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In recent years the cell and gene therapy industries have been rapidly expanding, with two 
of the most utilized viral vector classes being adeno-associated virus (AAV) and lentivirus. 
With clinical success comes the need to develop and scale-up efficient manufacturing pro-
cesses. As both of these vectors are produced in cells, the first step in their purification is to 
clarify them from the cell culture. There are many technologies traditionally used for cell cul-
ture clarification but given the projected manufacturing scales and need for single-use con-
sumables a combination of depth and membrane filtration is a logical fit for batch processing 
of viral vectors. This work focuses on developing filtration-based clarification processes for 
both AAV and lentivirus. The data shows robust turbidity reduction and step yields across 
batches, scales, and AAV serotypes. We discuss how capacity can be impacted by feed-
stream characteristics and how capacities translate to manufacturing footprints. Finally, we 
discuss some process considerations that are unique to viral vector processing and critical 
to successful vector harvest. 
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In recent years, development in the gene ther-
apy industry has grown rapidly [1,2]. As of 
2022 there are over 20 gene and gene-mod-
ified cell therapies approved by regulatory 
bodies across the world with hundreds more 
in clinical trials. The two largest classes of 

viral vectors in development today are re-
combinant adeno-associated virus (AAV) and 
lentivirus [3–5]. AAV is a non-enveloped vi-
rus ~20 nm in diameter. The recombinant 
vector can package ~4.7 kilobases of DNA 
and shows relatively low immune response 
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compared to retroviruses and adenoviruses 
[6]. Furthermore, it is relatively stable un-
der standard bioprocessing conditions [7,8]. 
Lentiviral vectors are enveloped and are ~120 
nm in diameter. They deliver an RNA pay-
load and are used in both gene therapy as well 
as many chimeric antigen receptor (CAR) T 
cell-based cell therapies [9].

Both vectors are expressed from host cells 
which are often grown on substrates in adher-
ent cell culture bioreactors.  In typical rAAV 
production the product can be found both 
intra- and extracellularly, and many processes 
therefore include a cell lysis step to maximize 
product recovery. In contrast, the majority of 
lentiviral vectors are secreted from the host 
cells and can therefore be harvested from the 
bioreactor supernatant without cell detach-
ment or lysis. Similar to recombinant protein 
processing, once the crude harvest is collected 
from the bioreactor the next step is to clari-
fy the product from the complex mixture of 
insoluble impurities which can include cell 
debris and any precipitated host-cell protein 
and DNA. 

A typical filtration-based clarification 
step will include a membrane filter with a 
thin structure and tight pore rating down 
to 0.2 mm or in some cases 0.45 mm. This 
filter is responsible for bioburden removal 
and some additional particulate removal to 
protect subsequent purification technologies 
from fouling. In many cases the membrane 
filter is preceded by a prefilter with a thick-
er structure and wider pore range. These can 
dramatically improve capacity on the mem-
brane filter translating to improved overall 
process economics and footprint. Depth fil-
ters made of a mixture of cellulose, inorgan-
ic filter aids, and resins are commonly used 
prefilters and in addition to the particulate 
removal can provide some soluble impurity 
removal through adsorption. Both depth and 
membrane filters have a long history of use 
in the biopharmaceutical industry and offer a 
robust, cost-effective solution for clarification 
over a wide range of scales [10–12]. However, 
there are many filter options across the in-
dustry ranging in materials of construction, 

structure, pore size, and available formats 
which must be considered against the feed-
stream and product characteristics. AAV and 
lentivirus have been shown to carry a negative 
surface charge [8,13], but there can be slight 
differences based on serotype [14,15]. Depth 
filters carry a mix of both positive and nega-
tively charged surfaces [16,17], and of course 
any charge interaction will be dependent on 
the ionic strength of the spent media and pro-
cess buffers. There is some evidence showing 
lentivirus will bind to diatomaceous earth, a 
filter aid used in many depth filters [18]. Find-
ing the optimal set of filters for clarification 
remains a challenge for these emerging fields.  

In this work we evaluate filtration-based 
clarification options for recombinant AAV 
and lentivirus coming from adherent cell 
culture. The data demonstrates that depth 
filtration combined with membrane filter 
clarification can be an effective solution for 
viral vector manufacturing and provides some 
guidance in filter selection and screening. Fi-
nally, we discuss some subtle differences in fil-
ter options to consider during process devel-
opment to improve the chances of successful 
scale-up, tech transfer, and production.

MATERIALS & METHODS

Crude harvest supply
All recombinant AAV5 used in this work 
was supplied through transient transfection 
of HEK293T cells using a PEIpro® trans-
fection reagent (Polyplus-transfection). For 
transfection, plasmids pCDAAV-Helper, 
pCDAAV-CMV-eGFP, and pCDAAV5-R/C 
(Creative Biolabs) were used in a 1:1:1 ra-
tio. A DNA:PEIpro ratio of 1:1 was used 
for transfection. Adherent cultures were ei-
ther produced with Corning® CellSTACK® 
chambers or in Pall’s iCELLis® Nano biore-
actors. Following transfection the cultures 
were grown for 5 days at which point the cul-
ture supernatant was removed, the cells were 
lysed using a detergent buffer (10 mM Tris 
(pH 8.0), 160 mM NaCl, 2 mM MgCl2, 1% 
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Tween 20), and the lysate collected from the 
bioreactor. The supernatant and lysate were 
treated with an endonuclease (25 U/mL) and 
the total NaCl concentration was increased 
to 500 mM prior to clarification. rAAV5 
concentration in the crude harvest averaged 
7.4 × 109 with a 95% confidence interval of  
± 2.0 × 109 gene copies per milliliter (gc/mL). 
HEK293 cells producing AAV8 and AAV9 
vectors encapsulating a green fluorescent pro-
tein (GFP) reporter gene were procured from 
Vector BioLabs. The cells were grown in ad-
herent CellSTACK chambers and contained 
the expressed vectors intracellularly upon 
arrival. Treatment of the cells was designed 
to mimic that of the AAV5 harvest from the 
iCELLis Nano bioreactors. Cells were lysed 
with the same detergent buffer as described 
above, diluted into culture medium, and 
endonuclease-treated prior to clarification. 
Concentrations for AAV8 and AAV9 crude 
harvests were 1.4 × 108 and 1.7 × 108 gc/mL, 
respectively. 

All lentivirus pools used in this study 
were produced by transfection of adherent 
HEK293T cells grown in CellSTACK cham-
bers or iCELLis Nano bioreactors. The Len-
tivirus produced was HIV-1 derived with a 
VSV-G pseudotype carrying a gene for GFP. 
Lentivirus plasmids were purchased from Al-
devron and used in a ratio of 2 pALD-VSV-
G-A:2.5 pALD-GagPol-A:1 pALD-Rev-A:2.5 
pALD-LentiEGFP-A. A DNA:PEIpro ratio 
of 1:2.75 was used for transfection. Super-
natants were collected from the bioreactor 
48–72 h after transfection, 2 mM MgCl2 was 
added, and the pool was endonuclease treated 
(25 U/mL). Lentivirus concentration in the 
crude harvest averaged 7.1 × 107 with a 95% 

confidence interval of ± 4.9 × 107 infectious 
particle per milliliter (IP/mL).

Filtration

A description of the prefilters and membrane 
filters used in this work is summarized in Ta-
ble 1. Pall’s PreFlow™ UB media is made of 
resin-bonded glass fiber and provides a gam-
ma-stable option for protecting membrane 
filters in bioprocessing. In this work 47 mm 
discs were tested using stainless steel holders 
(effective filter area (EFA) = 11.1 cm2). Seitz™ 
P-series depth filter sheets are made up of a 
combination of cellulose, inorganic filter aids, 
and a binding resin. The V100P is a sheet de-
signed specifically for processing viral vectors 
that is low-charge and free of diatomaceous 
earth. The PDK11 filter is a dual-layer filter 
made up of the same V100P sheet on the bot-
tom and a K900P sheet on top. The K900P 
media is a standard grade in Pall’s Seitz P-series 
depth filter line made of cellulose, filter aids, 
and resin with a retention rating of 8–20 mm. 
For screening, the V100P and PDK11 filters 
were tested in Supracap™ 50 capsules (EFA = 
22 cm2). For larger scale work PDK11 filters 
were also evaluated in Supracap 100 capsule 
format (EFA = 0.025 m2 for 127 mm and 
0.05 m2 for 254 mm). 

In select studies filtrate pools from a single 
prefilter was run over Pall’s Supor® EKV ster-
ilizing grade or Supor EAV bioburden reduc-
tion filters.  These were tested in Mini Kleen-
pak™ syringe filters (EFA = 2.8 cm2) and Mini 
Kleenpak 20 capsule (EFA = 20 cm2) formats. 
For larger scale work the Supor EKV filters 
were also evaluated in Mini Kleenpak capsule 
format (EFA = 220 cm2).

  f TABLE 1
Description of prefilters and membrane filters used in this work.

Role Filter media Materials of construction Layers Retention rating

Prefiltration
PreFlow UB Resin-bonded glass fiber 1 0.45 mm
Seitz V100P Cellulose fibers, perlite, and resin 1 2–4 mm
Seitz PDK11 Cellulose fibers, filter aids, and resin 2 8–20 mm/2–4 mm

Bioburden reduction Supor EAV Single-layer polyethersulfone (PES) 1 0.2 mm
Sterilizing grade Supor EKV Dual-layer PES 2 0.2 mm
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All filtration work described here was run 
at constant flux on PendoTECH Filter Screen-
ing System (NFF) control systems with peri-
staltic pumps on the feed lines. Pressures and 
filtrate volumes were recorded over time. In all 
trials filters were equilibrated using a 1× phos-
phate buffered saline (PBS; pH 7.4) solution 
at ≥50 L/m2. Prefilter capsules were drained 
prior to loading process fluid. Experiments 
used to determine filter capacity were run at 
constant flux to a terminal pressure of 0.7 bar 
(10 psi). AAV capacity trials were run at 200 
liters/m2/hour (LMH) on the prefilters and 
1000 LMH on the membrane filters. Len-
tivirus capacity trials were run at 200 LMH 
on the prefilters and 500 LMH on the mem-
brane filters. A post-use buffer chase of 1.5× 
hold-up volumes was also employed to max-
imize virus recovery. This flush was pooled 
with the product filtrate and sampled for  
virus titer to determine yields. 

Analytics
Pool turbidities were measured offline on a 
Hach® 2100Q portable turbidimeter. AAV 
concentrations were measured by a digital 
droplet polymerase chain reaction (ddPCR) 
method using the BIORADQX200 AutoDG 
Droplet Digital PCR System. Non-encap-
sidated DNA was digested at 37°C for 1 h 
using an RNAse Free DNase I kit (Qiagen). 
Once digested, the samples were diluted 
1:100 in 1× TE solution (Integrated DNA 
Technologies), supplemented with Pluronic 
PF-68 to 0.01% and ddPCR was performed 
using primers targeting an amplicon in the 
gene of interest. Lentivirus concentrations 
were quantified using a flow-cytometry based 
transduction unit (TU) assay. HEK293 cells 
were seeded into 24-well plates at 1  ×  105 

cells/well and incubated overnight at 37°C 
in 5.0% CO2. Serial two-fold dilutions of 
samples were performed prior to addition to 
cells. A spinoculation was then performed for 
2  h at 1000 xg at 25°C. Post-spinoculation 
additional media was added to the wells and 
the plates were incubated for 48 h at 37°C 
in 5.0% CO2. The wells were aspirated of 

media, washed with 1× PBS, aspirated again, 
and then TrypLE (ThermoFisher) was added 
to detach the cells for fluorescent cytometric 
analysis on a CytoFLEX (Beckman Coulter). 
Step yields were calculated using Equation 1 
below where Vf and Vp refer to feed and fil-
trate pool volumes and Cf and Cp refer to feed 
and filtrate pool concentrations respectively.

RESULTS

AAV screening
Initial AAV screening work was conducted on 
the prefilter to identify an appropriate filter 
train for clarification. The V100P was select-
ed as a single-layer depth filter option as it 
was specifically designed for the processing 
of viruses. This filter media contains no di-
atomaceous earth and a relatively low over-
all charge. A dual-layer PDK11 depth filter 
was also evaluated which contains the same 
V100P sheet with a more open K900P sheet 
on top. Both filters were evaluated with an 
adherent AAV5 crude harvest pool measured 
at 36 Nephelometric Turbidity Unit (NTU) 
and 9.0 × 109 gc/mL. Capacity was defined 
through constant flux (PMAX) studies run at 
200 LMH to a terminal pressure of 0.7 bar 
(10 psi). As shown in Figure 1, both V100P 
and PDK11 filters demonstrated high yields 
(≥95%) and strong turbidity reduction (<3 
NTU in the filtered pool). However, with 
this feedstream there was a significant capac-
ity benefit from the dual-layer PDK11 (Fig-
ure 1a), reaching >500 L/m2 at 0.7 bar (10 
psi). Both depth-filtered pools were then tak-
en offline and used to measure capacity on 
Supor EKV sterilizing-grade filters with both 
showing capacities of >1700 L/m2 and AAV5 
yields of >99% (data not shown).

AAV process robustness 
& scalability
Turbidity of the crude harvest is often used 
as a rough measurement to encompass key 
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feedstock characteristics including culture 
cell density and viability prior to harvest, 
particle concentration, and particle size dis-
tribution. Using AAV5 crude harvest pools 
produced in iCELLis Nano bioreactors we 
ran seven replicate trials with feedstocks rang-
ing from 29–133 NTU. As expected, we did 
generally see higher feed turbidites translate 
to lower prefilter capacities (consistent with 
the lentiviral data shown below). However, 
there was not a consistent trend and we saw 
one example of a highly turbid feed leading 
to low fouling on the prefilter and high foul-
ing on the membrane filter. We hypothesize 
this was due to a difference in particle size 
distribution and highlights that while tur-
bidity is a useful tool, it is not a comprehen-
sive measure of crude harvest characteristics. 
Regardless of the crude harvest turbidity, 
over the seven batches tested capacities were 
all >250 L/m2 on a PDK11 depth filter and 
>400 L/m2 on a subsequent Supor EKV fil-
ter. The key finding was that across the range 
of feed turbidities we observed strong robust-
ness for turbidity reduction and yield with 
pool turbidities at 3.0 ± 1.3 NTU (Figure 2a) 
and yields at 104% ± 9.6% (Figure 2b).

Next, we evaluated two additional AAV 
serotypes (AAV8 and AAV9) produced in 

adherent culture grown in CellSTACK 
chambers. Here we saw no significant differ-
ence in pressure curves on the PDK11 (Fig-
ure 2c) or Supor EKV filter (Figure 2d) when 
run with an AAV8 or AAV9 feed compared 
to an AAV5 feed with a similar turbidity. The 
clarification train showed strong robustness 
to serotype for turbidity reduction and yield 
with all clarified pools at or below 10 NTU  
(Figure 2a) and yields >93% (Figure 2b).

Assessing scalability is another critical step 
in the development of a clarification process. 
Using the adherent AAV5 material, perfor-
mance of the PDK11 + Supor EKV filter 
train was evaluated across process develop-
ment and pilot-scale capsules. Throughputs 
ranged from 180 to 550 L/m2 on the depth 
filters and 300 to 1900 L/m2 on the sterile fil-
ters. Note that in most cases the entire batch 
was processed before reaching capacity on 
either filter and that the different scales were 
tested with independent feedstocks making 
it difficult to comment on scalability of fil-
ter capacity. Pool turbidities and AAV yields 
are shown in Figure 3 between the develop-
ment-scale PDK11 in Supracap 50 capsules 
+ Supor EKV membrane in Mini Kleenpak 
syringe filters or Mini Kleenpak 20 capsules 
and the pilot-scale PDK11 in Supracap 100 

	f FIGURE 1
Depth filter screening with AAV5.

(A) Capacities for depth filters loaded with AAV5 crude harvest. (B) Pool turbidities and depth filter yields from AAV5 screening.
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capsules + Supor EKV filters in Mini Kleen-
pak capsules. Critically, there was no statisti-
cally significant difference observed between 
scales for pool turbidity or AAV yield (p > 
0.05 from two-sample T-tests).

Lentivirus screening
Lentiviral work started with prefilter screen-
ing using an adherent crude harvest pool 
taken from an iCELLis Nano bioreactor 
with a turbidity of 38.5 NTU and lenti-
virus concentration of 3.7 × 107 IP/mL. 
Previous data has demonstrated successful 
clarification of lentivirus from adherent cul-
tures using various combinations of glass fi-
ber prefilters and PES or PVDF membrane 
filters [19,20]. Using crude harvest pools 
with turbidities of approximately 10 NTU 
these synthetic filter options provided ca-
pacities of >1500 L/m2 and infectious par-
ticle recoveries of >75%. The PreFlow UB 
resin-bonded glass fiber filter was therefore 
included in this screening. Due to a signifi-
cantly higher crude harvest turbidity in this 
work the V100P and PDK11 depth filters 
were also included. Lentivirus crude harvest 
was loaded onto all prefilters at a constant 
flux of 200 LMH to a terminal pressure of 
0.7  bar (10  psi). The data revealed similar 
capacities for the PreFlow UB and V100P 
prefilters at approximately 250 L/m2 where-
as the PDK11 provided an approximately 
four-fold higher capacity, achieving 1000 L/
m2 (Figure 4a). 

While all three prefilters reduced the tur-
bidity below 5 NTU, the cellulose-based fil-
ters did show slightly lower turbidity levels 
than the PreFlow UB prefilter (Figure 4b). 
This turbidity difference correlated to ca-
pacity differences on the downstream mem-
brane filters. Pools from each prefilter were 
run over Supor EKV and Supor EAV filters 
in parallel. The capacities for those loaded 
with PreFlow UB filtrate were 34 and 32 L/
m2 respectively. In contrast, the cellulose 
depth filtered pools led to membrane filter 
capacities between 390 and 480 L/m2.

The cellulose depth filter + membrane fil-
ter combinations were evaluated for lentivi-
ral step yields (Figure 4C). The V100P com-
binations appeared to have slightly higher 
yields than the PDK11 combinations. This 
could be expected as the dual-layer PDK11 
does contain some diatomaceous earth 

	f FIGURE 2
Clarification process robustness against AAV serotype.

Turbidity reduction (A) and step yield (B) for clarification of three 
different AAV serotypes using a combination of PDK11 and Supor 
EKV filtration. Where multiple trials were run error bars represent 
a 95% confidence interval. Differential pressure vs. loading curves 
from PDK11 (C) and Supor EKV filters (D) run with crude harvests of 
AAV8, AAV9, and a representative batch of AAV5 which had a crude 
harvest turbidity closest to the other two serotypes (133 NTU).
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which has been previously shown to reduce 
filtrate lentivirus levels [18], however more 
replicates will need to be run to determine 
if the difference is real and reproducible. 
Regarding the membrane filters, we did not 
observe a clear benefit for capacity or yield 
between the two tested here.

Lentivirus process robustness
Based on the balance between yield and ca-
pacity the V100P prefilter was selected for 
additional testing. The Supor EKV filter was 
selected as the membrane filter as it pro-
vides a sterile filtrate stream and showed no 
drop-off in capacity or yield. Two additional 
batches of adherent lentivirus crude harvest 
from CellSTACK chambers were processed 
over the V100P + Supor EKV filters. Over 
the three runs feed turbidity ranged from 

20.2–72.9 NTU, feed concentration ranged 
from 3.7  ×  107–1.2 × 108 IP/mL, and the 
step yield over the depth and membrane fil-
ters averaged 74%. Note we did not observe 
any clear trend between feed turbidity and 
yield. Prefilter pressure vs. loading curves 
are presented in Figure 5 and reveal how feed 
turbidity can impact depth filter capacity. 
However, despite the range in crude harvest 
turbidities, the clarified pools showed con-
sistently low turbidity averaging 2.7 ± 0.6 
NTU.

	f FIGURE 3
AAV clarification scalability.

Turbidity reduction (A) and yields (B) from AAV5 crude harvest 
clarified over a range of depth and sterile filter scales. SC50 indicates 
PDK11 Supracap 50 depth filters run over Supor EKV media in Mini 
Kleenpak syringe filters or Mini Kleenpak 20 filter capsules (n = 3). 
SC100 indicates PDK11 Supracap 100 depth filters run over Supor 
EKV media in Mini Kleenpak filter capsules (n = 3 for 127 mm; n = 2 
for 254 mm). Error bars represent a 95% confidence interval.

	f FIGURE 4
Depth filter and sterile filter screening with lentivirus. 

A & B. Filter capacity, pool turbidity, and step yields for lentiviral 
crude harvests processed over three different prefilters. C. Lentiviral 
step yields over the full clarification (prefilter + membrane filter) 
for four different filter combinations. Error bars represent 95% 
confidence intervals based off TU assay technical replicates.
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DISCUSSION
The work described here provides a case study 
for clarification process development of ad-
herent lentivirus and AAV cultures. For both 
viral vector classes we found filter combina-
tions that could provide consistently low fil-
trate turbidities (≤10 NTU) despite relatively 
large variance in feedstream turbidities. The 
feedstream turbidity range observed here is 
likely an extreme case as the cell culture pro-
cess was being developed in parallel with this 
clarification work. However, even in tightly 
controlled processes there is some variability 
in crude harvest characteristics known to im-
pact clarification such as cell density, viability, 
particle concentration, and particle size dis-
tribution. Therefore, the crude harvest vari-
ability tested here provided a nice challenge 
for assessing process robustness. Step yields 
also showed strong consistency, particularly 
for AAV which averaged 103 ± 7.7% across 
all batches, serotypes, and scales. This consis-
tency could make a depth + membrane filter 
harvest process fit into a platform to be used 
across an AAV product portfolio. 

While the data shared here should provide 
some guidance for process development, the 
optimal filter train will depend on many factors 
including product quality, process economics, 
and facility footprint constraints. The lentivi-
rus data presented previously [19] and here pro-
vides a nice case study of the trade-offs. Take 
for example, an iCELLis 500+ bioreactor with 

a 10 cm bed that produces ~570 L of crude 
harvest. If the feed turbidity is <15  NTU it 
could be possible to get >1000 L/ m2 through 
a Preflow UB + Fluorodyne® II DBL filters. 
This would translate to a single 254 mm (10 
in.) PreFlow UB filter capsule and a single 
254mm (10 in.) Fluorodyne II DBL filter cap-
sule with the important benefit of both being 
available in closed and presterilized assemblies. 
However, with feed turbidites tested in this 
work, a similar filter train would need to run 
six 762 mm (30 in.) membrane filters in paral-
lel which would be logistically challenging. In 
this case the cellulose depth filter options may 
be needed to simplify the process and reduce 
the footprint down to a single Stax™ capsule 
and one 508 mm (20 in.) membrane capsule. 
Note that these estimates do not include a safe-
ty factor which should be included [21], but 
nonetheless illustrate how capsule formats and 
manufacturing-scale can help define the opti-
mal process. 

Another interesting example of process 
trade-offs was seen in the lentiviral membrane 
filter comparison. While we did not observe 
a significant difference between the Supor 
EKV and Supor EAV filters in terms of capac-
ity, pool turbidity, or yield, they each carry 
unique process benefits. The Supor EKV filter 
is a sterilizing-grade filter which may allow for 
more flexibility in pool hold time. However, 
because the Supor EAV bioburden-reduction 
filter incorporates a single-layer membrane 
it can hold more filter area per capsule, and 
therefore can have some footprint bene-
fit over the Supor EKV filter in some situ-
ations, whilst still providing a high level of  
bioburden reduction assurance. 

The long history of success for these depth 
and membrane filters in the biopharmaceuti-
cal industry combined with the data present-
ed here makes them a low risk for successful 
implementation in viral vector manufactur-
ing. Future work could include additional 
development of lentivirus clarification to fur-
ther improve yield. Work could include frac-
tionating the filtrate from various filter chem-
istries and pore sizes to investigate how yield 
loss may be split between adsorption and size 

	f FIGURE 5
Depth filter capacity across lentivirus batches. 

Pressure drop vs. loading for V100P prefilters loaded with three 
batches of adherent lentivirus crude harvest varying in turbidity.
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exclusion. Previously work [19] has demon-
strated similar clarification development of 
AAV from suspension cultures, but clarifica-
tion from suspension lentivirus cultures re-
mains a target for future work. Data demon-
strating full scalability from development scale 
to manufacturing scale would also be of value. 
In this work we observed some trending be-
tween feedstock turbidity and filter capacity, 
but there were some notable deviations sug-
gesting that additional feedstock characteriza-
tion would be needed to predict impact on 

filtration performance. Particle concentration 
and size distribution in crude harvests and 
their relation to filter performance could be 
an interesting follow up. Finally, we highlight 
the need for new technologies. This may in-
clude new filter media to improve viral yields. 
Furthermore, as gene therapy manufacturing 
has limited options for adventitious virus and 
endotoxin clearance there is a strong desire 
for closed, aseptic processing, highlighting 
the need for depth filter options that fit these 
requirements.
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