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We assessed concentrations of parvovirus B19 DNA
from 2 wastewater treatment plants in a Texas, USA,
county with a known outbreak in 2024. \WWastewater viral
concentrations correlated significantly with clinical cases,
demonstrating wastewater’s potential for tracking parvo-
virus B19 infections. Peaks in wastewater concentrations
were aligned with the peak in hydrops fetalis diagnoses.

arvovirus B19 is a single-stranded DNA virus

transmitted through respiratory droplets. In 2024,
infections increased substantially across the United
States; seroprevalences in children rose from <3% in
2020-2022 to 24.9% in 2024 (1). Parvovirus B19 typi-
cally causes a mild slapped cheek rash in children but
can lead to serious complications in pregnant women,
including hydrops fetalis and fetal death (2-4). Per-
sons infected with the virus, particularly those who
are immunocompromised, are at risk for developing
aplastic anemia (3,5).

Parvovirus B19 is highly infectious, with an esti-
mated basic reproduction number (R)) of 8, and stud-
ies have shown that 20%-50% of susceptible persons
are infected during outbreaks in schools (6,7). No
vaccine is available for the virus and treatment op-
tions are limited, meaning prevention and early de-
tection are crucial (1,4,8). Nonetheless, parvovirus
B19 infection is not a notifiable condition to public
health authorities in the United States (6). This lack
of surveillance led to a Health Alert Network notice
from the Centers for Disease Control and Prevention
in August 2024, months after the initial rise in cases
had occurred (6).
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Wastewater-based epidemiology has been shown
to be an effective, real-time, and low-cost method of
generating epidemiologic data for a variety of human
pathogens, suggesting potential utility for parvovi-
rus B19 (9,10). Our study aimed to evaluate whether
wastewater surveillance can track parvovirus B19
infections by analyzing samples from 2 wastewa-
ter treatment plants (WWTPs) during a known out-
break in Montgomery, Texas, USA, and compar-
ing results with clinical information from electronic
health records systems. Our study was reviewed by
the Stanford University Committee for the Protec-
tion of Human Subjects and determined to be exempt
from oversight.

The Study
We collected 24-hour composite raw wastewater in-
fluent samples 3 times/week during December 18,
2023-August 30, 2024, from 2 treatment plants serv-
ing 65,000 (WWTP186) and 70,000 (WWTP187) per-
sons (Appendix Figure 1, https://wwwnc.cdc.gov/
EID/article/31/7/24-1981-Appl.pdf). We collected a
total of 220 samples. From each sample, we collected
wastewater solids using settling and centrifugation.
We used a previously validated hydrolysis-probe
PCR targeting the nonstructural protein 1 gene of
parvovirus B19. We confirmed assay specificity and
sensitivity through in silico analysis against refer-
ence genomes and in vitro testing against common
respiratory viruses and bacteria (Appendix, Table 1).
We extracted DNA from wastewater solids using the
chemagic Viral DNA/RNA 300 kit (Revvity, https://
www.revvity.com), followed by column-based PCR
inhibitor removal. We quantified viral concentra-
tions of parvovirus B19 (fluorescent molecule FAM)
and SARS-CoV-2 (fluorescent molecule HEX) as a du-
plex assay in 6 replicate wells using digital droplet
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reverse transcription PCR (Appendix Table 2). We
included negative and positive extraction and PCR
controls. The lowest detectable concentration was
~1,000 copies/g of dry weight. Complete methods,
including primers and thermocycling conditions and
further details of various controls, are provided (Ap-
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pendix). Measured concentrations in the samples are
available through the Stanford Digital Repository
(https:/ /doi.org/10.25740/zn011jk5743).

We gathered clinical case and syndromic data
from Epic Cosmos (Epic Systems Corporation, https:/
cosmos.epic.com). First, we filtered all encounters
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in the dataset geographically and temporally to en-
counters within Montgomery County, Texas, dur-
ing October 16, 2023-October 16, 2024. Montgomery
County had a total population of 620,443 as of the
2020 census. From this subset, we identified par-
vovirus cases and hydrops fetalis diagnoses using
grouped codes from the International Classification
of Diseases, 10th Revision (ICD-10) (11). We iden-
tified parvovirus cases using ICD-10 codes B08.3,
B34.3, and B97.6, and hydrops fetalis using ICD-10
codes P56.*, 036.2%, and Z36.81. We aggregated data
weekly for parvovirus cases and quarterly for hy-
drops fetalis diagnoses; we redacted values <10 and
replaced with 10 (Appendix).

Our statistical analyses used Kruskal-Wallis tests
to compare viral concentrations between plants and
x* tests for detection frequencies. We assessed as-
sociations between wastewater concentrations and
clinical cases using Kendall tau correlation. Because
we made multiple comparisons (n = 11), we used p =
0.005 as the significance threshold.

Our analyses detected parvovirus B19 DNA in
45 (40%) of 111 samples from WWTP186 and in 62
(57%) of 109 samples from WWTP187; detection fre-
quencies were not significantly different (x*>=5.24; p =
0.02). Concentrations were mostly nondetectable be-
fore April, peaked in June, and returned to nondetect-
able levels by August. Median (interquartile range
[IQR]) concentrations were 0 (IQR 0-8,071 copies/g)
at WWTP186 and 6,121 (IQR 0-20,998 copies/g) at
WWTP187, showing significant differences between
plants (effect size = 6,121 copies /g; p = 0.001) even
when normalized by pepper mild mottle virus (effect
size =2.7 x 107%, p = 0.003).

Clinical parvovirus cases in Montgomery County
showed similar seasonality: <10 cases until April, a
peak in June, and a decline by August. Weekly vi-
ral concentrations correlated significantly with case
counts at both plants (Kendall tau = 0.56 at WWTP186
and 0.52 at WWTP187; both p<0.0001). During the
quarter of increasing wastewater concentrations, par-
vovirus cases rose from <10 to 223, coinciding with
hydrops fetalis cases increasing to 49 (Figure).

Conclusions

Our study demonstrates that parvovirus B19 DNA
can be quantified in wastewater and directly corre-
lated with clinical indicators of infection. Our results
validate the potential for wastewater to provide sen-
tinel surveillance during key early periods of an out-
break, especially in the absence of mandated public
health reporting. Previous studies have shown that
parvovirus B19 infects the intestinal mucosa and is
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present in the sputum of infected patients, indicat-
ing it could be shed into wastewater (12). Investi-
gators have shown related viruses, such as human
bocaviruses, to be shed in stool samples (13). Recent
studies have identified parvovirus B19 (often re-
ferred to as erythroparvovirus) in wastewater sam-
ples through shotgun sequencing and metagenomic
analysis (14,15).

Parvovirus B19 DNA concentrations in waste-
water at both treatment plants were significantly
correlated with clinical cases of parvovirus B19 in
the county. Most (>90%) of those diagnosed cases
were in children and adolescents <16 years of age,
likely because of the unique symptomatic presenta-
tion in children as a slapped cheek rash and clinical
diagnosis without further molecular diagnostics.
We also showed that B19 DNA concentrations in
wastewater at both treatment plants corresponded
to an increase in maternal care for hydrops feta-
lis, one of the known complications of parvovirus
B19 in pregnant women. This finding suggests that
parvovirus B19 DNA in wastewater is an indicator
of not only infections in children, but infections in
the adult population, for which clinical data are
highly limited.

In summary, wastewater represents a rapid and
cost-effective method of providing real-time infor-
mation on parvovirus B19 outbreaks in populations.
This early detection is especially important because
children are no longer viremic by the time the charac-
teristic rash appears. Proactive surveillance of waste-
water to detect viremia could aid in mitigation strate-
gies, such as warning or screening pregnant women
and those who are immunocompromised.

This article was originally published as a preprint at
https:/ /medrxiv.org/cgi/content/short/
2024.12.21.24319493v1.

Acknowledgments
We thank the participating wastewater treatment plants
for their samples for the project.

Data used in this study came from Epic Cosmos, a dataset
created in collaboration with a community of Epic health
systems representing >284 million patient records from
>1,500 hospitals and 36,000 clinics from all 50 states, DC,
Lebanon, and Saudi Arabia.

This work was supported by a gift to A.B.B. from the
Sergey Brin Family Foundation. R.Y.L. was supported
by National Institutes of Health Institutional National
Research Service Award T32 AI007502.

B.H. and D.D. are employees of Verily Life Sciences, LLC.

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 31, No. 7, July 2025


https://medrxiv.org/cgi/content/short/
http://www.cdc.gov/eid

About the Author

Dr. Zulli is a postdoctoral scholar at Stanford University
in the Division of Infectious Diseases and Geographic
Medicine. His areas of interest include epidemiology of
the built environment, the development of novel pathogen
detection technologies, and the application of mitigation
methods for the interruption of pathogen transmission.

References

1. Alfego D, Hernandez-Romieu AC, Briggs-Hagen M,
Dietz S, Gillim L, Dale SE, et al. Detection of increased
activity of human parvovirus B19 using commercial
laboratory testing of clinical samples and source plasma
donor pools— United States, 2024. MMWR Morb Mortal
WKkly Rep. 2024;73:1076-81. https:/ / doi.org/10.15585/
mmwr.mm?7347a2

2. Heegaard ED, Brown KE. Human parvovirus B19. Clin
Microbiol Rev. 2002;15:485-505. https:/ /doi.org/10.1128/
CMR.15.3.485-505.2002

3. Qiu ], Soderlund-Venermo M, Young NS. Human
parvoviruses. Clin Microbiol Rev. 2017;30:43-113.
https:/ /doi.org/10.1128 / CMR.00040-16

4. Nordholm AC, Trier Mgller F, Fischer Ravn S,
Flink Serensen L, Moltke-Prehn A, Elskeer Mollerup J, et al.
Epidemic of parvovirus B19 and disease severity in pregnant
people, Denmark, January to March 2024. Euro Surveill.
2024;29:2400299. https:/ / doi.org/10.2807/1560-7917.
ES.2024.29.24.2400299

5. Young NS, Brown KE. Parvovirus B19. N Engl ] Med.
2004;350:586-97. https:/ / doi.org/10.1056 / NEJMra030840

6. Health Alert Network (HAN)—00514 | Increase in human
parvovirus B19 activity in the United States [cited 2024 Nov
29] https:/ /emergency.cdc.gov/han/2024 /han00514.asp.

7. Gongalves G, Dias M. Parvovirus outbreak in a
kindergarten in a municipality in the north of Portugal,
April-June 2008. Euro Surveill. 2008;13:19053.
https:/ /doi.org/10.2807/ese.13.48.19053-en

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 31, No. 7, July 2025

Parvovirus B19 in Wastewater, Texas, USA

8. Dittmer FP, Guimardes CM, Peixoto AB, Pontes KFM,
Bonasoni MP, Tonni G, et al. Parvovirus B19 infection and
pregnancy: review of the current knowledge. ] Pers Med.
2024;14:139. https:/ / doi.org/10.3390/jpm14020139

9. Boehm AB, Wolfe MK, Bidwell AL, Zulli A, Chan-Herur V,
White BJ, et al. Human pathogen nucleic acids in wastewater
solids from 191 wastewater treatment plants in the United
States. Sci Data. 2024;11:1141. https:/ /doi.org/10.1038/
$41597-024-03969-8

10. Kaplan EH, Zulli A, Sanchez M, Peccia J. Scaling
SARS-CoV-2 wastewater concentrations to population estimates
of infection. Sci Rep. 2022;12:3487. https:/ / doi.org/10.1038/
s41598-022-07523-7

11.  World Health Organization. ICD-10: international
statistical classification of diseases and related health
problems. 10th revision, 2nd ed. 2004 [cited 2025 Jun 6].
https:/ /iris.who.int/handle/10665 /42980

12. Pironi L, Bonvicini F, Gionchetti P, D’Errico A, Rizzello F,
Corsini C, et al. Parvovirus B19 infection localized in the
intestinal mucosa and associated with severe inflammatory
bowel disease. ] Clin Microbiol. 2009;47:1591-5.
https:/ /doi.org/10.1128 /JCM.00706-08

13. Blinkova O, Rosario K, Li L, Kapoor A, Slikas B, Bernardin F,
et al. Frequent detection of highly diverse variants of
cardiovirus, cosavirus, bocavirus, and circovirus in sewage
samples collected in the United States. ] Clin Microbiol.
2009;47:3507-13. https:/ /doi.org/10.1128 /JCM.01062-09

14. McCall C, Wu H, Miyani B, Xagoraraki L. Identification of
multiple potential viral diseases in a large urban center
using wastewater surveillance. Water Res. 2020;184:116160.
https:/ /doi.org/10.1016/j.watres.2020.116160

15. LiY, Miyani B, Faust RA, David RE, Xagoraraki I. A broad
wastewater screening and clinical data surveillance for
virus-related diseases in the metropolitan Detroit area in
Michigan. Hum Genomics. 2024;18:14. https:/ / doi.org/
10.1186/540246-024-00581-0

Address for correspondence: Alexandria B. Boehm, Department of
Civil and Environmental Engineering, Stanford University, 473 Via
Ortega, Stanford, CA 94305, USA; email: aboehm@stanford.edu

1445


https://doi.org/10.15585/mmwr.mm7347a2
https://doi.org/10.15585/mmwr.mm7347a2
https://doi.org/10.1128/CMR.15.3.485-505.2002
https://doi.org/10.1128/CMR.15.3.485-505.2002
https://doi.org/10.1128/CMR.00040-16
https://doi.org/10.2807/1560-7917.ES.2024.29.24.2400299
https://doi.org/10.2807/1560-7917.ES.2024.29.24.2400299
https://doi.org/10.1056/NEJMra030840
https://emergency.cdc.gov/han/2024/han00514.asp
https://doi.org/10.2807/ese.13.48.19053-en
https://doi.org/10.3390/jpm14020139
https://doi.org/10.1038/s41597-024-03969-8
https://doi.org/10.1038/s41597-024-03969-8
https://doi.org/10.1038/s41598-022-07523-7
https://doi.org/10.1038/s41598-022-07523-7
https://iris.who.int/handle/10665/42980
https://doi.org/10.1128/JCM.00706-08
https://doi.org/10.1128/JCM.01062-09
https://doi.org/10.1016/j.watres.2020.116160
https://doi.org/10.1186/s40246-024-00581-0
https://doi.org/10.1186/s40246-024-00581-0
mailto:aboehm@stanford.edu
http://www.cdc.gov/eid

