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Abstract

Human adenoviruses (hAdVs) are pathogenic viruses responsible for public health problems
worldwide. They have also been used as viral indicators in environmental systems. Coliphages
(e.g., MS2, ®X174) have also been studied as indicators of viral pollution In fecally T _
contaminated water. Our objective was to evaluate the distribution of three viral fecal indicators ; I ] optmrms
(hAdVs, MS2, and ®X174), between two different phyllosilicate clays (kaolinite and bentonite)
and the agueous phase. A series of static and dynamic experiments were conducted under two
different temperatures (4, 25 °C) for a time period of seven days. HAdV adsorption was
examined in DNase | reaction buffer (pH=7.6, and ionic strength (IS)=1.4 mM), whereas
coliphage adsorption in phosphate buffered saline solution (pH=7, IS=2 mM). Moreover, the
effect of IS on hAdV adsorption under static conditions was evaluated. The adsorption of hAdV

was assessed by real-time PCR and its infectivity was tested by cultivation methods. The O] A A A
coliphages MS2 and ®X174 were assayed by the double-layer overlay method. The : 1 '
experimental results have shown that coliphage adsorption onto both kaolinite and bentonite
was higher for the dynamic than the static experiments; whereas hAdV adsorption was lower
under dynamic conditions. The adsorption of hAdV increased with decreasing temperature,
contrary to the results obtained for the coliphages. This study examines the combined effect of
temperature, agitation, clay type, and IS on hAdV adsorption onto clays. The results provide
useful new information on the effective removal of viral fecal indicators (MS2, X174 and hAdV)
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coliphagesMS2 and ®X174 is substantially different to that of hAdV, neither MS2 nor ®X174 is Time (h) Time (h) Figure 3. Adsorption of hAdV, expressed as
recommended as a suitable model for adenovirus. | | 09, Ns(§/Nc(0), under static experimental
Figure 2. Adsorption of hAdV, expressed as log,, conditions and different ionic strenths (1S=1.4,
N,(t)/N_(0), under static (open circles) and dynamic 14, and 140 mM) onto: (a) bentonite at 4 °C,
= (solid circles) conditions onto: (a) bentonite at 4 °C, (b) (b) kaolinite at 4 °C, (c) bentonite at 25 °C, and
Materials and Methods kaolinite at 4 °C, (c) bentonite at 25 °C, and (d) kaolinite (d) kaolinite at 25 °C.
at 25 °C.
HAdV stock preparation 4.°C 25 °C 4 BT
= Human Adenovirus serotype 35 as model virus A 0.4} () < g 1 (c)
= Cultivation in human lung carcinoma cell line A549 1 : 0.2F Dynamic 1 -

= The initial concentration of adenoviral stock: 108-10° genome copies/mli _ 1 T 1= oof 1 -

= Quantification by Real-Time Polymerase Chain Reaction (qPCR) 2’ '/9\5\[5 B 26 0.2} |- 2
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Real — Time PCR (qPCR) hAdV detection 4 qﬁ T 1€ 06y 27 &

= Hexon gene was used as the target area o il 19 'O'8§ <_>_>_<<>¢

= All samples were tested in duplicate (two neat and two diluted) = T 1 1'1/' I 4

= Use of TagMan Universal PCR Master Mix (Applied Biosystems) and a carry-over 2 +osmic T ) 2T 1 ;
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contamination prevention system, uracil N-glycosylase (Hernroth et al., 2002)

Coliphages
MS2: an F-specific single-stranded RNA phage with effective particle diameter ranging from 24
to 26 nm
®X174: a somatic single-stranded DNA phage with effective particle diameter ranging from 25
to 27 nm
Both coliphages (MS2, ®X174)were assayed by the double-layer overlay method (Adams,
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= kaolinite (03584 Kaolinite, Fluka, chemical composition: Al,O; ~37.6%, SIO, ~47.3%, Fe,0O,

~0.5%, TiO, ~0.4%, K,0O ~1.8%, Na,O ~0.1%, loss on calcination ~12%) Time (h) Time (h) Time (h)

Time (h)

* pentonite (18609 Bentonite, Riedel de Haen, > 90% montmorillonite, chemical composition: E%';Ne (g') Adzorptito?. O(f MS2, eXpre)s Se% SS 0910 ::olg ur?\I ?f)/ﬁd(%c))rpﬂf?geffsgii(fll %psz%?jr?iidi?
: 0 0 0 0 0 0 0 - , under static (open squares) and dynamic 10 Ns(D/NV), UNUE |«
S|02 592 /0, A|2030185 /0, F€203 56 /0, Cao 20 /0, Mgo 40 /0, Nazo 02 /0, Kzo 09 /0, Welght (SSO“d scquares) Cond|t|ons onto (a) bentomte at4 OC’ and dynam|C (SO“d dlamonds) COﬂdItIOﬂS OntO
loss on ignition 8.7%). (b) kaolinite at 4 °C, (c) bentonite at 25 °C, and (d) (a) bentonite at 4 °C, (b) kaolinite at 4 °C, (c)
kaolinite at 25 °C. bentonite at 25 °C, and (d) kaolinite at 25 °C.

Batch experiments

* Two different controlled temperatures (4 and 25 °C)

= HAdV: Dnase | reaction buffer (pH 7.6 and Iionic strength 1S= 1.4, 14, 140 mM)

» Coliphages: PBS solution (pH 7 and ionic strength 1IS=2mM)

» Static and dynamic batch conditions

= Control tubes (virus in the absence of clay)

= Reactor tubes (virus in the presence of clay: 10 mg/mL)

= Dynamic batch experiments: reactor and control tubes attached to a rotator

» Samples were collected every 24 h for a period of 7 days and centrifuged at 2000g (6000 rpm)
for 10 min

Conclusions

The adsorption of hAdV was found to increase with decreasing temperature, under both static
and dynamic batch conditions. For the most of the cases examined, the adsorption of
coliphages (MS2 and ®X174) was shown to increase with increasing temperature, and was
higher under dynamic than static conditions. Generally, dynamic conditions improve the contact
between viruses and clays, and possibly increase virus adsorption, because the number of
accessible sites for attachment is higher. However, hAdV adsorption was lower under dynamic

" The adsorption ofHAdV, MS2 and ®X174 onto clays was determinated as: than static conditions, suggesting that agitation either prevents adsorption of hAdV particles or
Log Ns(t) ~ Log N \E) =N, Stock virus solutions Clays promotes desorption of previously adsorbed hAdV particles. Moreover, for most of the examined
N (O) 0 N (O) - s cases, hAdV adsorption was found to be higher at 1IS=140 mM, except for the case of kaolinite
- - (1) . i e S at 4 °C, where adsorption was higher at 1IS=1.4. Note that, hAdV adsorption at three different IS
= N (t) is the virus concentration at time tin the ™V ™M ®X74 Bentonite ,  Kaolinite values had a statist_ically signific_:ant difference. The incr_eased reductio_n of infectious_, viral
control tubes (copies/mL or pfu/mL), D \ _numb_ers dl_Je to their contact with Cla_ys could play an important role in the prevention of
= N_(0) is the initial virus concentration at t=0 \ I \ H iInfectious viral Wat_erborne_ d!seases. Finally, the adsorption behavu_)r of surrogate coliphages
in the control tubes (copies/mL or pfu/mL) UHUHUHUH UUHUH UHH MSZ and ®X174 is not S|_m|Iar to that of hAdV. Consequently, neither MS2 nor ®X174 are
= N,(t) is the virus concentration at time t in the Control tubes Reactor tubes suitable models for adenovirus.
reactor tubes (copies/mL or pfu/mL),
= N.(t) is the concentration of viruses sorbed y Tl
onto clays at time t (copies/mL or pfu/mL). S e References
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Note that equation (1) provides the combined = >tatic

: i i : experiments
concentration of viable and inactivated (non- - |
functional) sorbed viruses. Figure 1. Schematic illustration of the

experimental procedure (Bellou et al.,2015).

Dynamic experiments




