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Abstract

Despite substantial advances in knowledge and understanding about Zika virus (ZIKV), 

limitations in surveillance for this mainly asymptomatic infection constrain attempts to 

characterize the epidemiological distribution of the virus. Monitoring of fecal waste streams 

including sewage offers opportunities to track the spread of arboviruses such as ZIKV, known to 

be present in fecal waste and urine. To demonstrate the feasibility of ZIKV RNA detection in 

sewage, we examined viral RNA decay in sewage from a local wastewater treatment plant. We 

added ZIKV (MEX 1–44) to unpasteurized sewage and stored the samples at 4°C, 25°C or 35°C 

for one month. We extracted nucleic acids from the mixture using a QiaAmp Minelute Virus Spin 

Kit and measured ZIKV RNA using a TaqPath Zika Virus Kit. We found no appreciable decline 

in ZIKV RNA detection at 4°C during the month. We estimate that 90% decay of detectable 

ZIKV RNA occurred after 21 days at 25°C and after 8.5 days at 35°C. Our preliminary work 

suggests ZIKV RNA can remain detectable in sewage over a range of temperatures and that 

sewage provides a cost-effective, community diagnostic tool that deserves further investigation as 

a novel epidemiologic surveillance approach.
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Introduction

Zika virus (ZIKV) was first isolated in Uganda in 19471 and identified as an infection in 

humans in 19542, but it was not until 2007 that a large-scale human outbreak of ZIKV was 

reported in Yap Island of the Federated States of Micronesia.3 The first detection of ZIKV in 

the Americas was not until March 2015 when Brazil reported a novel febrile illness outbreak 

to the World Health Organization.4 Initial reports indicated symptoms were mild and tests 

were negative for many pathogens.4 By May 2015, Brazil confirmed ZIKV was circulating 

in the country4 with the initial sites of the outbreak in Northeast Brazil.5 Within two years, 

ZIKV emerged as a cause of the serious birth defect microcephaly, and the rare neurological 

disorder Guillain-Barre syndrome.6

Since the initial outbreak of ZIKV in 2015, 87 countries have discovered evidence 

of local ZIKV transmission.7 More than 20 countries had increases in Guillain-Barre 

syndrome associated with ZIKV infections, and more than 30 countries had an increase in 

microcephaly which was likely associated to ZIKV infection.8 Recent evidence suggests that 

the ZIKV strain circulating in the Americas is responsible for an outbreak of microcephaly 

in Angola.9 Globally, 61 countries with established competent Aedes aegypti vector 

populations have not yet documented ZIKV transmission highlighting the potential for 

continuing transmission in immunologically naïve populations.10

Currently, surveillance efforts mandate that only individuals who display ZIKV-like 

symptoms undergo laboratory testing for ZIKV infection.11 Furthermore, it is estimated 

that between 60~80% of ZIKV infected patients are asymptomatic.3, 12 This results in 

an underestimation of the true prevalence of infection and related complications, leaving 

estimations biased towards those who seek care or develop symptoms.13 Developing a 

cost-effective method for detection of ZIKV would allow a more accurate evaluation of the 

extent of virus circulation and distribution of virus infections in resource-limited settings.

ZIKV is a lipid-enveloped flavivirus that has a structure similar to other mosquito-borne 

human pathogen flaviviruses including West Nile virus and Dengue virus.14 These 

flaviviruses have a single-stranded positive sense RNA genome. ZIKV is 50 nm in diameter 

and its genome is 11kb in length.14 ZIKV RNA is found in human saliva, semen, and 
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urine,15 and recently was detected in feces.16 While mosquitoes are the primary vector for 

human infection with ZIKV, there is also evidence of human vertical and sexual transmission 

of this virus.17 Furthermore, there is some evidence to suggest that the structural stability 

of ZIKV may allow the virus to remain intact and infectious under harsher conditions than 

other flaviviruses and this is perhaps why it can be found in additional bodily fluids.18 

More specifically, researchers demonstrated that ZIKV retained higher levels of infectivity 

when incubated in cells at 40°C than Dengue virus.18 In addition, researchers demonstrated 

that ZIKV could remain infectious on surfaces for up to three days in laboratory settings.19 

However, due to the presence of the virion envelope, these viruses are not expected to be 

stable in water under non-physiological salt concentrations.

While the fate and persistence of non-enveloped, enteric viruses in municipal wastewater 

has been well documented,20–23 the envelopes of viruses (such as ZIKV) are expected 

to negatively impact their persistence outside of the body and their nucleic acids in 

environmental waters such as wastewater. However, there is growing evidence that human 

enveloped virus surrogates, such as Φ6 and murine hepatitis virus, may be stable in the 

environment and persist in the urban water cycle along with evidence that human pathogenic 

viruses, such as influenza and SARS, may be stable in water.24–27 Effective methods to 

detect ZIKV RNA in sewage and environmental waters contaminated by sewage would 

provide an additional tool for determining the burden of virus infection in a community, 

especially in communities challenged by limitations of resources for providing standard 

clinical testing. Furthermore, there is a potential for application of surveillance using 

wastewater-based epidemiology for other enveloped viruses, such as SARS-COV-2, in this 

setting.28–29

The goal of this study was to develop a system for analysis of the persistence of ZIKV 

RNA in environmental waters using commercially available RNA extraction and detection 

kits. In addition, we evaluated the stability of ZIKV RNA detection in sewage over three 

temperatures (4°C, 25°C, or 35°C) using this system. The results suggest that ZIKV RNA 

will remain detectable for weeks in sewage.

Materials and Methods

ZIKV culture: Vero 76 cells were obtained from ATCC and grown in high glucose 

Dulbecco’s Modified Eagle Medium (DMEM) containing 10% fetal bovine serum (FBS), 

4 mM glutamine, 1 mM sodium pyruvate, 1X nonessential amino acids and penicillin (100 

U/ml)/streptomycin (100 μg/ml) at 37°C in 5% CO2. An aliquot of ZIKV, strain MEX 1–44, 

was provided by Dr. Robert Tesh from the World Reference Center for Emerging Viruses 

and Arboviruses (WRCEVA), University of Texas Medical Branch, Galveston, TX. A stock 

of ZIKV was prepared by infecting confluent monolayers of Vero cells in T175 flasks at 

a MOI of ~ 0.1. The culture media was harvested and fresh media replaced at 48, 72 and 

96 hours post infection. Clarified culture fluid was aliquoted and stored at −80°C. The 

infectivity titer was determined by plaque assay on Vero cells. The 48-hour virus harvest, 

which had a titer of 2.4 × 106 PFU/ml, was used for the experiments described.
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Sewage: Sewage was collected from the influent to the primary clarifier of a wastewater 

treatment plant in Atlanta, GA. Data from the wastewater treatment plant indicated that the 

total suspended solids for that week averaged 402 mg/L, volatile suspended solids averaged 

323 mg/L and biological oxygen demand averaged 253 mg/L in the influent to the primary 

clarifier. The sewage was stored at 4°C for no longer than 7 days prior to use.

Controlled laboratory experiments: We spiked ZIKV MEX 1–44 in triplicate to aliquots of 

sewage to achieve a concentration of 105 PFU/ml. The samples were stored in incubators or 

the refrigerator and we extracted nucleic acid from the samples on days 0, 7, 14, and 29. 

Aliquots of sewage that were not spiked with ZIKV were also incubated and extracted to 

serve as negative biological controls.

Nucleic acid extraction was performed using a QiaAMP Minelute Virus Spin kit. Briefly, 

200 μL of virus-spiked sewage was removed from the sample at each time point. Nucleic 

acid was extracted according to the manufacturer’s recommendations and eluted to a final 

volume of 50 μL with Buffer AVE. Duplicate 25 μL aliquots of the eluates were stored 

at −20 °C. For each sample, we used 2 μL of the extract for analysis, equating to 8 

μL of spiked wastewater in each reaction. Samples were tested for ZIKV RNA using a 

one-step real-time reverse transcription polymerase chain reaction (RT-PCR) assay using a 

TaqPath™ Zika Virus Kit (Fisher Scientific) in duplicate reactions. The primer and probe 

sequences of the TaqPath ZIKV kit are proprietary products of ThermoFisher but the 

assay targets the NS1 gene of the Asian lineage of ZIKV.30 The TaqPath kit contains 

lyophilized reagents that arrive in pre-loaded plates. No modifications to the primers, 

probe, Mg++, dNTP, polymerase, or additive concentrations were made, and the reactions 

were performed according to the manufacturers’ protocol. RT-qPCR was performed on an 

Applied Biosystems™ 7500 Real-Time PCR System Instrument. Cycling conditions were 

based on the recommendations of the manufacturer: Reverse-transcription at 50°C for 10 

min, activation at 95°C for 2 min, PCR amplification for 40 cycles at 95°C for 3 sec and 

then 60°C for 30 sec. Each run included no-template controls consisting of UV-treated 

molecular grade water and a positive ZIKV RNA control. For quantification, standard curves 

were prepared by serially diluting the ATCC ZIKV RNA standard (ATCC® VR-1843DQ) 

in Buffer AVE to produce a six-point serial dilution. The slope of the two standard curves 

run on each RT-qPCR plate used in this study resulted in mean values of R2 and RT-qPCR 

efficiency of 0.98 and 109.15%. We consistently detected our lowest serial dilution at 

approximately 2 copies per reaction. The RT-qPCR efficiency was calculated with the online 

ThermoFisher Scientific qPCR Efficiency Calculator. In addition, we checked for RT-qPCR 

inhibition by testing 1:10 dilutions of samples from day 0 and day 29.31

Data analysis: Quantities of ZIKV RNA estimated from RT-qPCR were used to fit a general 

linear mixed model. RNA from each replicate (A, B, C) at each temperature condition (4°C, 

25°C, 35°C) was extracted at four time points (day 0, 7, 14, 29) for a total of 36 repeated 

measures. Moderation of temperature in the temporal relationship was explored with testing 

of interaction effects. The treatment group at 4°C was used as the reference category in the 

model. In addition, the decay of ZIKV RNA as Ln (C/Co) reductions were analyzed over 

time and the first order decay constants were calculated.32 The analysis was completed using 

SAS 9.4 and Microsoft Excel Version 16.6.4 software.
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Results and Discussion:

We estimated mean log10 RNA copies per RT-qPCR reaction as 4.91 (SD 0.13) for all 

ZIKV spiked samples at day 0 using the conservative assumption that our ATCC RNA 

concentration was 105 copies/μL. This suggests a ratio of ~100 RNA copies per plaque 

forming unit (pfu); a value approximately one order of magnitude lower than estimates 

from the literature.33 While the relative infectivity of the virus sample was lower, it did not 

impact our ability to measure the relative decay of the ZIKV RNA signal as ZIKV RNA was 

detectable in all spiked samples. Amplification was not observed in any of the biological or 

RT-qPCR no-template controls. We found no evidence of RT-qPCR inhibition in our analysis 

of diluted and undiluted samples.31

For the ZIKV RNA detection experiments (Figure 1a and 1b) we found limited decay in the 

detection of ZIKV RNA at 4°C over the length of the experiment with <1 log10 reduction 

(<90%) in detection of ZIKV RNA signal over 29 days. At 4°C, there appeared to be an 

increase in ZIKV RNA detection above baseline at day 7 and day 14 in all three replicates. 

Reduction in ZIKV RNA detection at 4°C did not occur until day 29. At 25°C, log10 ZIKV 

RNA detection demonstrated a linear decline from 105 copies per rxn on day 0 to 103 copies 

on day 29. At 35°C, there was a more variable and rapid decline in log10 ZIKV RNA 

detection with 105 copies on day 0, 102 copies on day 14, and 101 copies on day 29.

Using the average (across biological replicates) ZIKV RNA concentration for each 

temperature, we examined the decay of ZIKV RNA signal over time using a first order 

decay equation [Log10 (C)/Log10(Co)=−k*t/Ln(10)]. As shown in Table 1, the decay 

constant of the ZIKV RNA signal at 4°C was 0.01(d−1), at 25°C, it was 0.11(d−1), and 

at 35°C, it was the most rapid at 0.27(d−1). For 4°C, the R2 value was < 0.01 suggesting a 

poor fit for the model. A better fit was achieved for 25°C and 35°C (R2 >0.85). Using the 

first order decay equation, we estimate a 90% reduction in detectable ZIKV RNA would 

take 230 days at 4°C, 21 days at 25°C and 8.5 days at 35°C.

This is the first controlled laboratory experiment examining the persistence of the detection 

of an arbovirus genome RNA signal in spiked sewage. The TaqPath kit was originally 

designed to work with serum or urine and we were able to extract ZIKV RNA from sewage 

and detect it using this commercial test kit. This result suggests that these test kits may 

be used successfully for testing extracted environmental samples containing ZIKV RNA 

or the nucleic acid of other enveloped viruses of epidemic or pandemic concern.34–35 

While the initial concentration of ZIKV added to the samples was high, the results support 

further investigation into concentration and recovery methods for detection of ZIKV RNA in 

sewage and environmental waters.

We found that detection of ZIKV RNA in sewage was consistent at 4°C for one month. 

At higher temperatures, the ability to detect ZIKV RNA decreased with time but ZIKV 

RNA detection was still possible for weeks even at 35°C. Wastewater collection, storage 

and treatment varies greatly across the world. In urban Brazil, more than half of all sewage 

produced is collected in seweraged networks and only 70% is treated; often in ponds 

(anaerobic and facultative).36 In these settings, sewage may be conveyed to ponds via open 
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canals. The ability of ZIKV RNA to persist over time under tropical temperatures is an 

important finding.

Ye et al. (2016)25 examined the stability of two enveloped viruses, murine hepatitis virus 

and Pseudomonas phage Φ6, spiked into sewage at 25°C and 10°C and found that they 

remained infectious over weeks. A review of the stability and persistence of more than a 

dozen enveloped viruses in environmental waters documented that 90% inactivation of virus 

infectivity occurred from hours to weeks depending on the conditions studied.24 Our study 

documented a relatively low k-value (suggesting weeks for decay at 4°C). This may be 

the result of the use of a nucleic acid detection method. Our method detects only a small 

fragment of the ZIKV RNA (~100 base pairs). In their meta-analysis of decay constants 

of waterborne mammalian viruses, Boehm et al. (2019)37 documented smaller k-values 

when nucleic acid detection methods were compared to infectivity assays indicating greater 

persistence of molecular signals than of infectious viruses. The segment of ZIKV RNA 

detected in our assay is small and does not indicate that the virion was intact. However, the 

greater variability and more rapid decay of the ZIKV RNA signal at 35°C suggests more 

biologic and enzymatic activity that degraded the ZIKV RNA at this higher temperature. 

Notwithstanding, the ability to detect the ZIKV RNA over weeks in sewage even at 35°C 

suggests that some portion of the viral RNA may be more protected than originally thought; 

possibly due to the continued association of viral RNA fragments with capsid dimers.38

There is growing evidence that ZIKV may also be present in human feces as researchers 

detected ZIKV RNA in a metagenomic analysis of wastewater in Uganda39 and in rectal 

swabs from ZIKV infected patients.16 Environmental surveillance of sewage for the nucleic 

acids of ZIKV, or of those of other viruses of pandemic concern, may be advantageous partly 

because widespread, community-level surveillance of viruses causing mostly asymptomatic 

infections may not be logistically or economically feasible. Furthermore, although the 

worldwide spread of ZIKV has subsided, more than 2 billion people live in areas at risk 

of transmission and re-emergence.40–41

Our study adds support for the ability of an enveloped virus RNA to remain detectable in 

sewage for weeks. The results highlight the potential for examining ZIKV RNA stability 

in environmental waters as an epidemiologic screening tool, especially in those waters 

that receive human waste. The use of PCR technologies to surveil for a circulating virus 

could provide a method that has a more rapid turn-around time than viral infectivity assays 

and allow real-time tracking during an outbreak. Furthermore, the study results suggest 

that archived samples of wastewater collected during environmental surveillance for other 

pathogens, such as poliovirus, would be possible sources for exploration of ZIKV prevalence 

during the recent ZIKV outbreak, especially in high burden countries such as Brazil.

This study also adds knowledge to the growing field of wastewater epidemiology for 

infectious disease surveillance.42–43 The assumption that the genome RNAs of enveloped 

viruses rapidly degrade below detectable levels in water is in contrast to our findings. 

Utilizing wastewater samples to detect the circulation of an arbovirus or other non-enteric 

viruses within a community may be a viable alternative to or complement for clinical 

surveillance data especially with infectious diseases that may be primarily asymptomatic.
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Figure 1a and b. 
Log 10 (C/Co) ZIKV RNA decay over time in sewage and ZIKV RNA copies per rxn 

detected in sewage over time at 4°C, 25°C, and 35°C (bars show standard deviation of the 

mean of the biological replicates)
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Table 1.

First order decay constants for ZIKV RNA detection in sewage at three temperatures

Temperature First order rate constant k(d−1) (Standard Error) R2 T90(d)

4°C 0.01 (0.03) <0.01 230

25°C 0.11 (0.02) 0.85 21

35°C 0.27 (0.04) 0.92 8.5
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