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ABSTRACT

Polyethylene glycol (PEG 6000) precipitation has been identified as an efficient pre-analytical procedure for
determining the concentration of viral fragments via clinical and natural specimens’ collection, especially in low viral
load conditions. The accuracy of viral load, especially by polymerase chain reaction, is necessary to diagnostic of
different viral infections. PEG 6000 enhances the analytical sensitivity of post-processing molecular techniques,
including polymerase chain reaction, by decreasing the volume of samples and increasing the density of virus particles.
This method is particularly useful for wastewater — based epidemiological research as well as for detecting latent or
persistent viral infection. Nevertheless, PEG-mediated precipitation processes can co-isolate inhibitor compounds
which interact with amplification performance; it requires thoughtful optimization and confirmation, given the
benefits. Consequently, PEG 6000 offers an economically feasible and flexible strategy for viral enhancement with
significant consequences of improving both the accuracy and sensitivity associated with research as well as medical
laboratory diagnostic applications. This review provides a comparative assessment of inhibitor mitigation strategies.
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Review Methodology

This narrative review was applied depend on some studies that conducted to identify the application of polyethylene glycol (PEG 6000) precipitation for viral
concentration and the mitigation of PCR inhibitors. Electronic databases, including Google Scholar, PubMed, ScienceDirect, Scopus and Web of Science,
were systematically searched for articles published between 1988 and 2025. The search strategy employed combinations of the following keywords and their
related terms: polyethylene glycol 6000, PEG precipitation, virus concentration, viral load, PCR inhibitors, wastewater surveillance, viral recovery, molecular
diagnostics, and RT-qPCR. Studies were considered qualifying for this review if they demonstrated the use of PEG 6000 for viral concentration, evaluated
viral recovery performance, valued approach techniques for PCR inhibitor removal or mitigation, likened viral concentration methods, or provided appropriate
methodological or clinical perception into molecular viral detection. Handiest articles published in English and to be had as full-text peer-reviewed publications
have been blanketed. Publications restricted on bacterial or fungal applications, conference abstracts, duplicate publications, articles lacking enough
experimental or methodological data, and reviews irrelevant to PEG-based viral concentration have been excluded. The regained literature was explored for
relevance based on the title, abstract, and full-text review, and the best informative and scientifically robust studies were selected to offers a comprehensive
assessment of PEG 6000-mediated virus precipitation, its applications, current challenges, and strategies for minimizing inhibitor interference in molecular
diagnostic assays.

1-INTRODUCTION

Quantifying viral load is one of the cornerstones of advanced virology and has an impact on clinical
assessment, treatment surveillance and infection control approaches. Despite improvements in molecular
diagnostics, the detection of viruses in low viral burden samples is still problematic. Consequently, pre-analytical
specimen processing procedures and specific viral concentration measurement methods are necessary (1,2). PEG
6000 is a type of hydrophilic polymer that is typically used to precipitate macromolecules like viruses or other
proteins (3,4). The use of it within virology has generated rising interest given its ease of use, capacity for expansion
and alignment with biological assays (5). PEG 6000 induces viral precipitation through the volume exclusion effect,
whereby PEG molecules reduce the solvent volume available to viral particles, thereby decreasing their solubility
and promoting aggregation.

Polymethyl glycol promotes the aggregation of viral particles formation in a solution of salt (usually Nacl),
and both of these can be purified by using centrifugation (6,7). Wastewater consists of a variety of possible PCR
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inhibitors from the surroundings (8). the number of viral particles can additionally give rise to concentration and
simultaneous purification of atypical inhibitors, which could severely decrease PCR sensitivity (9). Research studies
also indicate which probes and primers are rarely equally affected by different inhibitors, and can give rise to
excessive and inadequate representation of some virus target groups (RNA and DNA) in a specimen (10). The
reason for this represents a non -specific process, suitable for many different kinds of viruses, which include both
enveloped or non- enveloped viruses as well as DNA or RNA viruses, although recovery effectiveness might differ.

1- Principle of PEG 6000-Mediated Virus Precipitation

Polyethylene glycol 6000 is a widely utilized polymeric compound in the field of molecular biology, used to
purify viruses, which is an essential procedure for accurate measurement of virus concentration and different
proteins. The basic principle of action of the PEG molecule fills the space and attaches to water, which reduces the
volume of liquid solvent accessible to virus particles (4,11). The macromolecular crowding effect can leads to the
aggregation and precipitation of the viruses which consequently this makes it possible to separate and concentrate
the viruses from a larger volume of samples (12). The process of purifying the sample is essential to improve the
sensitivity of the following up detection processes, such as PCR or RT-PCR, in particular when viruses are found
at low concentrations (13,14). Figure (1).

Addition of PEG

Figure 1. The volume exclusion mechanism by which PEG 6000 reduces the solvent volume available to viral
particles, subsequently promoting aggregation and precipitation (17).

2- Polyethylene Glycol 6000 precipitation Methodology

The standard process is required by PEG600 (8-12%) concentration, and 2% (w/v) NaCl to incubate the
sample at 4 °C for several hours to overnight, which was added to the samples, such as serum, plasma and other
fluids, allowing for virus aggregate formation by volume exclusion (15). A high-speed centrifugation was
performed to separate the particles of the virus. The supernatant was carefully decanted, and the resulting pellet was
re-suspended in a smaller amount of buffer to improve nucleic acid extraction as well as to improve the sensitivity
of viral load quantification of viral load detection by PCR (16).

3- Application of PEG 6000 in viral load:
a-Clinical Samples: In the context of the clinical virology field, PEG 6000 was commonly utilized for
concentrating viral particles coming from serum, plasma, stool, wastewater and various other biological
samples in order to optimize nucleic acid extraction (18). Thus, greatly enhances the sensitivity of analysis
about viral load tests for clinically important pathogens like hepatitis C, hepatitis B, cytomegalovirus, HIV,
norovirus, rotavirus and COVID-19 infections and is evaluated by using quantitative PCR and reverse
transcription PCR methods (19,20).
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b-Environmental and wastewater monitoring: PEG 6000 is a common method used in wastewater -based
epidemiology for precipitation and detection of different viruses, particularly during epidemics. This
improves viral recovery from big volume specimens and allows for quick detection of widespread. These
techniques it acts like a molecular sponge, absorbing water and changing the soluble state of viral particles,
so that they may be readily formed and extracted as usual (6,21,22).

4- Effect on detection sensitivity at the molecular levels:

Precipitation with PEG 6000 significantly improves the analytical sensitivity of the molecular diagnosis
test by focusing viral particles and preserving viral nucleic acid from degradation before extraction (23).This level
of concentration procedure increases the quantity of target DNA or RNA obtainable for amplifying it, leading to
reduced cycle threshold (CT) value in different real time PCR assays, enhanced limitation of detection and increased
reliable detection of samples with low levels of viruses. The use of PEG 6000 also reduces the stochastic variation
associated with small template quantities and enhances the consistency of the testing, which reduces the risk of false
negative findings, especially in samples with viral levels near the limit of the detection threshold (12). PEG-based
concentration measurement methods are thus particularly useful in clinical diagnosis, epidemiological monitoring
and basic research, in which high sensitivity is necessary for accurate identification and quantification of viral
infections (24).

5- Advantages of PEG 6000 precipitation methods:

The method is actually simple and does not need advanced equipment like ultracentrifuges, which makes it
readily available during routine laboratory testing and research institutions with limited funds. PEG 6000 is
affordable and stable in chemical form, simple to prepare, and thus offers relatively low running expenses and high
capacity for expansion for processing of small sized human specimens or large-volume sample sizes such as
wastewater or environmental monitoring specimens (25). Moreover, the precipitation procedure is simple and
maintains the structural strength of the virion and the stability of viral nucleic acid, allowing for efficient
downstream extraction and accurate detection by Real time PCR and next generation sequencing (26). The
procedure is highly repeatable, amenable to automation and easily standardized among labs, which promotes
research comparison and consistency. Taken together, these features render PEG 6000 precipitation a convenient
and dependable concentration method to increase viral recovery and improve the sensitivity of molecular assays in
healthcare and public health contexts (12).

6. Comparison of strategies used to mitigate PCR inhibitors

Polyethylene Glycol 6000 precipitation is a widely adopted and cost-effective method for concentrating
viruses, it frequently co-precipitates substances that inhibit downstream molecular assays, particularly RT-qPCR.
Common inhibitors include humic acids, fulvic acids, polysaccharides, proteins, bile salts, heavy metals, and
residual PEG. In order to increase nucleic acid purity and analytical sensitivity, a number of post-concentration
purification techniques have been developed. Among these, DAX-8 resin treatment which is non -lonic polymeric
adsorbent has reported boss removal of humic substances from environmental samples, from other hands magnetic
bead-based purification and silica column extraction meaningfully eliminate residual contaminants while preserving
viral nucleic acids. Ultrafiltration provides an effective alternative for concentrating viruses while reducing low-
molecular-weight inhibitors, although membrane fouling may limit its efficiency. Sample dilution remains the
simplest approach but inevitably decreases viral nucleic acid concentration, potentially reducing assay sensitivity.
Accordingly, the choice of an inhibitor mitigation strategy should be based on the sample matrix, target virus, and
downstream molecular application to achieve the optimal trade-off between viral recovery and inhibitor removal.
Table (1).
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Table 1. Comparison of strategies used to mitigate PCR inhibitors following PEG 6000-mediated virus precipitation

Strategy Mechanism Advantages Limitations samples References
DAX-8 resin Removes humic Excellent inhibitor Additional Wastewater, (13)
acids and removal; improves processing; surface water
hydrophobic RT-qPCR slight viral loss
organic inhibitors performance possible
Ultrafiltration removal of low- High viral Membrane Wastewater, (18,22)
molecular-weight recovery; suitable fouling; environmental
inhibitors for large volumes specialized water
equipment
Magnetic beads Selective binding of High nucleic acid Higher cost Clinical and (8,9)
viral nucleic acids; purity; automation environmental
removes compatible samples
contaminants
Sample dilution Lowers  inhibitor Simple, rapid and Dilutes nucleic Clinical and (10,27)
concentration of inexpensive acids, reducing wastewater
PCR sensitivity samples
Silica column Adsorption of Standardized and Possible nucleic Clinical samples, (14,16)
purification nucleic acids with reproducible acid loss; wastewater

sequential washing

additional cost

7- Limitations and challenges:

Although effective as a low cost, broadly available technique for determining concentration, PEG 6000
precipitation is a variety of limitations, which include co-precipitation of compounds that might interferes with PCR
amplification, variable reactivity efficiency depending on viral form and physical properties, an essentially time-
consuming with rapid commercially available extraction procedures and the need to carefully optimize PEG
concentration, ionic strength, temperatures incubation and centrifugation settings based on the specific
characteristic of each samples matrix to ensure reliable and accurate viral detection (27).

Future and prospects:

Standardized and universally recognized PEG 6000 precipitation protocols need to be developed in future
research. Furthermore, PEG-based concentration should be combined with advanced purification methods,
including ultrafiltration and magnetic bead extraction, to decrease inhibitory substances (28). In the final analysis,
these methods should be integrated into automated high-throughput molecular detection systems. Additionally, the
role of PEG 6000 in the detection and observation of newly and recurrently identified viral pathogens, including
novel respiratory viruses, arboviruses and zoonotic agents, can be further extended for enhancing its utility as a
reliable and cost-effective tool for the sensitivity of viral detection in environmental and clinical samples (29,30).

CONCLUSION

Polyethylene glycol 6000 precipitation provides a simple, low-cost and highly efficient method for purifying
particles of viruses from clinical and environmental specimens. It greatly enhancing the analytical sensitivity of
PCR-based assays by improving the amount of obtainable viral nucleic acid, especially in samples with minimal
viral load. This method is widely used for the detection of RNA and DNA viruses and is particularly useful for labs
with limited resources. The elements, such as co-precipitation of PCR inhibitors and inter-protocol differences, can
impact efficiency, but these limitations may be reduced by optimization techniques and the correct purification
procedures. In summary, PEG 6000 still represents a reliable and flexible material for enhancing the accuracy of
viral detection and still maintains a key part in the modern era of the molecular diagnostic field and virology studies.
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