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The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
caused a major international public health concern. The World Health Organization (WHO)
declared the pandemic of coronavirus disease 2019 (COVID-19) on March 11, 2020. In
Panama, the first SARS-CoV-2 infection was confirmed on March 9, 2020, and the first
fatal case associated to COVID-19 was reported on March 10. This report presents the
case of a 44-year-old female who arrived at the hospital with a respiratory failure, five days
after the first fatal COVID-19 case, and who was living in a region where hantavirus
pulmonary syndrome cases caused by Choclo orthohantavirus (CHOV), are prevalent.
Thus, the clinical personnel set a differential diagnosis to determine a respiratory disease
caused by the endemic CHOV or the new pandemic SARS-CoV-2. This case investigation
describes the first coinfection by SARS-CoV-2 and CHOV worldwide. PCR detected both
viruses during early stages of the disease and the genomic sequences were obtained. The
presence of antibodies was determined during the patient’s hospitalization. After 23 days
at the intensive care unit, the patient survived with no sequelae, and antibodies against
CHOV and SARS-CoV-2 were still detectable 12 months after the disease. The detection
of the coinfection in this patient highlights the importance, during a pandemic, of
complementing the testing and diagnosis of the emergent agent, SARS-CoV-2, with
other common endemic respiratory pathogens and other zoonotic pathogens, like CHOV,
in regions where they are of public health concern.

Keywords: SARS-CoV-2, Choclo orthohantavirus, COVID-19, hantavirus pulmonary syndrome, coinfection,
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
emerged in Wuhan, China, at the end of 2019. The clinical
profile is characterized by a short incubation period and
prodromal symptoms as fever and cough. After 3 to 6 days of
symptoms, severe cases may evolve to dyspnea, pneumonia, and
respiratory failure (1). SARS-CoV-2, transmitted from person to
person through aerosols (2), spread around the world and was
declared a pandemic by World Health Organization (WHO) on
March 11, 2020.

In Panama, the first confirmed case of SARS-CoV-2 was
reported on March 9, 2020, with the first fatal case reported one
day after, on March 10. The epidemiological and genomic
analysis of SARS-CoV-2 at the beginning of the epidemic in
Panama, suggested that many lineages were introduced during
February 2020. These variants circulated undetected and
included the emergence of an endemic variant (3). The rapid
increase of positive SARS-CoV-2 cases made the clinical and
laboratory response focus on the COVID-19 pandemic.
However, other pathogens continued causing disease in
Panama. Pathogens that cause symptoms similar to SARS-
CoV-2, if differential diagnoses are not taken into account,
could add to misdiagnosis and un-detection of possible
coinfections. Moreover, coinfections could be of clinical
concern due to the possible increase of morbidity and
mortality, especially in low- and middle-income countries. For
example, cases of coinfection of SARS-CoV-2 and dengue in Asia
(4) and in the Americas (5) have been reported, as well as
coinfection of SARS-CoV-2 with other tropical pathogens like
Orientia tsutsugamushi, causing scrub typhus, a public health
concern in Asian countries. In Panama, dengue (6) as well as
other arboviral and zoonotic diseases, are endemic.

In central Panama, hantavirus pulmonary syndrome (HPS) is
prevalent. HPS is caused by Choclo orthohantavirus (CHOV),
which emerged in 2000 and now is endemic (seroprevalence of
26%) in the central region (Supplementary Figure 1) (7–10).
HPS is mainly transmitted by inhalation of aerosols
contaminated with rodent excreta, as the pigmy rice rat
Oligoryzomys fulvescens (=costaricensis) is the rodent species
reservoir of CHOV (11, 12). After infection, CHOV has an
incubation period between 2 to 6 weeks, with a prodromic phase
that usually lasts no more than five days. The appearance of
cough and tachypnea can develop into respiratory failure (13).
The prodromal phase and respiratory failure caused by SARS-
CoV-2 and CHOV are indistinguishable through the clinical eye,
translating into a challenging diagnosis (14).

Here, we report the epidemiological, clinical, and laboratory
characteristics of a case with coinfection of SARS-CoV-2 and
CHOV at the beginning of the COVID-19 pandemic in Panama,
as the first reported coinfection between coronavirus and
Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; RT-PCR, real time reverse transcription
polymerase chain reaction; HPS, Hantavirus Pulmonary Syndrome; CHOV,
Choclo orthohantavirus.
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orthohantavirus worldwide. This case emphasizes, that the
timely laboratory diagnosis of SARS-CoV-2 infection should
complement the analysis for endemic or co-circulating
pathogens that cause similar symptoms. Furthermore, this
simultaneous laboratory analysis could detect possible
coinfections for an accurate diagnosis and a better
management of patients.
CASE PRESENTATION

A 44-year-old female patient from, province of Veraguas, in
central Panama, presenting with obesity, yet without other
pathological antecedents. On March 8, 2020, the patient
reported gastrointestinal symptoms (vomit and diarrhea)
accompanied by unquantified fever of 9 days of evolution
(Figure 1). After visiting the emergency room of the secondary
care hospital (Ezequiel Abadia Hospital), the patient received
symptomatic outpatient treatment. On March 10, 2020,
urinalysis presented with leukocyturia and bacteriuria; she was
diagnosed with a urinary tract infection, managed with
ciprofloxacin, acetaminophen, and recommendations for
outpatient care. Two days later, on March 12, due to the
persistence of the symptoms, the patient was admitted to the
same hospital for observation. Chest radiography, hematology
test, and Dengue virus serology test were performed with no
relevant findings. On March 13, the patient presented stable vital
signs, temperature (T)=36.8°C, blood pressure (BP)=121/81
mmHg, heart rate (HR)=96 bpm and respiration rate (RR)=18
rpm. Eight hours later, the patient started a persistent cough,
tachypnea (RR=36 rpm), and arterial oxygen saturation of
SaO2=93% (Table 1). The posteroanterior chest radiography
showed a mild peripheral diffuse infiltrate with predominance
in both pulmonary bases (Figure 2A). Wherefore, oxygen
therapy with nasal cannula was started early in the morning
on March 14. The same day in the evening, the anteroposterior
chest radiography showed an increased extent of the infiltrate in
both pulmonary fields (Figure 2B), with worsening clinical
conditions. The arterial gasometry showed SaO2=96%, arterial
partial pressure of oxygen (pO2)=72 mmHg and standard
bicarbonate (sHCO3)=23.9 mmol/L, arterial partial pressure/
fraction of inspired oxygen (PaO2/FiO2)=180. The patient
required intubation and mechanical ventilation and was
transferred, to the secondary care hospital, Luis “Chicho”
Fabrega Hospital. After evaluation by the Pneumology Service
in the emergency room, the patient was admitted directly to the
intensive care unit (ICU). A high-resolution chest computed
tomography reported scattered multifocal opacities of peripheral
bilateral predominance with ground glass images, consolidative
foci, and scarce bilateral pleural effusion (Figures 2C, D). The
patient was hemodynamically compensated with vasopressor
support and maintained under sedoanalgesia coupled to
mechanical ventilation in assisted-control pressure mode. The
patient had feverish peaks that persisted during the following
days. The patient presented transaminases slightly increased
(AST range: 34-74U/L; ALT range: 30-74U/L). However, she
November 2021 | Volume 2 | Article 769330
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FIGURE 1 | Timeline: Clinical, epidemiological and laboratory assays of SARS-CoV-2 and CHOV coinfection case. Schematic timeline with events described from
top to bottom: molecular and serological laboratory assays for SARS-CoV-2 (light blue) and CHOV (green), type of mechanical ventilation applied to the patient,
timeline with the date (year, month, day) and the days of symptoms onset (*) with color coding representing the health institution and clinical management,
epidemiological and clinical case description. Abbreviations used in the figure: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; CHOV, Choclo
orthohantavirus; RT-PCR, real time reverse transcription polymerase chain reaction; PCR, polymerase chain reaction; CLIA, chemiluminescent immunoassay; SIA,
strip immunoblot assay; PRNT80, 80% plaque reduction neutralization test; Ig, immunoglobulin (A, M and G for this case); ICU, intensive care unit; AMV, advance in
mechanical ventilation; COVID-19, coronavirus disease 2019.
TABLE 1 | Vital signs and clinical laboratory analysis during emergency and hospitalization.

Clinical laboratory Ezequiel Abadia Hospital Luis “Chicho” Fabrega Hospital Reference
values

Emergency Observation Intern Medicine
Ward

ICU
Ingress

Diminution of
PEEP

Failed
CPAP

Advance
CPAP

ICU
Egress

Egress to
ward

3/10/2020 3/12/2020 3/14/2020 3/15/
2020

3/25/2020 3/26/
2020

3/28/2020 4/6/
2020

4/10/2020

Vital signs
BP (mm Hg) 120/80 110/80 129/83 142/88 110/63 118/70 107/63 125/92
HR (bpm) 78 80 105 87 101 73 110 82
RR (rpm) 20 18 36 24 14 23 20 18
Pulse Oximetry (%) 96 100 97 97 97 100
Temperature
(Celsius)

37° >38° 38° 37° 37° 37.5° 36.9° 37.6°

Weight (kg) 82 81.5 83 83 85.5 78

Hemogram
Hemoglobin (g/dL) 12.7 11.9 11.7 9 8.1 8.1 9.1 9.7 12.0-16.0
Hematocrit (%) 37.2 34.3 35.2 27.6 24.9 25.7 28.2 29 36-48
WBCs (x103) 4.07 6.84 14 13 14.3 7.6 10 7.5 4.0-10.0
Neutrophils (%) 79.1 86.3 79.4 77.9 84.2 68.7 66.3 59.3 50-80
Lymphocytes (%) 0.7 0.7 18.6 11.9 7.9 18.8 23.5 29.2 17-40
Eosinophils (%) 0 0 0 1.3 1.5 3.1 3.3 4.1 0.9-6.0
Platelets (x103) 158 154 216 676 667 740 602 364 140-400

Chemistry
Glucose (mg/dL) 127 148 172 118 105 126 74-106
Creatinine (mg/dL) 0.84 0.6 0.5 0.5 0.5 0.4 0.4 0.7-1.2
BUN (mg/dL) 0.71 5 13 18 13 7 6 7.0-17.0
Na (mmol/L) 142 144 142 144 144 142 144 137-145
K+ (mmol/L) 3.3 3.4 4.1 4.5 5 4.6 3.8 3.5-5.1
Cl- (mmol/L) 112 102 107 109 106 108 98-107
Ca2+ (mg/dL) 8 9 8.6 9 10.1 8.4-10.2
P3+ (mg/dL) 2.7 4.7 3.2 3.7 3.3 2.5-4.5

(Continued)
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did not present thrombocytopenia (Platelets range: 154-740x103)
nor hemoconcentration (Hematocrit range: 24.9-37.2%).
Other clinical laboratory analyses showed no relevant findings
(Table 1).

Once in ICU, the patient was managed as a presumptive case
of HPS, considering the clinical symptoms and that the patient
lived in an endemic region for CHOV (Supplementary Figure 1)
and reported possible contact with the reservoir Oligoryzomys
costaricensis. As Panama already had confirmed cases of
COVID-19 since March 9, the clinical personnel took
nasopharyngeal swab and sera samples for SARS-CoV-2 and
CHOV laboratory diagnosis, respectively (Supplementary
Material and Methods). The molecular tests confirmed the
coinfection by SARS-CoV-2 6 days after symptom onset (first
Frontiers in Tropical Diseases | www.frontiersin.org 4
positive RT-PCR on March 14) and then by CHOV (positive
Nested PCR on March 17) (Figure 1).

The patient developed specific antibodies against SARS-CoV-2,
which were detected by chemiluminescent immunoassay (IgA/
IgM >0.6 and IgG >1.6 cutoff) on March 17, with antibody
increase during the next 20 days. The neutralization activity of
these antibodies was analyzed by plaque reduction neutralization
test (PRNT), and was detected on March 19, five days only after
SARS-CoV-2 real time reverse transcription polymerase chain
reaction (RT-PCR) detection. For antibodies detection against
CHOV, enzyme immunoassay (EIA; Focus Diagnostics) and
strip immunoblot assay (SIA) (15) were performed. IgM by EIA
was not detectable (IgM >1.1 cutoff), neither by SIA. IgG by SIA
was detected on April 6. The patient took longer to produce
TABLE 1 | Continued

Clinical laboratory Ezequiel Abadia Hospital Luis “Chicho” Fabrega Hospital Reference
values

Emergency Observation Intern Medicine
Ward

ICU
Ingress

Diminution of
PEEP

Failed
CPAP

Advance
CPAP

ICU
Egress

Egress to
ward

Mg2+ (mg/dL) 2 2.1 2.4 2.2 1.9 1.6-2.3
GGT (U/L) 193 65 12.0-43.0
AST (U/L) 50 74 49 35 34 14.0-36.0
ALT (U/L) 30 40 74 53 55 9.0-52.0
LDH (U/L) 380 440 594 313-618
Albumin (g/dL) 3.7 3.5 4 (03/24/20) 4.4 3.5-5.0
Total bilirubin (mg/dL) 0.8 0.2-1.3
DBIL/IBIL (mg/dL) 0.30/

0.50
0.0-0.3/0.0-

1.1
ALP (U/L) Normal 94 38.0-126.0
Amilase (U/L) 105 28.0-100.0
PCR (mg/dL) 13.7 0.0-10.0
Procalcitonin (ng/mL) <0.05 0.0-0.05

Urinalysis
Bacteriuria + – Negative
Urine leukocyte
count (/hpf)

+ 36 0-5

Urine erythrocyte
count (/hpf)

19 0-5

Arterial blood gas
pH 7.54 7.48 7.39 7.43 7.43 7.56 7.35-7.45
PaCO2 (mmHg) 28 27 43 43 43 28 35-45
PaO2 (mmHg) 72 203 124 118 103 202 60-100
sHCO3 (mmol/L) 23.9 20.1 27.1 27.9 29.2 25.1 22-26
EB (mmol/L) 1.4 -3.4 2.1 4.2 4.9 2.9 ±2.0
SaO2 (%) 96 100 98 99 98 100 94-99
Lactate (mmol/L) 0.8 0.9 1.8 0.9 0.7 0.9 0.5-1.0
Oxygen therapy NC MV MV MV MV NC
FiO2 % 40 50 35 30 30 28

Coagulation test
PT (sec) 13.9 14.1 11.3-14.5
PTT (sec) 29.2 27.2 24-34
INR 1.02 1.12 0.8-1.2
Fibrinogen (mg/dL) 401 559 200-400
November 2021 | Volume 2 |
ICU, Intensive care unit; PEEP, Positive End-Expiratory Pressure; CPAP/MV, Continuous positive airway pressure/mechanical ventilation; BP, Blood pressure; HR, Hearth rate; RR,
Respiratory rate; WBCs, White blood cells; BUN, Blood urea nitrogen; GGT, Gamma-glutamyl transferase; AST, Aspartate aminotransferase; ALT, Alanine transaminase; LDH, Lactate
Dehydrogenase; TBIL, total bilirubin; DBIL, Direct bilirubin; IBIL, Indirect bilirubin; ALP, Alkaline phosphatase; CRP, C-reactive protein; PaCO2, Arterial partial pressure of carbon dioxide;
PaO2, Arterial partial pressure of oxygen; sHCO3, Standard bicarbonate; EB, Excess base; SaO2, Arterial oxygen saturation; Oxygen therapy= NC, Nasal cannula, MV, Mechanical
ventilation; FiO2, Fraction of inspired oxygen; PT, Prothrombin time; PTT, Partial thromboplastin time; INR, International normalized ratio.
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antibodies against CHOV; indeed, specific IgG were detected 20
days after its Nested PCR confirmation (Figure 1 and
Supplementary Table 1).

Since her admission, antibiotic therapy was given with
levofloxacin (750 mg intravenous/day, for 10 days) and
piperacillin/tazobactam (4.5 g/six hour, for 17 days), in
addition, after SARS-CoV-2 laboratory confirmation,
hydroxychloroquine (400mg/day, for 9 days) was started on
March 16, according to national the treatment protocol used at
that time for COVID-19 (Figure 1) (16). The patient did not
develop liver, kidney, or cardiovascular failure. With favorable
clinical, gasometrical, and radiological evolution, the ventilatory
support was diminished to minimum requirements on the
following days. On March 28, the weaning from sedation was
started, and the advancement to spontaneous mode continuous
positive airway pressure with pressure support (CPAP+PS) was
made with good tolerance. After analyzing the clinical variables
and respiratory maneuvers, we proceeded with the endotracheal
extubating protocol on April 2. Oxygen therapy with a partial
Frontiers in Tropical Diseases | www.frontiersin.org 5
rebreathing reservoir mask FiO2 60% was well tolerated. She
continued hemodynamically stable, without increased respiratory
effort and SaO2=98-99%, with adequate oxygenation and good
gasometrical control (Kirby index or PaO2/FiO2=348). This
evolution led to reduced oxygen supply, and it was decided to
transfer the patient to the women’s COVID-19 ward on April 6
(Figure 1 and Table 1).

During the patient´s hospitalization in the ward, the patient
remained without changes in her condition, tolerating ambient
air, wandering, with oral diet, afebrile, hemodynamically stable,
and without respiratory distress. A control nasopharyngeal swab
and PCR for SARS-CoV-2 was performed on April 9, before
hospital discharge. However, the patient persisted positive by
PCR. After completing antibiotic therapy, the patient was
transferred to a nearby hospital-hotel in Santiago on April 10.
The next PCR-control swab was performed on April 23, persisted
positive; the patient persisted in the hospital-hotel isolation
room. Other swabs were repeated on May 7 and 11, both
resulted negative, therefore the patient was discharged from
A B

DC

FIGURE 2 | Pulmonary images of the patient with HPS and COVID-19. Taken in the intern medicine ward. (A) Posteroanterior chest radiography. Mild peripheral diffuse
infiltrate of predominance in both pulmonary bases (black arrows). No cardiomegaly, no pleural effusion. (B) Anteroposterior chest radiography. Increased extent of the
radiographic infiltrate in both pulmonary fields (black arrows). No pleural effusion. A rapid progression of the infiltrate is observed in 10 hours of evolution compared to
previous radiography. (C) Coronal chest high-resolution simple computed tomography. Scattered multifocal opacities of peripheral predominance in both lungs (white
arrows). Isolated consolidated areas (black arrows). (D) Axial chest high-resolution simple computed tomography. Tarnished glass-like opacities in anterior pulmonary
location (white arrows) and consolidated areas in posterior pulmonary location (black arrows). Mild bilateral basal posterior pleural effusion (black arrows).
November 2021 | Volume 2 | Article 769330
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the hospital-hotel on May 15, after 62 intra-hospital days
(Figure 1). During the one-year follow-up, the patient had no
sequelae and still has detectable antibodies against SARS-CoV-2
and CHOV and antibody neutralization activity against SARS-
CoV-2 (Figure 1 and Supplementary Table 1).

Both viruses were sequenced to complete the molecular
diagnosis and genetically characterize the viruses (Supplementary
Material and Methods). The SARS-CoV-2 complete genome
was sequenced to perform phylogenetic analyses (GISAID:
EPI_ISL_1502818). The phylogenetic tree revealed that early in
the pandemic sequences from Panama were grouped in different
clades, suggesting several introductions of the virus during this
period. Even if various clades were co- circulating, most of the initial
cases were caused by the 19B clade-related sequences, in contrast
with the rest of the world, where the dominant clades were 20A
and 20B (Figure 3A and Supplementary Table 2) (3). Additionally,
the genome obtained from this coinfection case grouped with
SARS-CoV-2 samples collected from distant areas of the
country, suggesting that the virus was already disseminated
through Panama territory (Figure 3B). The sequencing of the
small segment (S segment) of CHOV (GenBank: OK393713),
which encodes the N protein, confirmed that the virus
responsible for this case belongs to the same clade of the
endemic virus previously reported in Panama (Figure 3C and
Supplementary Table 3) (9, 17).
Frontiers in Tropical Diseases | www.frontiersin.org 6
DISCUSSION

This clinical case documented in Panama is the first
confirmed coinfection between a coronavirus, SARS-CoV-2,
and an orthohantavirus, CHOV, worldwide, according to the
definition of coinfection established by the CDC (18). The
central-west region of the country is considered a hantavirus-
endemic area (10, 19). Since 2000, more than 250 cases have been
reported with a cumulative fatality rate of 17% (20). As the
patient studied in this clinical case was from that region, the
clinicians’ first suspicion was HPS. The initial clinical history of
this patient is compatible with HPS, including the urinalysis with
leukocyturia and hematuria, as urinary tract infection has been
described in the prodromal phase of this viral disease as well as in
COVID-19 disease (21, 22). The patient presented transaminases
slightly increased. However, the patient did not present
thrombocytopenia nor hemoconcentration, which have been
described during severe CHOV disease (10, 21). The patient
had a rapid evolution towards an acute respiratory failure (24-48
hours after hospitalization) which is common with CHOV and
other hantavirus infections (13, 23). On the other hand,
respiratory failure generally presents later during COVID-19
disease progression (24). The decision to undertake differential
diagnosis between SARS-CoV-2 and CHOV viruses was based
on the March 9, 2020, epidemiological report, which included the
A B C

FIGURE 3 | Phylogenetic trees of the SARS-CoV-2 and CHOV sequences from Panama and worldwide. (A) SARS-CoV-2 phylogenetic tree showing 6610
genomes sampled between December 2019 and April 2020, the analysis grouping the sequences in clades (name indicated at the base of each clade branch) was
restricted to samples submitted to GISAID until October 2020 (grey: worldwide, blue: Panama). (B) SARS-CoV-2 subtree showing samples from the 19B clade that
forms the cluster of transmission associated to the coinfection case (bigger circle with the sample location in blue). The sample locations at the level of health region
within Panama are indicated. For acknowledgment table see Supplementary Data. (C) Phylogenetic tree of the orthohantavirus, including CHOV sequence with
GenBank accession number OK393713 (blue) with. Maximum likelihood tree was drawn using worldwide reference sequences of orthohantavirus and rooted to Imji
virus reference strain, black circles indicates nodes with ultrabootstrap values greater the 50%. All information about GISAID and Genbank accession numbers for
the SARS-Cov-2 and orthohantavirus reference sequences, respectively, are listed in Supplementary Data.
November 2021 | Volume 2 | Article 769330
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first confirmed death caused by COVID-19 in Panama (3); this
was 5 days before the patient´s development of acute
respiratory failure.

It was crucial to confirm coinfection in this clinically complex
case using molecular biology; diagnostic confirmation was
obtained for SARS-CoV-2 and Choclo orthohantavirus. During
the first months of the pandemic, Panama´s national protocol for
COVID-19 management required two consecutive negative PCR
for SARS-CoV-2 in patients at least 24 hours apart after >14 days
of symptom onset, as a requirement for hospital discharge (16,
25). This was because SARS-CoV-2 PCR can be positive 46 days
after infection (26), and at that moment of the COVID-19
pandemic, it was not clear if the detected viral genome
corresponded to infectious virus (27, 28).

The humoral response to SARS-CoV-2 was detected before the
response to CHOV. The rapid antibody response to SARS-CoV-2
seen in this patient was similar to what has been reported
previously for COVID-19 (29). Generally, after hantavirus
infection, virus-reactive IgM is rapidly generated in the acute
phase, whereas IgG antibody titers rise more slowly in the
convalescent phase (10, 30, 31). In contrast, in our patients’ sera,
IgM antibodies against CHOV were not detected during the acute
or convalescent phases, nonetheless, the presence of IgG
antibodies was detected 30 days after the onset of symptoms. It
is unknown if this could be due to the coinfection and the already
activated response against SARS-CoV-2 (18). Neutralizing
antibodies against SARS-CoV-2 were detected 11 days after the
onset of symptoms in our patient; their titer decreased after one
month and was high again 12 months after infection. It has been
reported that around half of the patients with neutralizing activity
lose or decrease the response after one month (32). After this
initial rapid decrease, the neutralizing activity can persist for up to
6 months (33). For both viruses, the antibody response remained
detected one year later, suggesting an extended humoral response
as it has been reported previously (31).

The management of the patient in the early phase of the disease
was done following Panama’s clinical protocol for CHOV
infection and the indications at that moment for COVID-19
disease treatment (16, 20). Hydroxychloroquine was used as
indicated, according to the evidence available at the beginning of
the SARS-CoV-2 pandemic (16). However, since June 2020 WHO
no longer recommended hydroxychloroquine due to the lack of
robust evidence to support its use in COVID-19 management (34,
35). The patient was not treated with immunomodulators,
corticosteroids, or ivermectin, which were other treatments been
recommended worldwide for COVID-19 management, even if
some of them, like ivermectin, have proved not useful (35).

The challenge in this patient is to know the precise moment
when she was infected by each pathogen, considering that the
incubation period to develop COVID-19 is from 2 to 21 days after
SARS-CoV-2 infection and for hantavirus disease from 2 to 6
weeks after CHOV infection (13). Previous findings suggest that
SARS-CoV-2 was already circulating in Panama by early-February
2020 (3). Thus, the clinical symptoms and the epidemiological
studies could support the hypothesis that SARS-CoV-2 could have
infected the patient between late February and the beginning of
March 2020. The infection could have occurred also in the Soná
Frontiers in Tropical Diseases | www.frontiersin.org 7
District, where the patient lived. Additionally, the complete
genome analysis evidenced a wide distribution of the virus in
Panama, suggesting an intense cryptic SARS-CoV-2 transmission
in the country that does not allow to precisely determine the
moment or the possible place the infection occurred. The other
important question is the moment of infection with CHOV. The
patient living in the CHOV endemic area, commented that her
next-door neighbor has bales of hay near the house, which may
create a favorable condition for Oligoryzomys fulvescens
(=costaricensis), the host reservoir of CHOV (11, 19).

This patient was case number 52 diagnosed with COVID-19
in Panama. Although Panama has over 20 years of experience in
Hantavirus disease management, while COVID-19 is an
emerging viral infection, the patient survived both pathologies
with no long-term sequelae. PCR tests confirmed the diagnosis of
coinfection, both agents were sequenced, and the presence of
specific antibodies against SARS-CoV-2 and CHOV were
determined. These antibodies were still detectable 12 months
later. The detection of this coinfection between a new emergent
virus and an endemic virus that emerged more than 20 years ago
poses critical challenges in public health and differential
diagnoses in the country. Other zoonoses in Panama that may
require differential diagnosis with SARS-CoV-2 include
Leptospirosis (36, 37) and Rickettsiosis (38).

The limitations of this clinical case description are the use of
non-WHO-approved treatment like hydroxychloroquine and
the fact that soluble cytokines were not analyzed in the patient
because this was not part of the clinical management protocol at
that time. The COVID-19 cluster analysis of this case allowed to
show that the patient possibly transmitted SARS-CoV-2 at least
to six direct contacts, thus it was not able to determine who
infected her and the exact time of infection. Epidemiological
cluster studies to detect other CHOV cases in the family and the
neighbors were not done, nor capture of rodent reservoirs, due to
the COVID-19 quarantine during which non-COVID-19 related
field studies were forbidden. Moreover, the detection of
neutralizing antibodies against CHOV could not be done as
there is no protocol implemented yet. Finally, only a region of
CHOV was sequenced because the viral load was too low for
amplification of the whole S segment and no reagents were
available for sequencing the complete genome. Nevertheless, this
had no direct effect on the diagnosis and management of
the patient.

During the pandemic in Arizona USA, Wilson et al. (2021)
confirmed two fatal cases of HPS suspected of death by
infection with SARS-CoV-2; one of them with a positive for
SARS-CoV-2 RT-PCR from trachea and lung tissues without
immunohistochemical assay positive result (14). This
demonstrates carrying out highly specific and sensitive
molecular diagnosis, to differentiate between infections with
similar symptoms in a timely manner, during the acute phase
of illness. As the production of antibodies is detected several days
later, and some infections could cause cross-reactive issues
during serological analyses (4, 39), diagnosis cannot depend
solely on antibody detection. The use of new molecular
diagnostic tools that can detect various pathogens at once is
necessary. Therefore, molecular diagnostic capacity and genomic
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surveillance need to be increased throughout Central America to
detect and alert about any eventual new emerging virus and
increase rapid outbreak management.
PATIENT PERSPECTIVE

The patient assures that she fought for her life and was able to
live thanks to the extraordinary work of the doctors and divine
intervention; she was kept for 23 days in the ICU and 60 days in
ward/hotel hospitalization fighting the two viruses.
DATA AVAILABILITY STATEMENT

The SARS-CoV-2 sequence of this study is available at GISAID
(www.gisaid.org); accession number is EPI-ISL_1502818. The
CHOV sequence of this study will be available at NCBI-GenBank
(https://www.ncbi.nlm.nih.gov/genbank/); accession number
is OK393713.
ETHICS STATEMENT

Written informed consent was obtained from the individual for
the publication of all the data included in this article.
AUTHOR CONTRIBUTIONS

SH, HN, EB, RC, ST, AC, IO, AJ, and CM attended the patients,
collected the samples, and contributed to data acquisition. JRS,
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Concepción ML, et al. Stable Neutralizing Antibody Levels 6 Months After
Mild and Severe COVID-19 Episodes. Med (2021) 2(3):313–320.e4. doi:
10.1016/j.medj.2021.01.005

34. Tang LK, Hevia E, Pachar M, Marquez F, Quintero K, Prado E, et al.
Recomendaciones de Atención Intrahospitalaria de Pacientes COVID-19.
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Pasado y Presente de las Rickettsiosis en Panamaw. Panama: Instituto
Conmemorativo Gorgas de Estudios de la Salud (2018). Available at:
https://www.researchgate.net/publication/328639163_PASADO_Y_
PRESENTE_DE_LAS_RICKETTSIOSIS_EN_PANAMA.

39. Woodford J, Sagara I, Dicko A, Zeguime A, Doucoure M, Kwan J. SARS-CoV-
2 Seroassay Performance and Optimization in a Population With High
Background Reactivity in Mali. J Infect Dis (2021) 6:jiab498. doi: 10.1093/
infdis/jiab498
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Hesse, Nuñez, Salazar, Salinas, Barrera, Chong, Torres, Cumbrera,
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