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INTRODUCTION  

 

Contamination of water supplies with enteric viruses is a significant concern for 

public health. The water plays a meaningful role as a transmission route of many enteric 

viruses. Furthermore, the main source of viral contamination is through discharging of 

treated or non-treated sewage in surface waters. Environmental epidemiological studies 

are crucial because many infectious diarrheal diseases remain with unknown etiological 

agents (Fong and Lipp, 2005; Bridge et al., 2010; Ong et al., 2016). Diarrheal illnessess 

cause about 88% of deaths worldwide (Liu et al., 2012), and WHO estimated that about 
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There are extremely limited data on the prevalence and quantification of human  

bocavirus (HBoV) genotypes in different environments, particularly for rivers 

and drinking water. Here we performed quantitative real-time PCR (qPCR) to 

investigate the presence and load of HBoV genotypes in Nile water, drinking 

water, and effluent of the activated sludge wastewater treatment facility in Giza, 

Egypt. The results revealed that the detection rate of HBoV was 95.8%  (23/24) 

and 29.2%  (14/48) in effluents of wastewater treatment facility and Nile water 

samples, respectively. HBoV was not found in drinking water samples from the 

Giza governorate. The mean concentration values of human bocavirus 

genotypes HBoV-1, HBoV-2/4 and HBoV-3 were 0.52 log10 GC/L, 2.2 log10 

GC/L, 0.3 log10 GC/L, respectively in HBoV-positive Nile water samples (n = 

14), while in HBoV-positive effluent of wastewater samples (n = 23) were 0.77 

log10 GC/L, 2.3 log10 GC/L, and 1.6 log10 GC/L, respectively. The viral type had 

a significant impact on the prevalence of the virus in surface water as well as 

effluent samples. A seasonal pattern of HBoV subtypes was observed in surface 

water (P  = 0.0002), as the highest detection rate was found during winter. 

Furthermore, the discharge of the effluent with higher viral concentration into 

the water sources leads to viral contamination of these sources, which may be a 

probable source for human infections. This study is executed to fill a gap of 

knowledge concerning the quantification and genotyping of bocavirus in Nile 

water, and enrich the scientific literature body by providing data about HBoV in 

environmental samples.  

https://pubmed.ncbi.nlm.nih.gov/?term=Rizk+NM&cauthor_id=31456085
https://pubmed.ncbi.nlm.nih.gov/?term=Hamza+IA&cauthor_id=31456085
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1.7 million deaths from ~ 4 billion cases of diarrhea annually, primarily related to unsafe 

drinking water and poor hygiene (Bosch, 2007). 

Human bocavirus was first reported in Swedish children's respiratory tract samples 

in 2005 (Allander et al., 2005). Bocavirus belongs to the Parvoviridae family, which 

causes infection only in vertebrates (Jartti et al., 2012; Cotmore et al., 2014). HBoVs 

are single-stranded icosahedral, non-enveloped DNA viruses with a length of 5.3 kb. 

HBoVs consist of three open reading frames (ORFs), two non-structural proteins (NS1 

and NP1) are encoded by ORFs (1, 3), and the viral capsid proteins 1 and 2 (VP1 and 

VP2) are encoded by ORF2  (Allander et al., 2005; Gurda et al., 2010; Schildgen et al., 

2012; Zhao et al., 2012). 

Four genotypes have recently been identified, including HBoV-1, HBoV-2, HBoV-

3, and HBoV-4 (Allander et al., 2005; Arthur et al., 2009; Kapoor et al., 2010, 2011), 

Acute respiratory infections are usually associated with the first genotype (HBoV-1), 

while the remaining genotypes are found initially in stool samples of patients suffering 

from gastroenteritis (Allander et al., 2005; Arthur et al., 2009; Kapoor et al., 2011). 

However, the pathogenesis of HBoV is not clear because of the lack of animal models 

and specific cell lines (Song et al., 2010; Koseki et al., 2012). The evolution of HBoV 

subtypes has been causally associated with a high frequency degree of recombination at 

VP1 and  NP1 genes within/and between bocavirus species (Kapoor et al., 2010). 

Different qPCR and conventional PCR (single, nested) targeting different genes (NS1, 

NP1, VP1, VP2) for detection of HBoV were well established  (Allander et al., 2005; 

Zhao et al., 2012; Misigo et al.,  2014; Hamza et al., 2017; Lin et al., 2020). Globally, 

HBoV genotypes have been identified without any geographical or boundary restrictions. 

The infection rate with HBoV is more likely to be higher in developing countries (from 

29.2% to 63.0%) than in developed countries (from 1.3% to 6.3 %) (Guido et al., 2016). 

Several environmental studies on various enteric viruses including adenovirus, 

rotavirus, norovirus and astrovirus in Egypt have been found (Ali et al., 2004; Kamel et 

al., 2009; Rizk and Allayeh, 2018; Rizk et al., 2019; Gad et al., 2019). Globally, other 

reports recorded the prevalence of HBoV in wastewater (60–93%) and surface water (37–

40%) (Blinkova et al., 2009; Hamza et al., 2009; Bibby and Peccia, 2013; Myrmel et 

al., 2015; Iaconelli et al., 2016; La Rosa et al., 2017; Hamza et al., 2017). However, 

environmental epidemiological studies of HBoV in Egypt are limited (Hamza et al., 

2017; Shaheen et al., 2019), and collectively did not consider quantitation and 

genotyping of HBoV in Nile river water, and did not test HBoV in drinking water. The 

presence of HBoV in water used for drinking or recreation purposes, may increase the 

potential risk of infection as has been proposed for other enteric viruses (Lodder and 

Husman, 2005; Hamza et al., 2009; Wang et al., 2010). To the best of our knowledge, 

no studies on the presence of HBoV in drinking water were found, and so far, one study 

about the quantification and genotypes of HBoV in environmental samples in Egypt is 
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present. Therefore, we aim to assess the prevalence, viral loads and genotypes of HBoV 

in Nile water, drinking water and effluents of wastewater treatment facility.  

 

MATERIALS AND METHODS  

 

A total of 120 samples were collected from Nile water (n=48), drinking water 

(n=48), and from effluents (n=24) of Zenin wastewater treatment facility (ZWWTF) with 

a designed capacity of 330,000 m
3
/day. The surface water samples were collected from 

Nile river beside Gazirat Al Dahab drinking water treatment facility (GDWTF). The 

drinking water samples were collected from two sites, the first site near the drinking 

water station (GDWTF) at Al Munib district, and the second site far from the drinking 

water station at Faisal district.   Both districts were supplied by drinking water from 

GDWTF. The sample volumes were 5 liters, 10 liters and 20 liters for the effluent of 

ZWWTF, Nile water and drinking water, respectively.  

Samples concentration and processing  

Water samples were separately concentrated by filtration through negatively 

charged nitrocellulose membranes (0.45µm pore size) after addition of MgCl2 to a final 

concentration of 0.5 mM and acidification to pH 3.5. The adsorbed viruses to the 

membrane were eluted with 75ml of 3% beef extract-0.05M glycine buffer, pH 9.5 (Lab-

Limco powder, OXOID, UK). All samples were reconcentrated using an organic 

flocculation (APHA, 2012). The eluate was acidified to pH 3.5 using HCl , centrifuged at 

3000 rpm for 15 min, the supernatant was discarded, and the pellet was dissolved in 1 ml 

of Na2HPO4 (0.14 N, pH 9). 

Nucleic Acid Extraction 

Viral nucleic acids were extracted from 200µl of the concentrated sample using 

DNeasy PowerLyzer PowerSoil Kit (QIAGEN-USA) according to the manufacturer’s 

instructions. The obtained nucleic acid was dissolved in 80µl of elution buffer and kept at 

-70
o
C until used. 

Detection and Quantification of HBoV by qPCR 

All primers used in the current study are listed in Table 1. For HBoV-1, the 

quantification protocol specific to NP1 gene was used (Hamza et al., 2009). A single 

sense primer was shared in HBoV -2, 3 and -4 quantification while the same antisense 

primer was used in the qPCR of  HBoV-2 and -4 (Kantola et al., 2010). SYBR green 

qPCR assay was conductnded for HBoVs quantification using a Maxima SYBR Green 

qPCR Master Mix Kit (Thermo Scientifc). The real-time PCR amplification thermal 

conditions were as follow; 30 s initial denaturation step at 95
o
C, 40 cycles of denaturation 

at 95
o
C for 15 s and annealing-extension at 55

o
C for 30 s. The specificity of the reactions 

was determined by melting curve analysis of the amplicons. The genome copy number of 

Bocavirus genotypes (HBoV-1, HBoV-2/4 and HBoV-3) was determined by comparison 

with a standard curve generated with serial dilutions of positive control of the PCR 

product from each genotype. The PCR product was purified using Wizard® SV Gel and 
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the PCR Clean-Up System (Promega, USA). Nucleic acid concentrations of the purified 

PCR products were determined by NanoDrop Fluorospectrometer (Thermo-Scientific, 

USA). The number of DNA copies was determined by multiplying the DNA 

concentration by Avogadro’s constant and dividing by the product size and average 

weight of a base pair. The standard curves of each examined organism were separately 

prepared by tenfold serial dilution of the nucleic acid standard ranging from 5×10
1
 to 

5×10
7
 copies/ reaction. Virus concentration per liter GC/L was calculated according to 

the following equation:   

Where GC is genome copy number per reaction, DF is the dilution factor for the 

volume reductions that occur during the concentration, DNA extraction and qPCR steps, 

and V is volume of original water sample assayed in liters (Hamza et al., 2017). 

Moreover, no PCR inhibitors were found in the examined samples. 

 

Table (1): Primer sequences of Bocavirus genotypes 

Virus Target 

gene 

Primer name Sequence (5`–3`) Fragment 

length 

(bp) 

Reference 

HBoV-1  

NP1 

NP1-F2421 TGGCAGACAACTCATCACAG  

123 

( Hamza et al., 

2009) 
NP1- R2544 TCTTCGAAGCAGTGCAAGAC 

HBoV-2/4  

NS1 

HBoV234F GCACTTCCGCATYTCGTCAG  

100 

 

(Kantola et al., 

2010) 

HBoV24R AGCAGAAAAGGCCATAGTGTCA 

HBoV-3  

NS1 

HBoV234F GCACTTCCGCATYTCGTCAG  

100 HBoV3R GTGGATTGAAAGCCATAATTTGA 

 

Statistical analyses  

Statistical analyses were performed using GraphPad Prism version 8.3.0 software 

(USA). The critical P-value for the test was set at <0.05. One-way ANOVA was used to 

test the correlation between the relative distribution of different bocavirus genotypes in 

surface or effluent samples. Two-way ANOVA was used to teste the significance effect 

of the seasons and the viral types on the prevalence of the virus. 

RESULTS  

 

Prevalence of bocavirus genotypes in water samples 

In the present study, the prevalence rate of HBoV was 95.8% and 29.2% in effluent 

and Nile water samples, respectively. HBoV could not be detected in drinking water 

samples collected from Giza governorate. HBoV-1, HBoV-2/4 and HBoV-3 were found 

in the effluent as well as Nile water samples. The highest prevalence rate (20.8%) was 
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recorded for HBoV-2/4, followed by 6.3% for HBoV-1 and 2.1% for HBoV-3 in Nile 

water samples. Concerning the effluents, the mixed contamination of HBoV-2/4&HBoV-

3, and single contamination by HBoV-2/4 recorded the highest rates (25% for each), 

followed by co-detection of HBoV-1&HBoV-2/4&HBoV-3, which accounted for 16.7%. 

Then the co-detection of HBoV-1&HBoV-3 and HBoV-1&HBoV-2/4 were recorded in 

12.5% and 8.3% of effluent samples, respectively. Furthermore, single detection of 

HBoV-3 was detected in 8.3% of effluents (Table 2).  

 

Table (2): Prevalence of Bocavirus genotypes in water samples 

 

Water 

Type 

  

No. of 

Samples 

*No. of 

positive 

samples 

HBoV-1 HBoV-2/4 HBoV-3 HBoV-

1&HBoV-2/4 

HBoV-

1&HBoV-3 

HBoV-2/4 

&HBoV-3 

 

HBoV-

1&HBoV-

2/4&HBoV-3 

No. % No. % No. % No. % No. % No. % No. % No. % 

Effluent  24 23 95.8 0 0 6 25 2 8.3 2 8.3 3 12.5 6 25 4 16.7 

Nile  48 14 29.2 3 6.3 10 20.8 

 

1 2.1 ND ND ND ND ND ND ND ND 

Drinking  48 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

                  

HBoV-1&HBoV-2:     The presence of HBoV-1 and HBoV-2/4 subtypes in the same sample (dual contamination) 

HBoV-1&HBoV-3:     The presence of HBoV-1 and HBoV-3 subtypes in the same sample (dual contamination) 

HBoV-2/4 &HBoV-3: The presence of HBoV-2/4 and HBoV-3 subtypes in the same sample (dual contamination) 

HBoV-1&HBoV-2/4&HBoV-3:  The presence of HBoV-1, HBoV-2/4 and HBoV-3 subtypes in the same sample (triple contamination) 

* No. of positive samples was calculated based on the presence of one or more HBoV subtypes in the sample 

ND: not detected 

Quantification of HBoV in surface water and effluent samples 

The HBoV-1 concentration ranged from 2.29 to 2.59 log10 GC/L in Nile river water, 

with mean value of 0.52 log10 GC/L. While HBoV-2/4 concentration ranged from 2.44 to 

3.57 log10 GC/L, with a mean value of 2.2 log10 GC/L. Moreover, HBoV-3 was detected 

in one Nile water sample with a viral load of 1.8 log10 GC/L. Statistically, the type of the 

virus had a significant impact (P < 0.0001; R
2 

= 0.4258) on the distribution of the virus in 

surface water, as the detection rate of HBoV-2/4  was significantly higher than HBoV-1 

and HBoV-3 (Figure 1). In effluent samples, the viral concentrations ranged from 1.14 to 

3.07 log10 GC/L for HBoV-1, 1.57 to 4.09 log10 GC/L for HBoV-2/4, 1.17 to 5.12 log10 

GC/L for HBoV-3. The mean values for HBoV-1, HBoV-2/4 and HBoV-3 were 0.77 

log10 GC/L, 2.3 log10 GC/L and 1.6 log10 GC/L in effluent samples, respectively. There 
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was a significant correlation (P = 0.001; R
2 

= 0.18) between HBoV subtypes and the viral 

distribution, indicating a significant difference between the prevalence of HBoV1 versus 

HBoV-2/4 in effluent samples using Tukey's multiple comparisons test, however, no 

significant difference was observed between HBoV1 versus  HBoV-3  and HBoV-2/4  

versus HBoV-3  (Figure 2).  

 

Figure (1): Box and Whiskers showing the abundance of bocavirus genotypes in the total 

number of HBoV in Nile river water (n = 14). 
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Figure (2): Box and Whiskers plot showing the abundance of bocavirus genotypes in 

effluents of WWTF. 

Variation of HBoV genotypes in source water  

HBoV can be detected during the year in river water except in the summer months. 

However, in effluent samples, no seasonal variations were found. The prevalence of 

HBoV-2/4 in surface water samples (positive for HBoV; n=14) was 50%, 14.3%, and 

7.1% in winter, autumn, and spring, respectively. Concerning HBoV-1 and HBoV-3, both 

were detected only in winter season  (Figure 3). Statistically, there was a strong 

significant impact (P = 0.0002) of the seasonal variation on the viral distribution in 

surface water samples. In effluents, the prevalence rates of HBoV-1 were 17.4% in 

winter, 8.7% in summer, 8.7% in autumn, and 4.3% in spring. However, the ratios of 

HBoV-2/4 were 26.7% in spring, 21.7% in summer, 21.7% in winter and 8.7% in 

autumn. Furthermore, the prevalence of HBoV-3 was 21.7%, 17.4%, 13% and 13% in 

winter, spring, summer and autumn, respectively (Figure 4).  
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Figure (3): Heatmap showing the temporal variation of HBoV genotypes in Nile river. 

The values in the cells indicating different HBoV subtypes positive samples in different 

seasons and their percentages from HBoV-positive samples (n=14). 

HBoV-1 HBoV-2/4 HBoV-3

Winter

Spring 

Summer

Autumn

Bocavirus subtypes

S
e
a

so
n

s

4 (17.4%) 5 (21.7%) 5 (21.7%)

4 (17.4%)6 (26.1%)1 (4.3%)

2 (8.7%) 5 (21.7%) 3 (13%)

3 (13%)2 (8.7%)2 (8.7%)

1

2

3

4

5

6

 

Figure (4): Heatmap showing the temporal distribution of HBoV subtypes in the effluent. 

The values in the heatmap cells indicate the number of positive samples of HBoV 

subtypes and their percentages from HBoV-positive effluent samples (n=23). 
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DISCUSSION 

 

Limited data are available about the circulation of human bocaviruses in 

environmental samples in Egypt (Hamza et al., 2017; Shaheen et al., 2019), especially 

in Nile water and drinking water. This is the first study on the quantification of HBoV in 

Nile water, and so far the studies on HBoV  in rivers are limited worldwide (Hamza et 

al., 2009; La Rosa et al., 2017; Salvo et al., 2018; Shaheen et al., 2019). Nevertheless, 

the study of Shaheen and colleagues determined only the prevalence of HBoV in Nile 

water, without addressing neither viral loads nor viral subtypes. Our study provides a 

comprehensive data about the subtypes of HBoV and their load in the Nile river. 

Different HBoV subtypes were found in river water, HBoV-1(4.2%), HBoV-2/4 (18.8%) 

and HBoV-3 (2.1%). Globally, two previous studies considering HBoV subtypes in the 

rivers were found. The first one was in Italy where HBoV-2 and HBoV-3 were detected 

in Tiber river (La Rosa et al.,2017), and the second study determined HBoV-3 in surface 

water from rivers in Uruguay (Salvo et al., 2018). The difference of the detected HBoV 

genotypes in surface water of different countries depends on the type of infection in the 

population. In the present study, the HBoV at the genotype level loads ranged from 1.8 to 

3.57 log10 GC/L in Nile water, which was nearly similar to that detected from Ruhr and 

Rhine rivers (1.5 to 3.5 log10 GC/L) in Germany (Hamza et al., 2009). It is worth noting 

that the HBoV prevalence in Nile water was 29.2% in this study. However, higher 

detection rate of HBoV in Tiper river (37.5%)  in Italy (La Rosa et al., 2017), and in 

Ruhr & Rhine rivers (40.8%) in Germany was found (Hamza et al., 2009), and lower 

rates were detected in rivers (3%) of Uruguay (Salvo et al., 2018) and Nile river (12.5%) 

in Egypt (Shaheen et al., 2019). These differences in the viral prevalence rates in 

different rivers might be due to the difference in contamination loads discharging in the 

rivers. Moreover, the absence of HBoV in the Al Munib district (the site near Gazirat Al 

Dahab DWTF) indicated the ability of the DWTF to remove the viral loads detected in 

the nearby source water. Furthermore, the absence of HBoV in Faysal district, the far site 

from Gazirat Al Dahab DWTF, indicated that the distribution system was not subjected to 

contamination between the two sites. 

The study results indicated a high contamination level (95.8%) of HBoV in the 

effluent, and HBoV-1, HBoV-2/4, and HBoV-3 were observed in the effluent as well as 

in surface water. The high frequency of HBoV in effluent indicates a high percentage of 

infected persons in the given community and inappropriate wastewater treatment 

technology. As such, HBoV could be excreted in asymptomatic patients or in 

undiagnosed respiratory or gastroenteritis disease, and released in the environment in 

higher concentrations (Kapoor et al., 2011; Proenca-Modena et al., 2013). Previous 

studies found that the prevalence rates of HBoV ranged from 25% to 100% in the 

effluents samples collected from wastewater treatment facilities (Myrmel et al., 2015; 

Hamza et al., 2017; Salvo et al., 2018; Shaheen et al., 2019). They proposed HBoV as a 

viral indicator of fecal contamination due to its high frequency (La Rosa et al., 2017; 
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Salvo et al., 2018). Notably, higher prevalence rates of HBoV were found in the effluents 

of the activated sludge WWTF, while lower rates were found in WWTF using other 

different technologies (e.g. stabilization ponds) (Salvo et al., 2018). In general, the 

stabilization pond treatment technology is more effective than the activated sludge 

technology to remove enteric viruses (Verbyla and Mihelcic, 2015). For example, Salvo 

and colleagues detected HBoV with frequencies ranging from 67 to 90%, and HBoV was 

detected in all cities in Uruguay except in one city, which presented a meaningful lower 

frequency (33%). They explained that reduction in frequency to the difference in  

methods of treatment where their examined effluent samples were obtained from a 

stabilization pond treatment facility (Salvo et al., 2018). The stabilization pond is able to 

remove 2  to > 6 log10 viral units, depending on hydraulic retention time (Verbyla and 

Mihelcic, 2015). However, activated sludge treatment technology can remove about 2 

log10 enteric viruses (Naughton and Rousselot, 2017). In our study, since no raw sewage 

samples were collected, we could not determine or evaluate the performance of the 

activated sludge WWTF.  

The concentration of HBoV in effluents of wastewater treatment plants is available 

(Iaconelli et al., 2016; Hamza et al., 2017). Quantitatively, the mean values for HBoV-1, 

HBoV-2/4 and HBoV-3 were 0.77 log10 GC/L, 2.3 log10 GC/L and 1.6 log10 GC/L, 

respectively (Figure 2). The virus loads observed in the current study were quite similar 

to the values obtained in previous studies (Iaconelli et al., 2016; Hamza et al., 2017). In 

this study, the abundance of HBoV-2/4 and HBoV-3 was observed in the effluent 

samples, and this pattern was similar to the previous studies (Myrmel et al., 2015; 

Iaconelli et al., 2016; Hamza et al., 2017; Salvo et al., 2018). In other words, the 

widespread of HBoV-2/4 and HBoV-3 might be due to differences in pathogenesis, 

transmission and persistence of HBoV subtypes. As such, HBoV-1 is principally 

associated with respiratory diseases, while HBoV-2/4 and HBoV-3 are mainly frequent in 

gastroenteritis patients (Arthur et al., 2009; Zhao et al., 2012). The positive samples for 

HBoV were mainly found in winter for surface water samples, and found all over the year 

for effluent samples, indicating a clear seasonal pattern of HBoV in surface water 

samples only (Figure 3 and 4).  More strikingly, temporal patterns of HBoV were 

observed in winter months (Chow et al., 2008; Ong, Schuurman, and Heikens, 2016) 

and  spring/summer months (Choi et al., 2006; Arthur et al., 2009; Nawaz et al., 2012). 

On the contrary, no clear temporal pattern for the virus was reported in other studies 

(Hamza et al., 2009; Iaconelli et al., 2016; Hamza et al., 2017). 

 

CONCLUSION 

 

This is the first report to evaluate the different HBoV genotypes and their 

concentrations in the Nile river, Egypt  and provides an evidence about the absence of the 

HBoV in drinking water. In addition, the data obtained in this study raise a concern about 

the contamination of Nile water by HBoV, which has been causally associated with 
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discharging treated/untreated wastewater. Although HBoV was not determined in 

drinking water, a potential role of river water in the transmission of the virus through 

other means (e.g. recreational activities) should not be ignored, and the protection of the 

river from pollution is the whole community`s responsibility. Further studies are needed 

to determine the actual risk of infection via contaminated surface water and to answer 

open questions about HBoV infectivity, persistence, and disinfection. 
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 مصر الجيسة،القيبش الكمي الجسيئي لفيروش بوكب البشري في عينبث الميبه البيئيت في 

 نيفين مجدى رزق و ابراهيم احمد حمسة

 قسم بحوث تلوث الميبه، المركس القومي للبحوث، الدقي، الجيسة، مصر.  

 

( ٔححذٚذْب انكًٙ فٙ انعُٛبث HBoV٘ )اَخشبس األًَبط انجُٛٛت نفٛشٔط بٕكب انبشش انبٛبَبث انًخبحت عٍ

انذساست اسخخذيُب حفبعم انبهًشة انًخسهسم انهحظٙ  ْزِانبٛئٛت يحذٔدة نهغبٚت، ٔخبصت فٙ األَٓبس ٔيٛبِ انششة. فٙ 

يحطت صشف صحٙ فٙ يحبفظت  ٔيخشجنهكشف عٍ األًَبط انجُٛٛت نفٛشٔط انبٕكب ٔحشكٛضِ فٙ يٛبِ انششة ٔانُٛم 

( فٙ عُٛبث يٛبِ 42/29) %38.3ٔ( 32/32) %9..8كبٌ  HBoVث انُخبئج أٌ يعذل اَخشبس انجٛضة، يصش. أظٓش

انصشف انصحٙ ٔيٛبِ انُٛم عهٗ انخٕانٙ. فٙ حٍٛ اٌ جُٛبث انفٛشٔط نى حخٕاجذ فٙ عُٛبث يٛبِ انششة انخٙ حى 

 جًعٓب يٍ يحبفظت انجٛضة.

بخشكٛضاث  HBoV-1  ٔHBoV-2/4  ٔHBoV-3انبٕكب انًخحصم عهٛٓب، كبَج  انجُٛٛت نفٛشٔطاألًَبط 

( فٙ عُٛبحخبسج يٛبِ انصشف GC/L) log10 3..2إنٗ  4.9(  ٔيٍ GC/L)log10 44..إنٗ  4.42حشأحج يٍ 

انصحٙ ٔيٛبِ انُٛم ، عهٗ انخٕانٙ. احصبئٛب،كبٌ نهًُظ انجُٛٙ نهفٛشٔسخأثٛش كبٛش عهٗ اَخشبس انفٛشٔط فٙ يٛبِ انُٛم 

 حٙ.ٔكزنك عُٛبث يٛبِ انصشف انص

( ، P = 0.0002فٙ يٛبِ انُٛم نٕحع أٚضب اٌ نفٛشٔط انبٕكب ًَظ يٕسًٙ، حبشص أًْٛخّ فٙ فصم انشخبء )

فئٌ حصشٚف يٛبِ  ،. ٔفٙ انخخبوانصحٙيٛبِ انصشف  يخشجبًُٛب نى ٚخى يالحظت ْزا انًُظ نفٛشٔط انبٕكب فٙ عُٛبث 

ٚؤد٘ إنٗ حهٕد فٛشٔسٙ نٓزِ  (يٛبِ انُٛم)انصشف انصحٙ راث انخشكٛض انفٛشٔسٙ انعبنٙ فٙ يصبدس انًٛبِ 

ٔانز٘ قذ ٚكٌٕ يصذًسا يحخًالً نهعذٖٔ انبششٚت. حى حُفٛز ْزِ انذساست نسذ فجٕة يعشفٛت بشأٌ انقٛبط انكًٙ  انًصبدس،

ش ٔإثشاء قبعذة انبٛبَبث انذٔنٛت ٔانًحهٛت يٍ خالل حٕفٛ انُٛم،ٔانخعشف عهٗ األًَبط انجُٛٛت نفٛشٔط انبٕكب فٙ يٛبِ 

 فٙ انعُٛبث انبٛئٛت. HBoVبٛبَبث حٕل 

 


