
The COVID-19 pandemic has affected public health 
investigation and response activities for other ill-

nesses; COVID-19 has particularly challenged the 
diagnosis of respiratory illnesses because of similar 
clinical manifestations. Hantavirus pulmonary syn-
drome is a rare disease transmitted predominantly 
by infected rodents shedding the virus through sa-
liva, urine, and feces. Sin Nombre virus is the strain 
of hantavirus identified in 1993 in deer mice (Pero-
myscus maniculatus) in the Four Corners region of the 
southwestern United States; in total, 81 human cases 
of hantavirus have been documented throughout Ari-
zona through 2019 (1–3).

In March 2020, deaths of a mother and son liv-
ing both on and around the White Mountain Apache 

Reservation in Arizona, USA, just outside of the Four 
Corners region, were reported to the Arizona Depart-
ment of Health Services (ADHS). On September 15, 
2020, the Centers for Disease Control and Prevention 
(CDC) notified ADHS that the mother tested positive 
for hantavirus, and the son was confirmed to be co-
infected with both hantavirus and SARS-CoV-2. 

The Study
Patient 1 (P1) was a 25-year-old Native American 
woman with an unremarkable medical history who 
lived at her primary residence (residence A), a four-
plex apartment on the White Mountain Apache Res-
ervation, until her death in March 2020. She often 
visited her extended family at residence B, a single-
family home 120 miles away, in eastern Arizona. P1 
reported progressive shortness of breath beginning 
on March 12 (Figure 1). She stayed at a casino dur-
ing March 13–17 and cleaned her apartment during 
March 17–18.

On March 18, P1 was transported to the hospi-
tal by emergency medical services (EMS) reporting 
shortness of breath, abdominal pain, and hemoptysis. 
In the emergency department (ED), she was febrile 
(temperature 101°F), tachypneic, and hypoxic; she 
was later intubated. Asphyxiation was initially sus-
pected because of mixing cleaning chemicals. A chest 
radiograph showed diffuse bilateral infiltrates and an 
acute respiratory distress syndrome pattern. The ED 
physician documented that the radiograph looked 
suspicious for hantavirus, COVID-19, or diffuse bac-
terial pneumonia. ED physicians also diagnosed mul-
tiorgan system failure, metabolic acidosis, and meta-
bolic encephalopathy. P1 was transferred to another 
hospital for a higher level of care; she was placed on 
extracorporeal membrane oxygenation. She died on 
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We identified 2 fatal cases of persons infected with hanta-
virus in Arizona, USA, 2020; 1 person was co-infected 
with SARS-CoV-2. Delayed identification of the cause of 
death led to a public health investigation that lasted ≈9 
months after their deaths, which complicated the identifi-
cation of a vector or exposure.



DISPATCHES

March 19. Antemortem nasopharyngeal swab real-
time reverse transcription PCR (rRT-PCR) testing for 
SARS-CoV-2 and respiratory viral panel testing for 
influenza A/B were both negative (4).

Patient 2 (P2) was the 11-year-old Native Ameri-
can male child of P1 and had an unremarkable medi-
cal history. He split time between residence A (sec-
ond half of February 2020) and residence B (March 
2020); he visited residence A at least 1 time in March.

On the morning of March 20, P2 was reportedly 
feeling unwell for 2 days and was warm but afebrile, 
for which he was given aspirin (dose unknown). He 
vomited later that day and had difficulty sleeping 

that evening, for which he was given 2 diphenhydr-
amine/acetaminophen tablets (dose unknown). He 
awoke during the night because of difficulty breath-
ing and collapsed out of his bed. He became unre-
sponsive. EMS subsequently transported him to the 
ED, where he was pronounced dead on March 21.

The county medical examiner performed an au-
topsy on P2 on March 23. Postmortem nasopharyn-
geal swab testing for SARS-CoV-2 was rRT-PCR neg-
ative. During the autopsy, the examiner suspected an 
underlying pulmonary process contributing to his 
cause of death. Multiple tissues were sent to CDC for 
analysis; samples were received on May 15. On July 1, 
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Figure 1. Timeline of illness course, laboratory testing, and public health investigations for 2 patients who died of hantavirus infection, 
Arizona, USA. Asterisk (*) indicates reported information that applies to both cases. IDPB, Infectious Diseases Pathology Branch, 
CDC (National Center for Emerging and Zoonotic Infectious Diseases, Division of High-Consequence Pathogens and Pathology); IHC, 
immunohistochemical testing; CDC, Centers for Disease Control and Prevention; NP, nasopharyngeal; rRT-PCR, real time reverse 
transcription PCR; TGen, Translational Genomics Research Institute; VSPB, Viral Special Pathogens Branch, CDC (National Center for 
Emerging and Zoonotic Infectious Diseases, Division of High-Consequence Pathogens and Pathology). 
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samples of P2’s lung and trachea tissues tested posi-
tive for SARS-CoV-2 by rRT-PCR (5), despite negative 
immunohistochemical results.

Because of the epidemiologic link between the 2 
cases and unknown etiology of death for P1, tissues 
from P1 were submitted to CDC and received on July 
28. Pathologic findings for both cases were similar; 
however, P1 did not have evidence of SARS-CoV-2. 

The pathologist observed findings that resembled 
hantavirus infection, which were later confirmed by 
positive IHC assay on liver and kidney tissues on 
September 15 (5). Because of resemblance between 
tissues of the 2 case-patients, P2’s tissues were reex-
amined, and hantavirus IHC results were positive 
on lung and kidney tissues. The county medical ex-
aminer later determined hantavirus to be the major 
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Figure 2. Phylogenetic tree for Orthohantavirus short (S) segment of samples from 2 patients who died of hantavirus infection, Arizona, 
USA. We inferred the phylogenetic history of full-length Sin Nombre virus S segment using maximum-likelihood estimation. Non–Sin 
Nombre virus species, Black Creek Canal virus, and Bayou virus are included as outgroups. Bold indicates isolates from this study; 
squares indicate those from patient 1 and circles those from patient 2. Numbers at nodes indicate bootstrap support >70% after 1,000 
iterations. Phylogenetic trees were made using a nucleotide alignment of Orthohantavirus S segments. GenBank accession numbers 
are provided. Scale bar indicates nucleotide substitutions per site. Additional phylogenetic trees for Orthohantavirus medium and large 
segments of Sin Nombre virus are in the Appendix (https://wwwnc.cdc.gov/EID/article/29/8/22-1808-App1.pdf).
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contributing factor to P1 and P2’s deaths. Hantavirus 
genomes from P1 and P2 were closely related, indi-
cating a common source of exposure (Figure 2). We 
submitted hantavirus sequences from the cases to 
GenBank (accession nos. ON571574–93).

On September 15, CDC alerted ADHS of the 2 
positive hantavirus results. The next day, a call was 
held with federal, state, and local partners to coordi-
nate a collaborative case investigation. On October 5, 
the Indian Health Service (IHS) conducted an envi-
ronmental investigation of residence A and collected 
16 human blood samples from 17 residents living in 
the fourplex, including household members of P1 
and P2. Hantavirus serology assays for 16 human 
samples all tested negative for hantavirus IgM and 
IgG (6). IHS provided hantavirus prevention public 
service announcements to local health officials; the 
announcements were later disseminated to the com-
munity through newspaper and radio.

We conducted an environmental investigation 
because both residence A and residence B displayed 
potential for deer mice habitat. Trapping conducted 
in residence A confirmed the presence of rodents by 
identifying house mice (Mus musculus) in 4 of 6 snap 
traps; we did not test the mice because that species 
is not a known reservoir for hantavirus. Unfortu-
nately, we were not able to conduct trapping at resi-
dence B. All partners involved mutually decided to 
end the investigation.

The time interval from symptom onset to diag-
nosis was ≈6 months. Despite the local ED physician 
suspecting hantavirus in P1, medical records showed 
no evidence of hantavirus testing ordered at either 
hospital. Local health and medical staff were focused 
on the response to initial cases of SARS-CoV-2 in the 
region. The time between postmortem tissue submis-
sion and subsequent sample testing contributed to 
the delay. Testing delays might have resulted from 
CDC requirement of confirmatory diagnostic testing 
on all confirmed or suspected COVID-19 deaths (5). 
Hantavirus was identified 6 weeks after P2’s tissue 
examination; P1’s lung tissue resembled that of P2 
but tested negative for SARS-CoV-2. Delays in case 
identification caused the environmental investiga-
tion to be conducted 7 months after disease onset. 
The rodent population might have changed during 
that period, preventing identification of the vector 
and exposure.

Conclusions
In the cases we report, hantavirus infection was not 
promptly detected when patients sought medical care 
or during postmortem examination. To aid in the di-

agnosis of hantavirus, we recommend adoption of the 
5-point hantavirus screening tool for areas outside the 
Four Corners region (7,8). The COVID-19 pandemic 
likely played a role in delayed detection of hantavi-
rus for these cases because of its effects on aspects of 
healthcare and public health (9–12). Hantavirus edu-
cation should continue to be a priority in healthcare 
facilities in disease-endemic regions, including on 
tribal lands. Community education can help to mini-
mize the impact of hantavirus cases by offering tools 
to prevent exposure and encourage seeking prompt 
medical care.

During pandemic response, public health part-
ners should continue to monitor and respond to other 
pathogens. Medical providers should consider both 
alternative and concurrent diagnoses in the presence 
of COVID-19–like illness, including rare pathogens 
such as hantavirus. Timely investigations of high-
consequence illnesses will enable public health orga-
nizations to take prompt action.
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etymologia revisited
Streptomycin
strep′to-mi′sin

In the late 1930s, Selman Waksman, a soil microbiologist working at 
the New Jersey Agricultural Station of Rutgers University, began a 

large-scale program to screen soil bacteria for antimicrobial activity. By 
1943, Albert Schatz, a PhD student working in Waksman’s laboratory, 
had isolated streptomycin from Streptomyces griseus (from the Greek 
strepto- [“twisted”] + mykēs [“fungus”] and the Latin griseus, “gray”).

In 1944, Willam H. Feldman and H. Corwin Hinshaw at the Mayo 
Clinic showed its efficacy against Mycobacterium tuberculosis. Waksman 
was awardeda Nobel Prize in 1952 for his discovery of streptomycin, 
although much of the credit for the discovery has since been ascribed 
to Schatz. Schatz later successfully sued to be legally recognized as a 
co-discoverer of streptomycin.
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