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Objectives. To measure protocol adherence and antigen-based detection tests (AgDT) negative predictive
value after 3 months of massive use as a diagnostic tool for COVID-19 in Guatemala.

Methods. The study period included nasopharyngeal swabs taken between March 12 and August 31, 2020,
which results were entered in the national COVID-19 information system. Proportional increase in testing
between one month before and one month after the introduction of AgDT (May 9-June 8 vs. June 9-July 8)

Results. After AgDT introduction, there was a 139% increase in SARS-CoV-2 testing. Between June 9 and
August 31, 7.8% of 110 657 AgDT-negative patients had follow-up RT-PCR testing. Of them, 30% were RT-PCR

Conclusions. While introducing AgDT improved access to diagnostics, ensuring the availability of timely
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was measured.

positive.

RT-PCR capacities to confirm diagnosis is also key.
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Molecular detection by reverse transcription-polymerase
chain reaction (RT-PCR) methods is considered the gold stan-
dard for diagnosis of acute SARS-CoV-2 infection (1). Despite
significant efforts to strengthen diagnostic capacities, many
countries, including Guatemala, were overwhelmed by the
number of RT-PCR tests required, leading to problematic
delays in results delivery. The Pan American Health Organiza-
tion (PAHO) recently recognized point-of-care antigen-based
detection tests (AgDT) as a strategy to decentralize access and
complement primary health care level diagnosis capacity in the
Americas (2).

In Guatemala, the first case of COVID-19 was detected
through Charite based RT-PCR protocol (3) at the national ref-
erence laboratory on March 13, 2020. Over the following weeks,
machine-based RT-PCR capacities were extended at regional
level (GeneXpert (4) and Filmarray (5)). By June, the number
of daily RT-PCR tests performed was close to 1 000, positivity
was nearly 40% and delay for results delivery was around one
week (6). Meanwhile, a hospital-based validation of Standard
Q COVID-19 Ag tests (7) suggested performances similar to
what was reported in systematic reviews (8) at 65%—84% sensi-
tivity and 100% specificity (9). On June 9, the Ministry of Health

Ministry of public health and social assistance of Guatemala, Guatemala City,
Guatemala

Pan American Health Organization, Guatemala City, Guatemala. [ Marc
Rondy, rondymar@paho.org

* Sunstone Bioinformatics, Guatemala City, Guatemala
* Pan American Health Organization, Washington, DC, United States of America

original work is properly cited. No modifications or commercial use of this article are permitted. In any reproduction of this article there should not be any suggestion that PAHO or this article endorse any specific organization

@ This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 IGO License, which permits use, distribution, and reproduction in any medium, provided the

or products. The use of the PAHO logo is not permitted. This notice should be preserved along with the article’s original URL.

Rev Panam Salud Publica 44, 2020 | www.paho.org/journal | https://doi.org/10.26633/RPSP.2020.174 1


http://www.paho.org/journal
www.paho.org/journal
https://doi.org/10.26633/RPSP.2020.174
https://creativecommons.org/licenses/by-nc-nd/3.0/igo/legalcode
mailto:rondymar@paho.org
https://doi.org/10.26633/RPSP.2020.174

Brief communication

(MoH) updated its surveillance protocol to include AgDT as a
complementary diagnostic tool to be used in every setting (10).
Various AgDT brands were available and have been used in
the country. Per the surveillance protocol, patients with posi-
tive AgDT could be classified as confirmed; those with negative
AgDT were required to have a second swab taken and tested
with RT-PCR to be discarded as non-cases.

The objectives of this analysis were to measure protocol
adherence and AgDT negative predictive value after 3 months
of massive AgDT use as a diagnostic tool for COVID-19 in
Guatemala.

METHODS

The study period included nasopharyngeal swabs taken
between March 12 and August 31, 2020. Suspected COVID-19
case definitions and testing strategies changed throughout the
initial 6 months of the outbreak in Guatemala. Before May 28,
suspected case definition included clinical and epidemiological
contexts and both cases and contacts were tested. Since May 29,
suspected COVID-19 cases have been defined as any individ-
ual with acute respiratory infection (fever and one respiratory
sign). Any suspected case is eligible for testing; asymptomatic
contacts are not eligible for testing.

Data collection

The MoH requires all laboratories running COVID-19 diag-
nostic tests to be registered. The MoH epidemiology department
provides registered users a username and password to access
the national COVID-19 information system (epiweb). Labora-
tory data entry clerks register results of all processed samples
as well as basic demographic information extracted from a noti-
fication form in epiweb.

Data collected

Data entered in epiweb include laboratory name; patient’s
age, gender, and place of residence; type of test used; and the
dates of symptoms onset, sample collection and results delivery.

Data analysis

To create a database matching AgDT and RT-PCR tests,
records of the same individual were identified based on name,
age, sex, and swabbing date (+/- 3 days). Laboratories were
classified as from MoH, social security (branch of the Guatema-
lan Ministry of Work and Social Provision that provides health
services to salaried employees) or private services. Patients
were defined as symptomatic if the date of symptoms onset was
not missing.

Proportional increase in testing between one month before
and one month after the introduction of AgDT (May 9-June
8 vs. June 9-July 8) was measured. Changes in testing trend
during weekdays of the month preceding and the month fol-
lowing the introduction of AgDT were compared using a Chow
Test comparing slopes (11).

Median delivery delay between swabbing and results deliv-
ery date were compared using Mood's median test.

In the period June 9-August 31, proportion of follow-up
RT-PCR and proportion of RT-PCR-positive tests among
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AgDT-negative patient-groups were compared using t-test.
To estimate the number of false negatives without follow-up
PCR, we calculated strata specific estimates crossing gender,
age group, presence of symptoms, laboratory type and place of
residence and summed the obtained data.

All analysis was conducted using R statistical package
(R Foundation for Statistical Computing, Vienna, Austria) (12).

This study did not require approval by an ethics committee
as it was in the context of public health surveillance. All data
was handled under confidentiality protection.

RESULTS

Between March 12 and August 31, 2020, 248 098 SARS-CoV-2
tests were reported in Guatemala, of which 31% were positive;
of 233 715 (94%) registers with information regarding the test
used, 82 373 (35%) were tested with RT-PCR and 151 342 (65%)
with AgDT (Figure 1).

Laboratory diagnostics increased by 139% (daily average of
1152 vs. 2 749 screened individuals) between the month before
and the month after AgDT introduction (increase of 220% inside
and 58% outside the capital city department) and the testing
trend significantly increased between the two periods (Chow
test p-value = 0.02) (Figure 2). Median delay for results delivery
was 3 days before and 4 days after AgDT introduction (p < 0.01).
After AgDT introduction, median delay for results delivery was
2 days for AgDT and 21 days for RT-PCR (p < 0.01). Among
individuals who had a follow-up PCR test, median delays were
one day between first swab and negative AgDT result, two days
between negative AgDT result and second swab and three days
between second swab and RT-PCR result.

The overall positivity for RI-PCR and AgDT tests was 36.0%
and 26.9% respectively. Of 109 657 swabs negative by AgDT, 8
595 (7.8%) had a registered result for RT-PCR (Table 1). The pro-
portion of follow-up RT-PCR tests in negative AgDT was 7% in
patients under 60 years of age and 14% in those aged 60 years
and above; it was 27%, 4%, and 3% among MoH, social security,
and private laboratories, respectively.

Of 8 595 AgDT-negative swabs with RT-PCR results, 6
025 (70%) tested negative by RT-PCR; 72%, 56%, and 70% in
recently symptomatic, symptomatic for 10 days or more, and
asymptomatic patients, respectively. It was 68%, 59%, and 81%
in MoH, social security, and private laboratories, respectively.

Of 102 062 AgDT-negative swabs without RT-PCR results, we
estimated that 37 339 (95% confidence interval: 26 560-48 118)
would have tested positive in RT-PCR.

DISCUSSION

AgDT introduction in Guatemala led to a significant increase
in SARS-CoV-2 testing trends, ultimately increasing the sensi-
tivity and timeliness of surveillance activities. However, only
7.8% of AgDT-negative patients were tested with RT-PCR and,
of those, 30% were positive.

The increase in SARS-CoV-2 tests after June 9 cannot be fully
attributed to AgDT introduction. Ideally, changes in COVID-
19 incidence in the population should be assessed in order to
isolate the true impact of AgDT in access to diagnosis. In the
absence of these data, comparison of slopes of testing curves
between the two periods demonstrated a significant increase in
testing trends after AgDT introduction. Overall results delivery
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FIGURE 1. RT-PCR and AgDT tests, Guatemala, 2020
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FIGURE 2. Laboratory diagnosis increase after AgDT introduction, Guatemala, 2020
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TABLE 1. Patients” profile, laboratory type, department of resident and COVID-19 positivity percentage, Guatemala, 2020

Antigen-based detection tests results

PCR results in Antigen-based detection
negative tests

Positive Negative Negative with follow Positive Negative
up PCR
1\ % p-value N % p-value N

Overall 40,685 26.9 110657 73.1 8595 7.8 2570 299 6025 70.1 Ref

Patients” profile
Gender
Male 24 267 28.7 60207 71.3 Ref 4594 7.6 Ref 1606 350 2988 65.0 Ref
Female 15273 243 47616 75.7  <0.01 3909 82  <0.01 931 238 2978 76.2 <0.01
Age

< 60 year-old 36 422 26.3 102013 73.7 Ref 7390 7.2 Ref 2076 28.1 5314 71.9 Ref

> 60 year-old 4263 33.0 8 644 67.0  <0.01 1205 139  <0.01 494 41.0 711 59.0 <0.01
Clinical presentation

Symptomatic < 10 d 26 590 36.0 47246 64.0 Ref 4100 8.7 Ref 1144 279 2956 721 Ref

Symptomatic > 10d 1573 214 5764 786  <0.01 569 99  <0.01 249 43.8 320 56.2 <0.01

Asymptomatic 12 457 17.8 57497 822 <0.01 3903 6.8  <0.01 1168 299 2735 701 0.05
Laboratory type

MoH laboratories 12 047 357 21699 64.3 Ref 5791 26.7 Ref 1830 316 3961 68.4 Ref

Social security laboratories 10814 32.7 22265 67.3  <0.01 965 43  <0.01 393 40.7 572 59.3 <0.01

Private laboratories 17 659 21.0 66429 79.0  <0.01 1828 28  <0.01 346 189 1482 81.1 <0.01
Department of residence

Capital city department 21677 234 71090 76.6 Ref 4205 59 Ref 1255 29.8 2950 70.2 Ref

Outside of capital city department 19008 325 39567 675 <0.01 4390 1.1 <0.01 1315 30.0 3075 70.0 0.93
Positivity percentage

Positivity < 30% 6498 27.0 17549 73.0 Ref 2487 14.2 Ref 813 327 1674 67.3 Ref

Positivity > 30% and <40% 9660 347 18167 65.3  <0.01 1772 98  <0.01 446 252 1326 74.8 <0.01

Positivity 240% 2850 425 3851 575  <0.01 131 34  <0.01 56 42.7 75 57.3 0.02

delays did not decrease after the introduction of AgDT. How-
ever, longer results delivery delays after AgDT introduction
were fully attributable to RT-PCR tests, for which results deliv-
ery increased from 3 to 21 days between the two time periods.
AgDT introduction allowed maintaining a reasonable diag-
nostic turn-around-time at a time when RT-PCR availability
became more scarce.

Based on our results, MoH health services were the most
compliant (26.7%) and private practices the least compliant
(2.8%) with the MoH guidelines of running systematic RT-PCR
on AgDT-negative patients. In private laboratories, as of August
31, the average price of an RT-PCR test was between three and
ten times higher than for an AgDT. It is likely that individual
economical resources were the main reason for not following
the MoH protocols in private laboratories. Lack of adherence
to the protocol from MoH and social security services could be
associated with unacceptable delay and complicated logistics in
the RT-PCR testing process.

Overall, the negative predictive value (NPV) was 70%,
meaning that almost one-third of AgDT-negative tests were
false negatives. NPV was the lowest among patients sampled
more than nine days after symptoms onset, highlighting the
importance of using AgDT in the first days after symptoms
onset (2,5) in suspected cases. Since NPV is negatively asso-
ciated with prevalence (14), its value was highest in private
hospitals, where only 21% of AgDT results were positive, and
lowest in the departments of Guatemala that had an overall

positivity proportion of 40% and above. The risks of false neg-
ative AgDT results (and low NPV) are higher in high incidence
settings.

Considering strata specific NPV we estimated that, between
June 9 and August 31, more than 37 000 COVID-19 cases
received a negative AgDT results without follow-up RT-PCR.
Among negative AgDT individuals with a subsequent RT-PCR
tests, the median delay between negative AgDT result and
positive RT-PCR results was five days. Considering that SARS-
CoV-2 RNA highest viral loads are observed around the day
of symptom onset and follow a gradual decline over time
(15), reducing this period, during which an infected individ-
ual is wrongly considered as free from SARS-CoV2, is critical.
Indeed, false negative AgDT results could lead to a false sense
of security, low adherence to isolation measures, and greater
probability of infecting others (16). Such consequences may be
of particular concern for individuals with severe symptoms,
healthcare workers, and people living in closed settings. While
our data suggest a proportion of RT-PCR follow-up two times
higher in older adults (14% vs. 7%), it remains an uncommon
practice in that population, and confirmatory testing should be
increased.

Being based on surveillance data, this work is affected by
some limitations. We cannot exclude that the matching pro-
cess to combine AgDT and RT-PCR laboratory results, subject
to data entry error, may have underestimated the proportion
of follow-up RT-PCR tests. However, this underestimation is
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likely to be minimal and non-differential between comparison
groups.

Cases were defined as symptomatic based on the documen-
tation of a date of symptom onset. Missing dates may have led
to misclassifying a number of symptomatic cases as asymp-
tomatic; this could explain the high number of asymptomatic
patients in our analysis despite their theorical per-protocol
exclusion from testing. However, the observed lower pro-
portion of positive AgDT results and relatively high NPV are
concordant with a high proportion of asymptomatic persons
in that group.

While more than 20 AgDT brands were gradually available in
the country, Standard Q COVID-19 Ag tests (7) were the most
commonly used during the period of analysis (personal com-
munication). However, since AgDT brand was not recorded in
the information system, we could not stratify results per brand.
An increasing number of AgDT diagnostic tests are being made
available and their formal evaluation tracked as part of the
Access to COVID-19 Tools (ACT) Accelerator global collabora-
tion (17). Measuring and reporting on their field performance
is critical to refine recommendations towards better perform-
ing tools.

Finally, due to MoH guidelines recommending follow-up
RT-PCR for negative AgDT only, we could not compute its
positive predictive value. In settings with low prevalence of
positives (contention phase), false positives may become a
concerning issue and RT-PCR confirmation tests may be recom-
mended for specific situations (13).

Considering the high proportion of false negatives and
lack of adherence to the diagnostic algorithm, the Guatema-
lan MoH published updated guidelines recommending that

Brief communication

AgDT-negative suspected cases without follow-up RT-PCR
tests should remain isolated until clinical recovery (18). In its
latest interim guidance, the World Health Organization mostly
recommends AgDT use to confirm or respond to COVID-19
outbreaks in remote settings, institutions and semi-closed
communities where nucleic acid amplification test is not
immediately available and to monitor disease incidence in com-
munities with widespread transmission (19).

CONCLUSION

Including AgDT in the Guatemalan testing strategy led to a
clear improvement in access to diagnostics by the population.
To successfully implement this strategy, ensuring the availabil-
ity of timely RT-PCR capacities to confirm negative diagnosis in
high incidence settings and positive diagnosis in low incidence
settings is key.
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Empleo a gran escala de pruebas de deteccién de SARS-CoV-2 basadas en
antigeno: experiencia de tres meses en Guatemala, junio-agosto de 2020

RESUMEN Objetivos. Evaluar la adherencia al protocolo y el valor predictivo negativo de las pruebas de deteccion basa-
das en antigeno (AgDT) después de 3 meses de uso masivo como método diagndstico para la COVID-19 en
Guatemala.

Métodos. Se estudiaron hisopados nasofaringeos tomados entre el 12 de marzo y el 31 de agosto de 2020,
cuyos resultados constaban en el sistema de informacion nacional de COVID-19. Se midié el aumento pro-
porcional del nimero de pruebas entre un mes antes y un mes después de la introduccion de las AgDT (9 de
mayo a 8 de junio, frente a 9 de junio a 8 de julio).

Resultados. Después de la introduccion de AgDT hubo un aumento del 139% en el niumero de pruebas de
SARS-CoV-2. Entre el 9 de junio y el 31 de agosto, el 7,8% de 110 657 pacientes negativos segun una AgDT
se sometieron a una prueba de seguimiento con RT-PCR. De ellos, el 30% presenté una RT-PCR positiva.
Conclusiones. Aunque la introduccion de AgDT mejor6 el acceso al diagnéstico, también es clave asegurar
la disponibilidad oportuna de RT-PCR para confirmar el diagnodstico.

Palabras clave Prueba de laboratorio; técnicas de laboratorio clinico; reacciéon en cadena de la polimerasa de transcriptasa
inversa; infecciones por coronavirus; Guatemala.
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