® and multiple
groups have investigated integrating ultrasound in the screening
and triage process.>#*%-52 However, none of these studies were
set in LMICs, and we did not identify studies showing additional
benefit from ultrasound in the triage process beyond standard
clinical and laboratory-based approaches. Therefore, we do not
currently recommend such a practice be used in LMICs.

The Fleischner Society, an interational, multidisciplinary medi-
cal society for thoracic radiology, has published a consensus
statement on the role of chest imaging in the management of
confirmed or suspected COVID-19 patients.>® Drafted by experts
from HIC, the recommendations in this document consider severity
of disease (mild versus moderate-to-severe) as well as the envi-
ronment of care (resource-constrained versus non). Although no
experts from LMICs were represented in this committee, in
resource-constrained environments, the document advises the use
of chest imaging in patients with moderate-to-severe features on
COVID-19 “to support more rapid triage of patients when point-of-
care COVID-19 testing is not available or results are negative.”
Additional groups have recommended a similar approach, com-
bining chest CT with RT-PCR to improve sensitivity of initial eval-
uation for patients in whom there is a high clinical suspicion for
COVID-19.%*

Availability, feasibility, affordability, and safety. Availability of
radiologic diagnostic modalities to augment triage will be
impacted by material resources (e.g., whether the machines
are available at a given center), status of the machines (e.g.,
ability to repair and maintain them, and ability to properly clean
them after use on potentially infectious patients), and availability
of clinical staff who are skilled in performing and interpreting the
studies. Although each of these elements will be largely influ-
enced by the resources available before the COVID-19 pan-
demic, it is likely that they will potentially be negatively impacted
in the setting of the pandemic. This means that imaging mo-
dalities that may usually be available at a center may be tem-
porarily unavailable (or less available) during the COVID-19
pandemic because of human and material resource strains.

Feasibility of these studies will likewise largely be de-
termined by the pre-pandemic resources of individual clinical
sites, as increasing capacity to perform diagnostic imaging in
the setting of the pandemic will be challenging.

Affordability must be considered in the context of affordability to
the healthcare system and affordability to the patient. Some im-
aging modalities, such as CT and radiographs, are more likely to be
billed directly to the patient or their insurer, whereas modalities

such as point-of-care lung ultrasound may be more “affordable” to
the patient if they are not billed for. However, point-of-care ultra-
sound may require time from the primary bedside clinician,
whereas radiographs and CT scans typically are performed by
ancillary teams. In situations where the providers performing initial
triage have increased clinical load (such as during a pandemic), it
may be less feasible to perform point-of-care ultrasound because
of limited time. In addition, in resource-limited settings, point-of-
care lung ultrasound is less frequently performed without appro-
priate quality assurance programs and skill building programs, also
challenging feasibility.>®

Although radiation exposure is always a safety consider-
ation, this exposure is relatively benign when considering the
use of one or a few additional imaging tests per patient.
However, transportation of potentially severely ill patients to
radiology departments to perform radiographs or CT scans
introduces additional risk of clinical decompensation. In ad-
dition, use of radiologic equipment (e.g., CT or ultrasound
machines) or spaces (e.g., imaging suites) for highly infectious
patients introduces the risk of viral transmission to other pa-
tients or staff. This risk, and the time and resources required to
mitigate it through cleaning, must be considered.

Recommendations and suggestions (Table 1). In LMICs, we
suggest against using diagnostic imaging to improve triage of
RT-PCR-confirmed COVID-19 patients, unless a patient has
worsening respiratory status (weak recommendation, very low
quality of evidence).

In LMICs, we suggest against the use of point-of-care lung
ultrasound to improve triage of RT-PCR-confirmed COVID-19
patients (weak recommendation, low quality of evidence).

In LMICs, we suggest the use of diagnostic imaging to improve
sensitivity of appropriate triage in patients who are RT-PCR neg-
ative but have moderate to severe clinical features and concern for
a false-negative RT-PCR and with a high risk of disease progres-
sion (weak recommendation, very low quality of evidence).

In LMICs, we suggest the use of diagnostic imaging to im-
prove sensitivity of appropriate triage in suspected COVID-19
patients with moderate or severe clinical features who are
without access to RT-PCR testing for SARS-CoV-2 (weak
recommendation, very low quality of evidence).
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APPENDIX

Development of recommendations and suggestions.
Selection of Task Force members. The selection of the group

members was based on interest in specific aspects of COVID-19
and hands—-on experience in triage, emergency rooms, high de-
pendency unit (HDU) or intensive care units (ICUs) in LMICs.
Alfred Papali and Marcus Schultz contacted potential team
members through email early in the pandemic of COVID-19, and
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created eight subgroups assigned to separate areas in COV-
ID-19 management: ‘triage’, ‘safety’, ‘organization’, ‘microbiol-
ogy and laboratory tests, imaging tools, and diagnostic and
prognostic modeling’, ‘acute respiratory failure, ‘acute kidney
injury’, ‘coagulopathy, ‘prevention and therapy’, ‘shock’ and
‘support after initial care’. In total, there were 38 Task Force
members representing five medical specialties or disciplines
(emergency medicine, intensive care, infectious diseases, in-
ternal medicine and critical care nursing) from five out of six World
Health Organization (WHO) geographic regions. The Task Force
consisted of 16 full-time LMIC members, 16 full time high-income
country (HIC) members—all with direct LMIC experience—and 6
members with joint LMIC/HIC appointments.

Selection of subgroup members. Lia M. Barros, Jennifer
Pigoga, Alfred Papali, Bhakti Hansoti, Kristina E. Rudd, Sarah
Hirner, Sopheakmoniroth Chea, Marcus Schultz, and Emilie
Calvello Hynes were assigned to this subgroup based on their
specific expertise and interest in triage and emergency
medicine.

Meetings. Subgroup heads were initially contacted via email
to establish the procedures for literature review and drafting of
tables for evidence analysis. The subgroup heads continued
work via the Internet. Several meetings occurred through
teleconferences and electronic-based discussions among
the subgroup heads and with members of other subgroups.

The subgroup head then drafted a live document to orga-
nize subgroup members, contacts, questions, and a working
schedule for drafts. In the first electronic based discussion, a
set of clearly defined questions were formulated regarding
screening, triage, and prognostication, and use of diagnostic

TasLE A1
Quality of Evidence

Randomized clinical trials High

Downgraded randomized clinical trial(s) or Moderate
upgraded observational studies

Observational studies Low

Downgraded observational studies or Very Low
expert opinions

Factors that may decrease strength of evidence: poor quality of planning and
implementation of available RCTs, suggesting high likelihood of bias; inconsistency of
results, including problems with subgroup analyses; indirectness of evidence (differing
population, intervention, control, outcomes, comparison); imprecision of results; and high
likelihood of reporting bias. Factors that may increase strength of evidence: large magnitude
of effect (direct evidence, relative risk > 2 with no plausible confounders); very large magnitude
of effect with relative risk > 5 and no threats to validity (by two levels); and dose-response
gradient. Evidence was then used to derive recommendations, which were ranged as strong
or weak, putting emphasis on factors that play a strong role in whether or not these
recommendations could be implemented in LMICS, such as safety, availability, and
feasibility. Recommendations deemed to be strong were worded as ‘we recommend ...,
and weak recommendations as ‘we suggest. . .". A number of recommendations could remain
‘ungraded’ (UG), when, in the opinion of the subgroup members, such recommendations
were not conducive for the process described above. The factors influencing these
classifications are presented in Table A2.
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tools in relation to these topics. These were edited for content
and clarity by the subgroup members. Following review of
questions by the larger Task Force, Triage subgroup members
conducted comprehensive reviews of the relevant literature to
identify evidence for recommendations related to each of the
posed questions. Each member of the triage subgroup sum-
marized the evidence of their assigned question in an online
supplement, and formulated a set of recommendations and
suggestions after electronic-based discussions. After the
approval of each subgroup member, the subgroup heads
summarized the evidence in a report, which was sent for ap-
proval by all members of the other groups.

Search techniques. Literature searches for all questions were
conducted through November 4, 2020 in four general medical
databases (PubMed, Medline, Embase, and Web of Science),
the Cochrane Libraries, and Google Scholar. Furthermore,
subgroup members identified investigations from LMICs, and
searched for yet unpublished study results. Specific search
terminology is noted for each question in its respective section.
Reference lists of all included articles were manually screened
for additional pertinent literature. It is important to note that the
COVID-19 literature base is expanding at an unprecedented
pace. All studies through the time of writing were considered for
inclusion in this review; however, some were excluded due
consensus on their limited relevance to LMICs and others may
be missing if released sometime after the review end date.

Articles were screened at the title, abstract, and full-text
level to determine relevance to this review’s questions. Those
that provided information that may pose a solution to a study
question were included.

Grading of Recommendations. In order to contextualize
such data, we classified each piece of evidence as being of
high or low quality, based largely on the design of the study
that generated it; these classifications are defined in Appendix
Table A1.

Reporting. The report was edited for style and form by Alfred
Papali or Marcus Schultz, with final approval by subgroup heads
and then by the entire COVID-LMIC Task Force. A final docu-
ment was submitted to the ‘American Journal of Tropical
Medicine and Hygiene’ for potential publication as an open
access article.

Confilicts of interest. No members of the ‘triage’ subgroup
represented industry, and there was no industry input into
guidelines development. No member of the ‘triage’ subgroup
received honoraria for any role in the guideline development
process. None reported conflicts of interest. Open access
fees for this manuscript, and all 9 others in the series, were
supported by the Wellcome Trust of Great Britain.

TaBLE A2
Strong vs. Weak Recommendations™

What is Considered
High or moderate evidence
Certainty about the balance of benefits
vs. harms and burdens
Certainty in or similar values
recommendation.
Resource implications

Availability and feasibility in LMICs
Affordability for LMICs
Safety of the intervention in LMICs

How it effects the recommendation

The higher the quality of evidence, the more likely a strong recommendation.

The larger/smaller the difference between the desirable and undesirable consequences and the
certainty around that difference, the more likely a strong/weak recommendation.

The more certainty or similarity in values and preferences, the more likely a strong

The lower/higher the cost of an intervention compared to the alternative the more likely a strong/
weak recommendation.

The less available, the more likely a weak recommendation.

The less affordable, the more likely a weak recommendation.

The less safe in an LMIC, the more likely a weak recommendation.

*In case of a strong recommendation we use ‘we recommend .. .’; in case of a weak recommendation we use ‘we suggest ...’



