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The 4 common types of human coronaviruses
(HCoVs)—2 alpha (HCoV-NL63 and HCoV-229E) and 2
beta (HCoV-HKU1 and HCoV-OC43)—generally cause
mild upper respiratory illness. Seasonal patterns and an-
nual variation in predominant types of HCoVs are known,
but parameters of expected seasonality have not been
defined. We defined seasonality of HCoVs during July
2014—November 2021 in the United States by using a
retrospective method applied to National Respiratory
and Enteric Virus Surveillance System data. In the 6
HCoV seasons before 2020-21, season onsets occurred
October 21-November 12, peaks January 6—February
13, and offsets April 18—June 27; most (>93%) HCoV
detection was within the defined seasonal onsets and
offsets. The 2020-21 HCoV season onset was 11 weeks
later than in prior seasons, probably associated with CO-
VID-19 mitigation efforts. Better definitions of HCoV sea-
sonality can be used for clinical preparedness and for de-
termining expected patterns of emerging coronaviruses.

he 4 common human coronaviruses (HCoVs), 2

alpha (HCoV-NL63 and HCoV-229E) and 2 beta
(HCoV-HKU1 and HCoV-OC43) types, generally
cause mild upper respiratory illness. The HCoVs
are endemic among humans, as evidenced by sus-
tained, widespread, continuous transmission, un-
like the betacoronaviruses SARS-CoV (detected in
2002) and Middle East respiratory syndrome coro-
navirus (detected in 2012). An additional betacoro-
navirus, SARS-CoV-2, emerged in the human pop-
ulation in late 2019 and has become widespread.
HCoVs circulate annually in the United States with
a seasonal pattern, generally peaking during De-
cember-March and with the predominant types
varying each year ().

Although HCoVs are known to have seasonal
patterns, parameters of expected seasonality have
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not been defined. Given mitigation efforts and be-
havior changes resulting from the COVID-19 pan-
demic, national patterns of respiratory viruses, in-
cluding influenza, differed during the 2020-21 season
compared with previous seasons (2). Knowledge of
changes to seasonal patterns in HCoV circulation is
valuable for clinical and public health preparedness
and may provide insight into transmission patterns
for novel HCoVs. We analyzed circulation of 4 com-
mon HCoVs in the United States during July 2014~
November 2021.

Methods

We analyzed circulation of HCoVs (HCoV-NL63,
HCoV-229E, HCoV-HKU1, and HCoV-OC43, ex-
cluding SARS-CoV-2) by using data from the Nation-
al Respiratory and Enteric Viruses Surveillance Sys-
tem (NREVSS, https:/ /www.cdc.gov/surveillance/
nrevss/labs/map.html), a passive surveillance sys-
tem established by the Centers for Disease Control
and Prevention (CDC) in the 1980s. NREVSS col-
lects respiratory virus testing results from laborato-
ries across the United States. Not all NREVSS labo-
ratories submit results for all pathogen types, and
~344 laboratories met the criteria for inclusion in
our analysis. Clinical, public health, and commer-
cial laboratories submit weekly aggregated num-
bers of tests performed and detections determined
by reverse transcription PCR for the 4 common
HCoV types. Although most NREVSS participants
provide aggregated data, NREVSS also collects
specimen-level data from a subset of 57 laboratories
through the Public Health Laboratory Interoperabil-
ity Project (PHLIP). Laboratories that submit data to
NREVSS via PHLIP include information on patient
age, administrative sex, and other respiratory virus
test results.

"Preliminary results from this study were presented at the IDWeek
Virtual Conference 2021, September 29—October 3, 2021.
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The first week in the second surveillance year
when common coronaviruses were surveyed in
NREVSS ended on July 5, 2014. We included reports
of specimens tested for HCoVs in NREVSS from the
week ending July 5, 2014, through the week ending
November 6, 2021. We excluded HCoV results with-
out virus typing and data from laboratories that did
not report any positive HCoV test results during
the study period. We compiled total HCoV testing
and positive detections by HCoV type, season, and
US Census region. To characterize detections by pa-
tient age and sex, we used a subset of data submitted
through PHLIP with specimens tested for all 4 HCoV
types collected from June 29, 2014, through Novem-
ber 29, 2021 (because of data availability, we included
a few additional weeks compared with NREVSS). We
also examined codetection of HCoVs with other re-
spiratory viruses in the PHLIP subset, including para-
influenza viruses, respiratory syncytial virus (RSV),
human metapneumovirus, human adenovirus, rhi-
novirus/enterovirus, and influenza A and B viruses.
We excluded specimens with panpositive results for
codetections in the PHLIP subset.

We evaluated the onset and offset of seasons
between MMWR week 31 (early August) through
MMWR week 30 of the following year (https://ndc.
services.cdc.gov/wp-content/uploads/ MMWR_
Week_overview.pdf) by wusing a method from
NREVSS previously validated for RSV detection. This
method (retrospective slope 10 method) is character-
ized by a centered, 5-week moving average of weekly
detections with each seasonal peak normalized to
1,000 detections (3). We determined the absolute dif-
ference between normalized detections for each week
and the previous week. We defined season onset as
the second consecutive week with an absolute differ-
ence of >10 normalized detections and season offset
as the last of 2 consecutive weeks when the number
of normalized detections was greater than the num-
ber of normalized detections during the onset week.
We determined seasonal characteristics nationally, in-
cluding season onset, peak, and offset as well as sea-
son duration and percentage of annual detections that
occurred within the season. We calculated the mean
MMWR week for which seasonal inflections occurred
by taking the mean of the MMWR weeks of the 6 sea-
sons starting with 2014-15 and ending with 2019-20.

For our analyses, we used RStudio version
1.4.1106 (https:/ /www.rstudio.com). This study was
reviewed by CDC and conducted consistent with ap-
plicable federal law and CDC policy (45 C.F.R. part
46.102(1) (2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5
U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.).
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Results

We detected an HCoV of any type in 104,911 (3.6%)
of 2,878,479 specimens with results submitted to
NREVSS during the week ending July 5, 2014,
through November 6, 2021. Among these 104,911
specimens, 40.1% were positive for HCoV-OC43,
27.8% for HCoV-NL63, 19.9% for HCoV-HKU1, and
12.2% for HCoV-229E. Weekly testing volumes were
higher during March 2020, the onset of the COVID-19
pandemic, than during any other week in July 2014
and November 2021 (Figure 1, panel A). The predom-
inant common HCoV type fluctuated by surveillance
year (Figure 1, panel B).

In the 6 HCoV seasons before the COVID-19
pandemic (i.e., excluding the 2020-21 season), sea-
sonal onsets were during October-November, peaks
during January-February, and seasonal offsets dur-
ing April-June (Table 1; Figure 2). Specifically, the
seasonal onset occurred on average during MMWR
week 44 (range weeks 42-45), peak during week 4
(range weeks 1-6), and offset during week 19 (range
weeks 17-25) (Table 1; Figure 3); 93.2% of all HCoV
detections occurred between the onset and offset. The
mean duration of the 6 seasons before the 2020-21
season was 25 weeks. The 2020-21 common HCoV
season onset was delayed by 11 weeks compared
with mean onset of prior seasons (Table 1; Figure 3).
The number of days between onset and peak for the
2020-21 season (119 days) was longer than the mean
observed for the prior 6 seasons (88 days). By Novem-
ber 2021, normalized values had not reached the re-
quirement for offset for the 2020-21 season.

The predominant type of alpha HCoV was
HCoV-NL63 during 4 of the 7 seasons (Figure 1,
panel C). When positivity for either HCoV-229E or
HCoV-NL63 was >4%, positivity for the other alpha
HCoV was <1% (Figure 1, panel C). The predominant
beta HCoV type was HCoV-OC43, in a biennial pat-
tern alternating with HCoV-HKU1 (Figure 1, panel
D) except for 2017-18, when they were co-dominant.
When positivity for either beta HCoV peaked at >4%,
the other beta HCoV circulated at low levels (<1%
positivity), except for the 2015-16 season (Figure 1,
panel D). Across US Census regions, patterns of the
predominant HCoV type were similar to national pat-
terns (Appendix Figure 1, https://wwwnc.cdc.gov/
EID/article/28/10/22-0396-Appl.pdf).

Among 82,768 specimens from PHLIP tested for
the 4 HCoVs from June 29, 2014, through November
29, 2021, any HCoV was detected in 5,204 (6.3%) (Ta-
ble 2). We excluded 3 specimens because their reports
indicated positive results for all respiratory viruses.
Among 80,574 PHLIP specimens with information on
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patient sex, the percentage of specimens in which any
HCoV was detected was similar among male (6.0%,
2,617/43,694) and female (6.2%, 2,284/36,880) pa-
tients. Of the 4 types of HCoV, detection of HCoV-
OC43 was highest among children <1 years of age and
adults 66-100 years of age (Table 2). HCoV-229E was
detected in patients with the highest mean age and
at the lowest percentages among children <5 years of
age. Of specimens in which HCoV was detected, >1
type was detected in 64/5,204 (1.2%) and another re-
spiratory virus was detected in 1,132/4,685 (24.2%);

co-detection of influenza virus was most common

(8.1%) (Table 3).

Discussion

During the 6 seasons of HCoV circulation before the
COVID-19 pandemic in 2020-21, the relative consis-
tency of timing of seasonal onsets, peaks, and off-
sets indicates expected patterns in the seasonality of
HCoVs in the United States. The predominant type
of HCoV varied from season to season, but at least 1
alpha HCoV and 1 beta HCoV circulated each season,

A;: 25,000 |
=5 20,000
15,0001
+— d ] 4 1
Jan Jan Jan Jan Jan Jan Jan
2015 2016 2017 2018 2019 2020 2021
B HCOV-229E —— HCoV-HKU1
E 6 - — HCoV-NL63 — HCoV-0OC43
>
£ 41
S
o 21
R ! . ,
Jan Jan Jan Jan Jan Jan Jan
2015 2016 2017 2018 2019 2020 2021
C 81 Alphacoronaviruses
Z el HCoV-229E
> - Z
B HCoV-NL63
D 4
&
2.
0 T T S T T T f
Jan Jan Jan Jan Jan Jan Jan
2015 2016 2017 2018 2019 2020 2021
D 8 Betacoronaviruses
= — HCoV-HKU1
S 6 — HCoV-0C43
B
o 4
o
& 5
O\O AA _/\\1
0 T Aoy T T - .
Jan Jan Jan Jan Jan Jan Jan
2015 2016 2017 2018 2019 2020 2021

Figure 1. Total tests and percentage positivity of 4 common HCoVs from weekly aggregated data submitted to the National Respiratory
and Enteric Virus Surveillance System, United States, July 2014—November 2021. A) Total specimens tested for all 4 HCoV types.

B) Percentage positivity of the 4 HCoV types by week. C) Percentage positivity of the common alphacoronaviruses. D) Percentage
positivity of the common betacoronaviruses. HCoVs, human coronaviruses.
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Table 1. Onset, peak, and offset dates for 4 common HCoVs and percentage detection, by season, from weekly aggregated data
submitted to the National Respiratory and Enteric Virus Surveillance System, United States, July 2014—November 2021*

Date (MMWR wk) HCoV, %
Season (MMWR wk) Onset Peak Offset 0C43 NL63  HKU1 229E
2014-15 (31-30) 2014 Nov 1 (44) 2015 Feb 7 (5) 2015 Jun 27 (25) 6.3 23.5 58.8 1.4
2015-16 (31-30) 2015 Nov 7 (44) 2016 Feb 13 (6) 2016 May 14 (19) 31.1 34.8 29.4 438
2016-17 (31-30) 2016 Nov 12 (45) 2017 Feb 4 (5) 2017 Apr 29 (17) 1.8 10.0 56.8 314
2017-18 (31-30) 2017 Oct 21 (42) 2018 Jan 6 (1) 2018 Apr 21 (16) 33.5 39.3 25.8 1.4
2018-19 (31-30) 2018 Nov 10 (45) 2019 Feb 9 (6) 2019 May 11 (19) 5.8 253 49.9 19.0
2019-20 (31-30) 2019 Nov 2 (44) 2020 Jan 18 (3) 2020 Apr 18 (16) 51.9 29.5 14.2 4.3
2020-21 (31-44) 2021 Jan 23 (03) 2021 May 22 (20) Not reachedt 1.6 31.6 55.8 10.9

*Dates for season onset, peak, and offset for all seasons are based on the retrospective slope 10 method, which uses a centered 5-week moving average

of weekly detections with normalization to peak to define seasonal inflections.

Seasons were defined as starting on MMWR week 31 (beginning of

August) of each year through MMWR week 30 (end of July) of the following year (https://ndc.services.cdc.gov/wp-content/uploads/MMWR_Week_
overview.pdf). For the last 2020-21 season, data were included from August 2021-November 2022 because of the delayed seasonal start. The percent
of positive detections by each HCoV type by season (with the denominator being total positive detections of any HCoV type for that season) is included in

the final 4 columns. HCoV, human coronavirus.

1By November of 2021, normalized values had not reached the requirement for offset for the 2020-21 season.

often in a biennial pattern, as in other northern lati-
tude countries (4,5). This biennial pattern may reflect
cross-immunity and waning population-level immu-
nity to alpha and beta HCoVs from prior infections
(6) because serologic and human studies suggest im-
munity to reinfection lasting ~1 year (7,8).
Cross-reactive binding and neutralizing antibod-
ies seem to be higher among common HCoV types
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within a genus (9). SARS-CoV-2 cross-reactive se-
rum antibodies were present in serum before the
COVID-19 pandemic, probably attributable to cross-
immunity from prior HCoV infections, but they have
not been shown to be protective against SARS-CoV-2
infection (10). Similarly, nonneutralizing antibodies
to the common betacoronaviruses are boosted after
SARS-CoV-2 infection (10), but potential effects of
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Figure 2. Total number of detections of the 4 common HCoVs, by week and season, from weekly aggregated data submitted to the

National Respiratory and Enteric Virus Surveillance System, United States, July 2014—July 2020. The 3 vertical dotted lines, left to right,
indicate the week of season onset, peak, and offset for all types combined (black line). These seasonal inflections were defined by using
the retrospective slope 10 method, which uses a centered 5-week moving average of weekly detections with normalization to peak. The
type-specific curves depict the actual number of detections; the black curve depicts specimens with any HCoV detections normalized to
a peak of 1,000. HCoVs, human coronaviruses.
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Figure 3. Percentage positivity

and seasonal characteristics of

common HCoVs, by season, from

weekly aggregated data submitted 151
to the National Respiratory

and Enteric Virus Surveillance
System, United States, October
2014—September 2021. Gray
vertical lines indicate the mean
starting week dates for season
onset, peak, and offset for all
seasons except 2020-21, based
on the retrospective slope 10
method, which uses a centered
5-week moving average of weekly
detections with normalization to
peak to define seasonal inflections.
The average onset week for the 6 01
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seasons spanning 2014-2020 is
MMWR week 44, average peak
week is MMWR week 4, and the
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average offset week is MMWR week 19. For the 2020-21 season, the onset week is January 23 (MMWR week 3) and the peak week is
May 22 (MMWR week 20) (not shown). HCoVs, human coronaviruses.

SARS-CoV-2 immunity on seasonal HCoV circulation
remain unknown.

The seasonality of HCoVs probably results from
a combination of viral, host, and environmental fac-
tors. In temperate climates, HCoVs circulate during
the winter, aligned with cooler ambient temperature
(11,12); seasonality is more varied and less predict-
able in tropical regions than in temperate regions
(4,13). Colder temperatures are thought to improve
the stability of enveloped viruses (14). In addition,
lower temperatures lead to drying of airways and can
increase host susceptibility to infection. Environmen-
tal factors can also lead to behavior change, which af-
fects the spread of HCoVs, such as from more indoor
human contact during winter (14). Similarly, other
widespread behavior changes could alter the season-
ality of HCoV circulation.

The pattern of HCoV circulation during the
2020-21 season differed from that during prior sea-
sons; onset was delayed by 11 weeks compared with

the mean of prior seasons, and duration to peak was
extended. The 2020-21 season offset could not be de-
termined because the number of detections had not
fallen to low enough levels at the time of this analysis.
In the United States, the seasonal starts of RSV and
parainfluenza virus circulation were delayed during
2020-21, and influenza virus and human metapneu-
movirus circulation was attenuated (2,15). Activity
of rhinovirus/enterovirus and human adenovirus
was lower than usual at the beginning of the season,
but activity increased to prepandemic levels later in
the season. These changes are probably attributable
in part to implementation of COVID-19 pandemic
mitigation measures, such as decreased domestic and
global travel, use of face masks, school and office clo-
sures, and physical distancing (2).

Certain clinical and phenotypic differences in the
4 seasonal HCOVs have been observed (e.g., distribu-
tion of patient sex and age and virus pathogenicity).
HCoV-0OC43 has been reported as the most prevalent

Table 2. Percentage positivity of the 4 common HCoVs, by patient sex and age categories, Public Health Laboratory Interoperability

Project, United States, July 2014-November 2021

HCoV, no. detected/no. tested (%)

Patient category Any 0C43 NL63 HKU1 229E
Total 5,204/82,768 (6.3) 2,056/82,768 (2.5) 1,519/82,768 (1.8) 962/8,276 (1.2) 732/82,768 (0.9)
Sex
F 2,284/36,880 (6.2) 902/36,880 (2.4) 680/36,880 (1.8) 433/36,880 (1.2) 294/36,880 (0.8)
M 2,617/43,694 (6.0) 1,025/43,694 (2.3) 767/43,694 (1.8) 499/43,694 (1.1) 363/43,694 (0.8)
Age group, y*
<1 578/4,788 (12.1) 271/4,788 (5.7) 144/4,788 (3.0) 110/4,788 (2.3) 62/4,788 (1.3)
1-5 795/9,501 (8.4) 349/9,501 (3.7) 271/9,501 (2.9) 146/9,501 (1.5) 47/9,501 (0.5)
6-17 517/9,568 (5.4) 147/9,568 (1.5) 207/9,568 (2.2) 92/9,568 (1.0) 77/9,568 (0.8)
18-65 2,738/50,240 (5.4) 994/50,240 (2.0) 781/50,240 (1.6) 566/50,240 (1.1) 425/50,240 (0.8)
>65 364/7,092 (5.1) 198/7,092 (2.8) 77/7,092 (1.1) 35/7,092 (0.5) 57/7,092 (0.8)

“Mean age (£ SD), y: any, 25.8 (£ 22.7); OC43, 27.3 (+ 25.3); NL63, 22.9 (£ 20.5); HKU1, 24.0 (+ 19.8); 229E, 29.9 (x 21.8). HCoV, human coronavirus.
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Table 3. Respiratory co-detections by common HCoV type, Public Health Laboratory Interoperability Project, July 2014—November 2021*

HCoV, no. tested/no. detected (%)

Virus co-detected Any, n = 5,204

0OC43,n=2,056

NL63, n =1,519

HKU1, n = 962

229E, n =732

Any non-HCoV 1,132/4,685 (24.2)

447/1,831 (24.4)

289/1,357 (21.3)

217/893 (24.3)

161/657 (24.5)

Influenza virus 422/5178 (8.1)  146/2,046 (7.1)  126/1,513 (8.3) 87/960 (9.1) 73/724 (10.1)
Rhinovirus/enterovirus 268/5,200 (5.2)  116/2,055 (5.6) 85/1,518 (5.6) 44/960 (4.6) 26/732 (3.6)
Respiratory syncytial virus 254/5.203 (4.9)  136/2,056 (6.6) 54/1,519 (3.6) 46/961 (4.8) 23/732 (3.1)
Respiratory adenovirus 158/5,202 (3.0) 80/2,054 (3.9) 38/1,519 (2.5) 28/962 (2.9) 16/732 (2.2)
Parainfluenza virus 99/5,204 (1.9) 43/2,056 (2.1) 19/1,519 (1.3) 19/962 (2.0) 20/732 (2.7)
Human metapneumovirus 95/5,204 (1.8) 29/2,056 (1.4) 27/1,519 (1.8) 26/962 (2.7) 15/732 (2.0)

HCoV co-detected

>2 HCoV types 64/5,204 (1.2)

40/2,056 (1.9)
NA

45/1,519 (3.0)

26/962 (2.7)

18/732 (2.5)

0C43 2,056/5,204 (39.5) 21/1,519 (1.4) 6/962 (0.6) 14/732 (1.9)
NL63 1,519/5,204 (29.2)  21/2,056 (1.0) NA 20/962 (2.1) 5/732 (0.7)
HKU1 962/5,204 (18.5) 6/2,056 (0.3) 20/1,519 (1.3) NA 0/732 (0)
229E 732/5,204 (14.1)  14/2,056 (0.7) 5/1,519 (0.3) 0/962 (0) NA

*HCoV, human coronavirus; NA, not applicable.

of the 4 common HCoVs, consistent with our findings
(12). A previous study reported male sex as being as-
sociated with higher odds of HCoV positivity (16),
but in our study, likelihood of HCoV detection was
not higher among male patients.

HCoVs circulate seasonally with other respira-
tory viruses, including RSV, influenza virus, and rhi-
noviruses; co-infections are not uncommon (17,18).
We similarly show high levels of HCoV co-detections
(24%), particularly with influenza virus, which is
probably an underestimate because only influenza vi-
rus detections from respiratory panels are included in
the PHLIP dataset. Further work is needed to under-
stand mechanisms of viral interference and the role of
virus co-infections in the pathophysiology of illness
and circulation of respiratory viruses.

Among the limitations of this investigation, test-
ing patterns for respiratory viruses changed during
the 2020-21 season because of delayed routine health-
care and an emphasis on SARS-CoV-2 testing, which
affects comparison with earlier seasons. The represen-
tativeness of co-detections reported (i.e., true burden
of illness) could not be evaluated because this PHLIP
platform does not include reasons for testing (e.g.,
symptomatic disease); positive detections may be
more likely to be reported than negative detections.
The NREVSS platform represents a geographically
heterogenous subset of all US laboratories but may
not be nationally or locally representative. Further-
more, types of laboratory participation and the pro-
cess for obtaining the subset of specimen level data
for PHLIP are not fully comparable with the overall
NREVSS platform.

According to our analysis, a typical common
HCoV season in the United States generally starts
during October-November, peaks near the end of
January, and ends during April-June. This knowl-
edge of expected seasonal variation in HCoV circula-
tion is useful for public health preparedness and clini-
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cal management of patients. Clinicians and the public
health community should be aware that patterns of
HCoV circulation changed during 2020-21 and that
trends in future seasons may also deviate from trends
before the COVID-19 pandemic.
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etymologia revisited

Escherichia coli

[esh”a-rik’e-a co’lT]

Agram—negative, facultatively anaerobic rod, Escherich-
ia coli was named for Theodor Escherich, a German-
Austrian pediatrician. Escherich isolated a variety of bac-
teria from infant fecal samples by using his own anaerobic
culture methods and Hans Christian Gram’s new stain-
ing technique. Escherich originally named the common
colon bacillus Bacterium coli commune. Castellani and Chalm-
ers proposed the name E. coli in 1919, but it was not officially
recognized until 1958.
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