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ABSTRACT

Objectives: Navajo Nation is disproportionately affected by hantavirus cardiopul-
monary syndrome (HCPS), a severe respiratory disease that can quickly progress to respi-
ratory failure and cardiogenic shock. The initial signs and symptoms of HCPS are indistin-
guishable from coronavirus disease 2019 (COVID-19). However, this distinction is critical,
as the disease course differs greatly, with most patients with COVID-19 experiencing mild
to moderate illness. We set out to determine if the evaluation of peripheral blood smears for
five hematopathologic criteria previously identified as hallmarks of hantavirus infection, or
“the hantavirus 5-point screen,” could distinguish between COVID-19 and HCPS.

Methods: The hantavirus 5-point screen was performed on peripheral blood smears from
139 patients positive for COVID-19 seeking treatment from Tséhootsooi Medical Center and
two Emory University hospitals.

Results: Of these 139 individuals, 136 (98%) received a score of 3/5 or below, indicating
low suspicion for HCPS. While thrombocytopenia, one of the key signs of HCPS, was seen in
the patients with COVID-19, it was generally mild and remained stable on repeat specimens
collected 12 to 24 hours later.

Conclusions: Given these findings, the 5-point screen remains a useful rapid screening
tool for potential HCPS cases and may be useful to distinguish early HCPS from COVID-19
in HCPS endemic regions.

INTRODUCTION

Hantavirus cardiopulmonary syndrome (HCPS) due to Sin Nombre virus is a severe respi-
ratory disease with average case fatality rates as high as 35%." HCPS was first identified in
1993 in the Four Corners region of the United States—an area largely belonging to Navajo
Nation where Utah, Colorado, Arizona, and New Mexico intersect.” HCPS is a rare disease,
with a 20-year surveillance period reporting 624 cases throughout the United States.’ How-
ever, Navajo Nation continues to be disproportionately affected by HCPS, with Navajos
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KEY POINTS

e Hantavirus cardiopulmonary
syndrome (HCPS) and coronavirus
disease 2019 (COVID-19) can
be very difficult for clinicians to
distinguish upon initial signs and
symptoms.

e Based on peripheral blood
smears, patients with COVID-19
do not demonstrate the elevated
hemoglobin, left shift, and
immunoblasts and plasma cells
more than 10% of lymphoid cells
signs characteristic of HCPS.

e The low scores that patients
with COVID-19 receive on the
hantavirus 5-point screen indicate
this tool can be used as a rapid
screen to differentiate between the
two diseases in HCPS endemic
regions.
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making up 1.7% of the US population but accounting for 18% of all
HCPS cases.*

HCPS begins with a nonspecific febrile prodrome.® This initial
phase lasts 2 to 6 days and is characterized by fever, malaise, and
myalgias.”® Gastrointestinal signs and symptoms have also been
reported, including nausea, vomiting, and diarrhea.”® The disease
quickly progresses to the cardiopulmonary phase, characterized
by the abrupt onset of cough, shortness of breath, and hypoxia.*®
These symptoms are caused by the sudden development of severe
noncardiogenic pulmonary edema and cardiogenic shock.”® With-
out immediate medical intervention, most deaths occur within 24
to 48 hours from onset of the cardiopulmonary phase.”® However,
early initiation of extracorporeal membrane oxygenation (ECMO)
has been shown to improve survival in severe HCPS.” Due to the ag-
gressive nature of the disease, early clinical suspicion, timely diag-
nosis, and proactive clinical management are critical to saving the
lives of patients with HCPS.

Current diagnostic options for hantavirus are limited to real-
time reverse transcription polymerase chain reaction (rRT-PCR) or
serology for immunoglobulin M and immunoglobulin G. However,
these tests are not widely available and can take considerable time
to return results. To address this problem, the University of New
Mexico Health Sciences Center developed a rapid screening tool in
2001 with the aim of quickly classifying patients with suspected
hantavirus into low, intermediate, or high risk for HCPS." The
screen is based on the five criteria the hematopathologists identi-
fied as hallmarks of HCPS: thrombocytopenia, elevated hemoglo-
bin/hematocrit, a left shift on neutrophils, absence of significant
toxic granulation of the neutrophils, and immunoblasts and plasma
cells more than 10% of lymphoid cells.”® The “5-point” screen is
most accurate when the specimen was collected during the car-
diopulmonary phase.” In addition, the thrombocytopenia seen in
patients with hantavirus tends to be profound, with platelet counts
decreasing more than 20 x 10” pL per 12 hours.® A decade-long ret-
rospective review confirmed that individuals with hantavirus score
high on the 5-point screen, receiving an average score of 4.22 out
of 5." The review also found that by using a score cutoff of 4 out of
5, the screen demonstrated a sensitivity of 89% and a specificity of
93% for HCPS, thus validating its use as a rapid screen for HCPS."
Therefore, in areas endemic for hantavirus, the 5-point screen is a
useful tool to quickly screen for potential HCPS cases where rapid
commercial diagnostic tests are not available and would take time
to return when critical decisions regarding patient care need to
be made.

Navajo Nation has also been heavily affected by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), a highly trans-
missible novel zoonotic virus that emerged in 2019 and causes
coronavirus disease (COVID-19).” In May 2020, Navajo Nation sur-
passed New York and New Jersey as the highest per-capita corona-
virus infection rate in the United States.” The signs and symptoms
of acute COVID-19 overlap with those of HCPS. As a result, in Navajo
Nation and other regions endemic for HCPS, it may be difficult to
clinically distinguish early symptoms of COVID-19 and HCPS from

each other."” However, this distinction is critical, as the expected
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clinical courses differ greatly. Most healthy adults with COVID-19
experience mild to moderate disease, and severe disease tends to
develop over days to weeks.” In contrast, the clinical course for
those with HCPS is more severe and often develops within hours,
with most requiring urgent intensive care treatment and some
requiring ECMO. Given the ongoing COVID-19 pandemic, a screen-
ing tool that could rapidly differentiate between the two disease
entities is critical for preventing excess deaths due to hantavirus
disease in hantavirus endemic regions. Therefore, we sought to
determine whether the hantavirus 5-point screen could be used to
differentiate between HCPS and COVID-19.

MATERIALS AND METHODS

This project was conducted at three sites: Tséhootsooi Medical
Center (TMC), Emory University Hospital, and Emory University
Hospital Midtown. This activity was reviewed by the Centers for Di-
sease Control and Prevention (CDC) and was conducted consistent
with applicable federal law and CDC policy (see, eg, 45 C.F.R. part
46, 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C.
§3501 et seq.). It was also reviewed by ethical committees at TMC
and Emory and received the determination of nonresearch at TMC
and exempt research at Emory. Located in Fort Defiance, Arizona, in
Navajo Nation, TMC is a 56-bed Public Law 93-638 self-determined
hospital serving Navajo Nation. TMC’s 25-bed emergency depart-
ment has 40,000 visits annually. The closest facility with ECMO
capability is the University of New Mexico Hospital in Albuquerque,
New Mexico, which is 170 miles away. In May 2016, TMC imple-
mented the hantavirus 5-point screen. To date, 189 screens have
been performed and four cases of hantavirus disease have been
identified (Tarrah T. Oliver, unpublished data, 2021).

Emory University Hospital and Emory University Hospital
Midtown are, respectively, 751- and 529-bed academic teaching
hospitals located in Atlanta, Georgia, and make up the two largest
hospitals within the Emory Healthcare System of metropolitan At-
lanta. Emory University Hospital’s 36-bed emergency department
has 36,000 visits annually.

From April to May 2020, TMC conducted hantavirus screens
on all patients who sought treatment from the hospital with signs
and symptoms suggestive of COVID-19. At TMC, the screens were
performed and interpreted by medical laboratory technicians
and medical technologists. In March and April 2020, the Emory
sites retrospectively identified all patients with a positive molec-
ular COVID-19 test. Two pathologists performed and interpreted
the hantavirus 5-point screens for these individuals. All screens
were evaluated in accordance with the protocol established by
TMC (Supplementary Figure S1; all supplemental materials can
be found at American Journal of Clinical Pathology online)."”
Both institutions use automated instruments to perform CBC
counts and WBC differentials with the following workflow: the
samples were placed on the Sysmex XN-L instrument, which
uses flow cytometry technology. If the sample showed any al-
teration that is flagged based on set instrument parameters, a

smear would be produced and stained automatically using a
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stainer (SP-50; Sysmex). Using CellaVison DI60 (Sysmex), the
stained smear was scanned, and WBCs were photographed and
sorted into the different categories. Medical scientists approved
the sorting done by the image analyzer or changed particular
cells to a different category if necessary as part of the manual
differential. These CBCs and smears were used to determine
the presence of the five criteria of the 5-point screen based on
the following parameters. Thrombocytopenia was defined as a
platelet count less than 150 x 10°/L. Significant toxic change in
neutrophils was defined as a grade 2+ or more. Immunoblasts
and plasma cells were present in a concentration more than 10%
of lymphoid cells. Different normal ranges for hemoglobin and
hematocrit were used for the two sites, as elevation differs be-
tween Fort Defiance, AZ, and Atlanta, GA. Hemoglobin values
18 g/dL or more for men and 16 g/dL or more for women, as well
as hematocrit values 52% or more for men and 48% or more for
women were considered elevated for TMC. Hemoglobin values
16.1 g/dL or more for men and 14.4 g/dL or more for women, as
well as hematocrit values 46.5% or more for men and 41.4% or
more for women were considered elevated for Emory. Last, there
is no specific range for left shift. If the algorithm within the ana-
lyzer detects immature granulocytes over 5%, medical scientists
or pathologists will conduct a manual differential and look for
immature neutrophilic cells to identify left shift.

COVID-19 molecular testing was performed on all project par-
ticipants. Participants whose COVID-19 test was negative were ex-
cluded from the project. For both TMC and the Emory sites, a repeat
platelet count that was obtained within 12 to 24 hours was available
for a subset of individuals at provider discretion. COVID-19 serology
was not performed.

Project investigators reviewed the medical records for all
enrolled participants. For each participant, the following infor-
mation was collected: demographics, medical history (to include
comorbidities known to be associated with thrombocytopenia
and/or are associated with an increased risk of severe COVID-19),
clinical presentation, and outcome. As the hantavirus 5-point
screen is most accurate when the specimen is collected during
the cardiopulmonary phase, a composite variable of respiratory
symptoms was created to determine the percentage of patients
with COVID-19 who had their sample collected while they were
experiencing respiratory symptoms.'® Respiratory symptoms
were considered present if any of the following criteria was met:
presence of cough and/or shortness of breath and/or an oxygen
saturation of less than 93%.

Analysis of the clinical data and the hantavirus screen data was
conducted in a combination of Excel 2008 (Microsoft) and SAS
9.4 (SAS Institute). Frequencies were calculated for the categori-
cal variables, and descriptive statistics, including mean, median,
range, and interquartile range, were calculated for the continuous
variables. The y” tests were done for the categorical variables, ex-
cept where Fisher exact test was appropriate. For the continuous
variables, a two-sample t test was done for age, and the Mann-
Whitney U test was done for duration of hospitalization. Statistical

tests were also done comparing the average scores received on the
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hantavirus screen to a hypothesized value of 4/5, a score that indi-
cates high suspicion for HCPS. A one-sample sign test was done for
the skewed TMC population, and a one-sample t test was done for
the normally distributed Emory population.

RESULTS

A total of 143 participants were enrolled in the project, 72 at TMC
and 71 at Emory. Three individuals from TMC were later excluded
from the analysis because their COVID-19 molecular tests were
negative at the time of their sample collection for the screen. One
individual from Emory was excluded from the analysis because
their peripheral blood smear was uninterpretable. These exclu-
sions resulted in 139 participants included in the project. At TMC,
69 screens were done on 69 unique individuals. Of these, 18 had an
additional platelet count performed on a sample that was collected
within 12 to 24 hours of the initial screen. At Emory, 70 screens were
done on 70 unique individuals. Of these, 13 had an additional plate-
let count performed on a sample that was collected within 12 to 24
hours of the initial screen.

The two populations differed across
comorbidities, clinical presentation, and outcome [JENIEN. The

demographics,

sex distribution was similar at both sites, with 50% male at TMC
and 56% male at Emory. Age and race differed between the two
populations. The TMC cohort was 100% American Indian and had
a mean age of 53 years. Emory represented a slightly older (mean
age, 61 years), largely African American (85%) population. The sig-
nificant differences in comorbidities between the two groups were
as follows: patients seeking treatment at TMC were more likely to
be obese (63% vs 44% at Emory) and have preexisting liver disease
(15% vs 0% at Emory). The Emory cohort had higher rates of hyper-
tension (61% vs 42% at TMC), lung disease (17% vs 3% at TMC), and
kidney disease (21% vs 2% at TMC). With regards to clinical presen-
tation at the time of sample collection, 87% of participants at TMC
had respiratory symptoms. In the Emory cohort, 76% of partici-
pants had respiratory symptoms at the time of presentation. In the
TMC cohort, 46% of individuals had an oxygen saturation less than
90%, compared with 12% at Emory. However, individuals at Emory
were more likely to be treated with invasive ventilation (41% vs 20%
at TMC), and one individual received ECMO.

The scores received on the hantavirus 5-point screen differed
slightly between the two groups |[FISV5=RE. The mean score from 69
individuals from TMC was 1.48 (median, 1.00; range, 1.00-4.00). The
mean score from 70 individuals from Emory was 2.00 (median, 2.00;
range, 0.00-4.00). None of the 139 individuals in the project positive
for COVID-19 received a score of 5 on the hantavirus 5-point screen.
One individual at TMC and two individuals at Emory received a score
of 4. The individual from TMC had thrombocytopenia, elevated hemo-
globin/hematocrit, a left shift on neutrophils, and absence of signif-
icant toxic granulation of the neutrophils. The two individuals from
Emory had thrombocytopenia, a left shift on neutrophils, absence of
significant toxic granulation of the neutrophils, and immunoblasts

and plasma cells more than 10% of lymphoid cells. For the individual at

Am J Clin Pathol 2021;XX:1-6 3
HTTPS://DOI.ORG/10.1093/AJCP/AQAB155

120Z 1890100 G| U0 1sonb Aq /£256€9/GG 1 aebe/dole/ca01 01/10p/aE-00UBAPE/dofE/W00" dno"olWapEdE/: SRy WOy POpeojumod



AJCP | ORIGINAL ARTICLE

TABLE 1 Characteristics of Patients Positive for COVID-19 in Two

Hospitals

TMC Emory P
Characteristic (n=69) (n=70) Value
Demographics
Age, mean (range), y° 53 (21-98) 61 (21-92) | .874
Male 34/68 (50) 39 (56) 501
Indian/Alaska Native 67/67 (100) | 0/68 (0) <.0001°
African American 0/67 (0) 58/68 (85) | <.0001°
White 0/67 (0) 9/68 (13) .003°
Asian 0/67 (0) 1/68 (1) 1.000
Medical history
Obesity 33/52 (63) 31 (44) .036°
Hypertension 28/66 (42) 43 (61) 027°
Diabetes 26/66 (39) 25 (36) 658
Preexisting thrombocytopenia 9/61 (15) 4 (6) 141
Preexisting liver disease 10/66 (15) 0(0) .001°
Coronary artery disease 8/66 (12) 12(17) 409
Steroid/immunosuppressants 6/59 (10) 11 (16) .354
Active or former smoker 4/46 (9) 10 (14) .561
Preexisting lung disease 2/66 (3) 12 (17) .009°
Chronic kidney disease 1/66 (2) 15(21) .001°
Active cancer on chemotherapy 0/66 (0) 34 245
HIV 0/66 (0) 1(1) 1.000
Clinical presentation upon sample
collection
Composite respiratory symptoms 60 (87) 53 (76) 813
variable
Cough 51/63 (81) 38 (54) .001°
Shortness of breath 36/63 (57) 37 (53) .620
Oxygen saturation 90%-93% 17/59 (29) 13/69 (19) | .184
Oxygen saturation <90% 27/59 (46) 8/69 (12) <.0001°
Temperature >38°C 12/59 (20) 19/69 (28) | .343
Diarrhea 15/63 (24) 17 (24) .949
Outcome
Noninvasive ventilation 40/60 (67) 27 (39) .001°
Invasive ventilation 12/60 (20) 29 (41) .009°
ECMO 0/60 (0) 1(1) 1.000
Hospitalized 48/64 (75) 70 (100) <.0001°
Duration of hospitalization, median, d* | 4 10 <.0001°
Survived to hospital discharge 62/68 (91) 56 (80) .062

COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation;
HIV, human immunodeficiency virus; TMC, Tséhootsooi Medical Center.

“Data are presented in a n/N (%) format unless otherwise indicated, where N equals the
number of individuals the data were available for.

‘Indicates a statistically significant result.

°Age was available for 68 of the 69 individuals from the TMC cohort and all 70 of the
Emory cohort.

“Duration of hospitalization was available for 40 of the 69 individuals from the TMC
cohort and all 70 of the Emory cohort.

TMC, it was believed their clinical presentation was not consistent with
hantavirus, and therefore hantavirus serologies were not sent. Hanta-
virus serologies were also not sent for the two individuals at Emory,
as hantavirus is not endemic to Georgia and the individuals had not

recently traveled. Statistical tests were done to compare the average
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FIGURE 1 Hantavirus 5-point screen score frequencies from two
populations of patients with coronavirus disease 2019.

score each cohort of the patients with COVID-19 received on the screen
to a hypothesized value of 4, which would indicate high risk for HCPS.
A one-sample sign test was done for the skewed TMC population, and a
one-sample ttest was done for the normally distributed Emory popula-
tion. Both statistical tests returned a Pvalue less than .0001, indicating
very strong statistical evidence that the score patients with COVID-19
receive on the hantavirus screen is different from the score patients
with HCPS receive.

There were several notable differences in the criteria met on the
screen between TMC and Emory [fIE0=). The most common criterion
of the screen met at both institutions was absence of significant toxic
granulation, seen in 100% of individuals at TMC and 80% at Emory.
Thrombocytopenia was seen in 30% of both cohorts. Elevated hemo-
globin and hematocrit were rarely seen in either cohort, with 4% at
TMC and 0% at Emory. The TMC cohort demonstrated fairly low rates
of the remaining two criteria: with 7% of participants having left shift
and 3% having immunoblasts and plasma cells more than 10% of lym-
phoid cells. This was distinctive from the Emory cohort, in which 51% of
participants had left shift and 39% with immunoblasts and plasma cells
more than 10% of lymphoid cells.

The median platelet count was similar between the TMC
(185 x 10°/L) and Emory cohorts (183 x 10°/L) [ZXI3A. Among in-
dividuals with thrombocytopenia, the median platelet count was
107 x 10°/L at TMC and 123 x 10°/L at Emory. In total, 31 participants
had a repeat platelet count performed 12 to 24 hours after the han-
tavirus screen. Of these, the median platelet count was 180 x 10°/L
and 208 x 10°/L at TMC and Emory, respectively. None of the
thrombocytopenic individuals in either the TMC or Emory cohort
demonstrated a 20% or higher drop in the repeat platelet count per-

formed 12 to 24 hours after the initial screen.

DISCUSSION

Our findings suggest the criteria on the 5-point screen can be used
to differentiate between HCPS and COVID-19 in regions endemic for
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FIGURE 2 Hantavirus 5-point screen criteria frequencies from two populations of patients with coronavirus disease 2019.

TABLE 2 Platelet Count Details From Initial Hantavirus Screen and

Repeat Platelet Count Performed Within 12 to 24 Hours for Two
Populations of Patients With COVID-19

TMC Emory
Initial Platelet Count (n=69) (n=70)
Platelet count, median (IQR), x 10%L 185 (140-234) | 183 (138-236)

Individuals with thrombocytopenia, No. (%) 21/69 (30) 21/70 (30)
Thrombocytopenic platelet count, median (IQR), | 107 (95-132) 123 (104-135)
x 10%L

No. of patients with repeat platelet count 18 13

(12-24 hours)

Platelet count, median (IQR), x 10%L 180 (136-244) | 208 (175-224)
Individuals with thrombocytopenia, No. (%) 6/18 (33) 2/13 (15)
Thrombocytopenic platelet count, median (IQR), | 122 (64-131) 110 (102-117)
x 10%L

Individuals with thrombocytopenia on initial and | 2/18 (11) 2/13 (15)
repeat platelet count, No. (%)

Individuals with thrombocytopenia on initial 0/2 (0) 0/2 (0)

platelet count and who had >20% drop in
repeat platelet count, No. (%)

COVID-19, coronavirus disease 2019; IQR, interquartile range.

HCPS. There were a number of differences in the 5-point screen results
for these two cohorts. First, there were differences in the distribution
of scores between the two groups, with 64% of individuals at TMC
receiving a score of 1, compared with only 24% at Emory. In addition,
Emory showed higher frequencies of left shift and immunoblasts
and plasma cells more than 10% of lymphoid cells. The reasons for
these differences are likely varied and may include the following.
First, the participants enrolled at Emory and TMC were very different
from one another in terms of demographics, medical history, clinical
presentation, and outcome. Notably, at Emory, all patients went on
to be admitted to the hospital for their COVID-19 illness, whereas a
lesser number (75%) of TMC patients were admitted. Second, there

were differences in who performed the 5-point screens. At TMC, the
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screens were performed by medical technicians and technologists
with previous experience implementing the screens. At Emory, the
screens were performed by pathologists. Third, although most indi-
viduals from both cohorts had respiratory symptoms at the time of
sample collection, not all did. Thus, individuals may not have been at
the same stage in their disease progression when the sample was col-
lected for the screen. Perhaps different severity of COVID-19 disease
affected the peripheral blood findings. Fourth, the medical chart re-
views performed at Emory were more complete compared with TMC.
The demographic, medical history, clinical presentation, and outcome
variables were available for 97% to 100% of the Emory cohort but
ranged from 67% to 100% for the TMC cohort. Finally, it is important
to acknowledge the hantavirus 5-point screen contains some sub-
jective criteria and is subject to interobserver variability. However,
because the purpose of the screen is to distinguish individuals at high
risk for HCPS (scores of 4-5) from those atintermediate (3) or low (1-2)
risk, we contend these cutoffs allow for a difference in interpretation
of the markers that ultimately do not change the results.

We found thatirrespective of who performed the 5-point screen,
the demographics of the population screened, or when in the
COVID-19 disease course the sample was taken, individuals positive
for COVID-19 received a low score on the screen. None of the 139
individuals in the project positive for COVID-19 demonstrated all
five hallmarks of hantavirus infection, and only 3 (2%) individuals
received a score of 4 on the screen. Although there were differences
in the frequency of scores 1, 2, and 3 between the TMC and Emory
populations [IFIIGIEN, these scores would all be considered non—
high risk for HCPS. Thrombocytopenia was seen in 30% of the pro-
ject participants but was mild, with thrombocytopenic individuals
having a median platelet count of 107 x 10°/L at TMC and 123 x 10°/L
at Emory. This is consistent with other studies in patients positive
for COVID-19."°"

tients is typically more profound, with some platelet counts dipping

In contrast, thrombocytopenia seen in HCPS pa-

to dangerously low levels of less than 30 x 10°/L." In addition, none
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of the individuals with thrombocytopenia who had a repeat plate-
let count done within 12 to 24 hours demonstrated the 20% or more
drop that is characteristic of patients with HCPS. Therefore, while
thrombocytopenia was seen in our cohort of 139 patients positive
for COVID-19, it is generally milder than what is seen in patients
with HCPS.

Given the overlap in signs and symptoms, it is difficult to dis-
tinguish early HCPS and COVID-19 disease. In May 2020, a mother
and her 11-year-old son died after a brief severe respiratory illness
in Arizona." Initial testing of tissue collected from the child’s tra-
chea and lung were positive for SARS-CoV-2 by rRT-PCR. Testing of
the mother’s lung tissue was negative for SARS-CoV-2 by rRT-PCR
but demonstrated clinicopathologic features suggestive of HCPS.
Subsequent immunohistochemical evaluation of lung tissue from
both the mother and the child confirmed hantavirus infection. This
case underscores the importance of considering hantavirus disease
in the differential diagnosis in patients presenting with respiratory
illness who live in hantavirus endemic areas. In addition, clinicians
in hantavirus endemic areas should consider performing the han-
tavirus 5-point screen even in patients positive for COVID-19 to

identify potential instances of coinfection.

CONCLUSIONS

In conclusion, we validated the use of the 5-point screen as a screen-
ing tool for immediate decision making in remote areas. We found
that patients positive for COVID-19 receive low scores on the hanta-
virus 5-point screen, thus validating its use as a rapid tool to differen-

tiate between these two disease entities in hantavirus endemic areas.
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