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Abstract

Giardia and Cryptosporidium are pathogenic protozoa often present in the environment in
their infective form (cysts and oocysts). These parasites are very resistant to disinfection,
which makes them important target organisms in environmental quality monitoring and
sanitation. Viability assessment provides an interpretation of cell inactivation, and it can be
evaluated by membrane integrity as well as enzyme activity, using different staining
methods. These are straightforward and adequate to laboratories that lack infrastructure for
molecular-based technologies or animal infectivity tests. This study investigated
simultaneous staining by a commercial live/dead Kit, in order to assess viability of
Cryptosporidium parvum oocysts and Giardia muris cysts, comparing it to propidium
iodide (PI) incorporation, a common stain applied in viability estimation. Results
suggested that, although the central hypothesis of one-panel visualization (0¢=0.05) was met,
simultaneous staining impaired (oo)cyst detection by immunofluorescence assay (IFA),
which was found to be essential to enumeration, as the live/dead test led to poor (0o)cyst
labeling or a 10-fold lower recovery when carried out concomitantly to IFA. As for the
viability assessment itself, although red dye uptake occurred as expected by dead or
weakened organisms, neither live G. muris cysts or C. parvum oocysts present any green
fluorescence by esterase metabolism. This may have been caused by low enzyme activity
in the infective form and/or wall thickness of these parasites. The results do not exclude
the possibility of simultaneous fluorescence staining for protozoa, but it is a starting point

for a broader analysis, that may consider, for instance, different incubation conditions.
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Introduction

Cryptosporidium and Giardia are pathogenic protozoa responsible for many enteric
diseases outbreaks in the world [1]. These pathogens prevail in the environment in their
infective form, oocysts and cysts, respectively, which are able to survive for months in soil
and surface water [2]. They also constitute resistant structures [3] mainly because
Cryptosporidium spp. presents surface proteins [4] and Giardia spp. has a double-layered
wall [5]. These organisms pose a challenge to public health because they are extremely
resistant to chemical disinfection by chlorine, chloramines, and chlorine dioxide [6]. Even
more invasive treatments, such as ozonation, do not yield complete inactivation of cysts [7]
and ultraviolet (UV) systems provide less inactivation on these parasites compared to other
indicators [8].

These characteristics make cysts and oocysts important target organisms when assessing
disinfection efficiency, verified by their inactivation, which may not be a consistent
parameter in defining if the organism is dead or alive [9]. The gold standard analysis to
evaluate protozoa inactivation is animal infectivity; however, these tests are costly for
routine examination and bring up ethical concerns towards research with animals. They
also require a minimum concentration of cysts and oocysts, which might not be realistic

depending on the environmental sample [10].

Viability assays, on the other hand, provide inferences based on molecular techniques [11—
13], as well as imaging, particularly grounded on excystation [14,15], metabolic activity or
cellular integrity determined by dye inclusion/exclusion [16-19]. Although labor-intensive
and often impaired by artifacts in either flow cytometry or microscopy [20,21], viability
methods are relevant in the environmental scenario. The main point is that intact and
metabolically functional cysts and oocysts might not be necessarily infectious, as their
sporozoites or trophozoites may fail to infect their hosts. This possibility may be
disadvantageous from a parasitology perspective, reaffirming infectivity as the barometer
in this topic [22]. Nevertheless, as viability may underestimate treatment efficiency,

overestimating risk, it could be beneficial from a public health perspective [23].

Method 1623.1 [24] recommends using immunofluorescence assays (IFA) for detecting
cysts and oocysts in water. Therefore, fluorescent dye-based viability assessments consist

on a simple extra step in detection, which encourages its use, especially for laboratories



that lack infrastructure for molecular examination or infectivity tests. Some known
fluorescent stains are ethidium and propidium dyes, which have high affinity for nucleic
acids but are impermeable to cell membranes. Its incorporation occurs in a passive
physical-chemical form, indicating if the cells are damaged and, consequently, staining
nucleic material of organisms that may be non-viable, weakened or dead [9]. Propidium
iodide (PI), for instance, has been used in viability assessment of protozoa detected in
effluent from anaerobic reactors [18], sewage sludge [25] livestock residues [17] as well as
water supply [16] and simulated water treatment residues [26].

Another fluorescent dye-based alternative for viability assessment are esterase substrates.
In this scene, viability is inferred both by the enzymatic activity, which is required to
generate fluorescence, and by the integrity of the cell membrane, which is necessary for the
retention of fluorescent products within the cell. Because they are electrically neutral
molecules, these esterase substrates freely penetrate cells by diffusion. Once inside the
cells, these molecules are converted into fluorescent products by the intracellular enzyme,
and are then retained by organisms with intact plasma membranes [9,27].
Carboxifluorescein diacetate (CFDA) is an example of this type of stain, which leads to
green fluorescence in cells considered viable. This dye has been applied for assessing
viability of bacteria in biofilms [9] as well as algae [28]. Similarly, SYTO-dyes uptake and
their green fluorescence effects on considered viable C. parvum oocysts have correlated to
infectivity results when evaluating the efficacy of UV, thermal treatments and oxidants
[29-31].

In order to improve dye-based techniques and overcome possible deficiencies, the
combination of vital dyes can be applied to associate both exclusion and inclusion methods
in which a non-fluorescent dye is incorporated and metabolized to fluoresce in living cells,
and another stain is incorporated by cells with damaged membranes [23]. This effect is
expected by some commercial Kits, which suggest the simultaneous visualization of cells
considered viable and non-viable (i.e. within the same panel). This may therefore cover the
entire sample and lead to cell enumeration coupled to viability estimation. These tests are
often performed for bacteria [32,33] but there are reports on the application of live/dead
assays on Ascaris spp. eggs [34,35], which represent a resistant indicator organism,

encouraging this analysis on protozoa, for instance.



In this context, the aim of this study was to explore analytical challenges and perspectives
of the application of a simultaneous vital dye analysis, using a live/dead commercial kit
(ab115347, Abcam®, UK) as a method for assessing viability and enumerating purified
samples of Giardia muris cysts and Cryptosporidium parvum oocysts. The performance of
the live/dead assay, carried out in different conditions, was verified by comparing the
simultaneous visualization panel (both green and red organisms present, live and dead,
respectively) with the isolated dead cell filter (P1-filter, for red dead cells). Also, a parallel
test was conducted as a control, in which propidium iodide (PI) was added to the

suspensions and (0o)cyst were quantified by immunofluorescence.

Material and methods

Target organisms

The viability assays were performed over suspended Giardia muris cysts and
Cryptosporidium parvum oocysts acquired live. Both suspensions (Waterborne™, Inc,
USA) were extracted from experimentally infected Swiss Webster (CFW®) mice and
calves, respectively, and purified from feces by sucrose and percoll density gradient
centrifugation. The organisms were stored at 4 °C in deionized water with penicillin,
streptomycin, gentamicin, amphotericin B and 0.01% Tween® 20, following the supplier’s
recommendations. Viability tests and slide counts were carried out promptly, in order to
prevent die-off of the organisms during the experiments. The (00)cysts were not subjected
to heat Killing or any inactivation control in this study. There is often, however, a fraction

of non-viable (0o)cysts in purified suspensions, even within early evaluation.

Sample preparation for viability assessment involved homogenizing each suspension by
three cycles of two-minute vortexing followed by vigorous pipetting (using a disposable
plastic Pasteur pipette). Aliquots of 5 uL of each suspension of cysts and oocysts were

spiked together for the different methods tested, each of them performed in triplicate.

After slide preparation by different methods, the organisms were analyzed by incorporation
of the different vital dyes. The organisms were enumerated according to dye uptake

verified in different optical filters and a qualitative assessment was performed based on



procedure simplicity as well as organism visualization clarity. All materials exposed to

protozoa were previously rinsed with Tween® 80 elution solution (0.1% v v1).

Simultaneous vital dye assay

The live/dead assay was put through using a commercial kit (ab115347, Abcam®, UK)
according to the manufacturer’s protocol for microscopy readings. Briefly, the
concentrated reagent (1000X) was diluted to 5X (v v1) in phosphate buffer saline solution
(PBS, pH 7.4). Solutions were prepared in 0.2 mL micro-centrifuge tubes (Eppendorf®)
wrapped in aluminum foil for luminosity protection and promptly used after dilution.

Three different slide-mounting procedures were tested for the simultaneous vital dye assay,
in order to exclude possible interferences in the stains performance. In all of the tested
methods, the 5X concentrated reagent was overlaid to the suspensions in the same volumes

of such. Slide preparation was carried out in the absence of direct light.

The (0o)cysts were visualized in an epifluorescence microscope (BX51, Olympus®) with a
40x objective. Live organisms were expected to present green fluorescence under
maximum excitation of 495 nm and 520 nm emission, compatible with FITC. Organisms
were considered dead (non-viable) by incorporating red dye, which, once bound to DNA,
would increase red fluorescence under 617 nm and 528 nm maximum excitation and
emission, respectively. This was expected to be observed under FITC and appear in bright

red under the specific excitation filter (PI-filter).

Method A

The 5X concentrated live/dead reagent placed with the suspension aliquots was incubated
for 10 min at room temperature. The volume consisted on 10 pL, corresponding to the
inoculum (5 pL of G. muris and 5 pL of C. parvum suspensions). The reagent excess was

removed by rinsing each well with 50 pul HBSS and 50 pL of ultrapure water.

An immunofluorescence assay (IFA) was carried out using the Merifluor® G/C kit
(Meridian Bioscience Diagnostics, USA), according to the protocol established by the
manufacturer. Some additional steps were included in order to perform the confirmatory
test recommended by Method 1623.1 (USEPA, 2012). Therefore, after staining the



samples with the Merifluor® G/C reagents, two drops of Fluoroshield™ with DAPI
(F6057, Sigma-Aldrich®) were added to each slide well and left for staining for 10 min.
This was followed by three slide washings using 50 ul of Hank’s Balanced Salt Solution
(HBSS, H6648, Sigma-Aldrich®). A drop of Merifluor® mounting medium was added to
each well and they were sealed with a slide coverslip.

Method B

A second live/dead cell assay was carried out in association with Fluoroshield™ with
DAPI, excluding Merifluor® labels. This aimed to evaluate whether the Merifluor®
fluorescence mechanisms would interfere the performance of green viability indicative
reagents. The enumeration and viability assessment of (0o)cysts should be simultaneously
possible under FITC (green = live, soft red = dead), while Pl-filter should confirm “dead”
organisms enhanced in intense red fluorescence against the background. DAPI-filter would

work as a confirmatory test for morphology.

Method C

A third method was investigated by evaluating the live/dead reagent overlaid directly on
the inoculum, without adding any other dyes. The samples were not washed with HBSS
nor fixed with any mounting media. Both enumeration and viability assessment were

expected to be carried out simultaneously, as indicated in the previous procedure.

Propidium iodide (PI) staining

Pl (P4170, Sigma-Aldrich®) solution (1.0 mg L™) was prepared in the absence of direct
light and stored at 4 °C in an amber bottle wrapped in aluminum foil. Pl was added to the
inoculum (same volume as the sample, i. e. 10 uL to overlay both suspensions) and was
left for staining for 5 min in absence of direct light. The slide was then rinsed with 50 pl of
HBSS and 50 uL of ultrapure water, in order to avoid the formation of crystals, as well as
to remove the excess of dye. Microscopy slides were prepared for immunofluorescence
assay (IFA) by applying the Merifluor® G/C kit protocol, including Fluoroshield™ with
DAPI staining, accordingly to Method 1623.1 (USEPA, 2012).



Enumeration was carried out under FITC-fluorescence, considering organisms labeled with
Merifluor® G/C. The viability estimation based on observing target organisms that would
incorporate Pl and should be visible under excitation around 500 nm, compatible to the
optical filter applied for “dead” cells on the previous assay. Red-stained cysts and oocysts
were considered non-viable, whilst those that did not incorporate the stain but were
detected by their characteristic FITC-fluorescence (bright apple green) when treated for

IFA were taken as viable organisms.

Data analysis

Regarding simultaneous staining, cysts and oocysts were expected to be visualized and
have their viability assessed within the same panel, under FITC-filter, for all methods. In
method A, FITC-filter range of excitation and emission should allow the visualization of
non-viable (0o)cysts with their walls stained with green, by reacting with Merifluor® G/C
reagents, and some red or orange color within the interior of the cysts. Viable organisms
were expected to be entirely green, for wall labeling and esterase activity. When analyzing
the same treatment under PI-filter, only red (non-viable) parasites should be visible.
Results from methods B and C should lead to the same effect, but considering that green
(oo)cysts under FITC-filter would be viable, as their fluorescence should be only and

directly related to esterase activity.

(Oo)cyst quantification was analyzed in order to verify if all of the organisms present
under FITC-filter (viable and non-viable) were compatible to the sum of green (viable)
cysts under FITC-filter and saturated red under PI-filter (non-viable). This comparison
should provide a notion of heterogeneous dye uptake, as well as indicate if viability
assessment could be performed within the same visualization filter as enumeration, which
would lead to a more rapid and straightforward analysis. These results were submitted to
the Shapiro-Wilk normality test (o = 0.05) and transformations were performed, if
necessary, so the data could be tested for the null hypothesis of similar mean visualization.
The software PAST [36] was used to apply a paired Student t-test (95% confidence

interval).



Enumeration data, as well as viability estimation obtained for the simultaneous staining
was also analyzed comparatively to the one obtained for the immunofluorescence assay
(IFA) coupled to propidium iodide (PI) staining.

Results and discussion

Performance of the different methods of simultaneous live/dead staining

Results obtained from method A (Table 1) were consistent for C. parvum, as no numerical
evidence of difference in visualization of simultaneous and compared filters were noticed.
This suggests oocysts could be enumerated and have their viability assessed in one panel.
However, the obtained data led to ambiguities caused by heterogeneous dye uptake for G.
muris. The sum of G. muris cysts identified under FITC-fluorescence in both green and
soft red did not correspond to the total of organisms observed in green under FITC and
bright red under the PI-filter. Descriptive statistics indicated variability within repetitions,
which is noteworthy as the experiments were carried out with purified suspensions, whilst
environmental samples contain debris that impair (0o)cyst recovery and visualization [37]
and may therefore affect viability estimation even more substantially. Although more
replications could improve inferences in the methodological aspect of this research, costs

for immunofluorescence detection are restrictive [38].

When extrapolating results by univariate statistics, however, both single-panel and two-
panel microscopy quantifications for G. muris were normally distributed (Shapiro-Wilk
test, p-value = 0.576 and p-value = 0.486, respectively) and no outliers were found.
Similarly, the numbers of oocysts were normally distributed (p-value = 0.789). Student’s t-
test for equal means did not lead to significant differences for visualization in FITC and Pl
filters for G. muris cysts (p-value = 0.529) nor C. parvum oocysts (p-value = 1.00). These

preliminary results suggest potential for the simultaneous visualization methodology.

Table 1 — Enumeration of cysts and oocysts identified by method A for viability
assessment, using Merifluor®, Fluoroshield™ with DAPI and the Live/Dead Cell Assay
(Abcam®)

Microscopy  Dye uptake G. muriscysts  Mean £ C. parvum Mean +




filter SD oocysts SD
nl n2 n3 nI n2 n3

Green (live) 23 41 17 2710 72 82 22 59+26

FIT
¢ Red (dead) 78 92 70 8019 2 3 2 2405
PI Red (dead) 90 123 78  97+19 2 3 2 2405
FITC (one- .
panel  CrEENUVe)+ 01 133 g7 107419 74 85 24 6127
L red (dead)
visualization)
FITC Green (live in
vPI(wo- FITCAeN * 0 164 95 124420 74 85 24 61427
panel red (dead in

visualization) Pl-filter)

Notes: Values indicate number of detected (0o)cysts. SD = standard deviation. Each “n”
represents a repetition. Sample volume: SulL.

As of imaging, Fig. 1 (a, b c) displays an example of a considered non-viable G. muris cyst,
which presented a green rim under FITC-filter, expected to derive from the
immunofluorescence assay (IFA) effect, and red fluorescence under PI-filter. A viable
oocyst is also present in Fig 1 (d, e, ), pointed by the dashed arrows, and the entire
organism is green under FITC-fluorescence, which probably relates from both wall
labeling from IFA and esterase activity. Under Pl-filter (Fig 1, e), the viable C. parvum

oocyst is not visible, an indicator of membrane integrity.

It is worth mentioning that most G. muris cysts did not exhibit bright apple green
fluorescence under FITC-filter as expected by following Method 1623.1 [24] with
Merifluor® G/C reagents for cysts and oocysts detection. Research developed by Alderisio
et al. [39], in which commercially available staining Kits to detect Giardia spp. were tested
for their use with Method 1623.1 [24] showed very poor fluorescence signals on G. muris
either stained with EasyStain™ (BTF Precise Microbiology, USA), Aqua-Glo™
(Waterborne Inc., USA) or Merifluor® (Meridian Bioscience Diagnostics, USA). Although
it is possible to acquire specific antibodies with fluorophores for G. muris, there is no point
in isolated analysis from an environmental monitoring or sanitation perspective, where
these commercial kits are often employed. This poor fluorescence affects in more or less
conservative estimation of occurrences and densities of zoonotic Giardia cysts, as it is
dependent on species/assemblages [39]. Thus, considering the viability assessment from
the live/dead simultaneous kit is not specific, any enhancement in green under FITC-

fluorescence would be favorable to detecting enzyme active G. muris cysts that may not



have had their walls adequately labelled by IFA, supporting enumeration alongside to

viability estimation.

Fig 1 — Giardia muris cyst considered non-viable after staining by Method A imaged under
(a) FITC-filter; (b) Pl-filter, and; (c) DAPI-filter and, Cryptosporidium parvum viable
oocyst under (d) FITC-filter; (e) Pl-filter, and; (f) DAPI-filter. Scale bar = 20um.

(c)

The single-panel assessment, however, may be subjective. It is important to note it relies
much on the microscopist, as heterogeneous dye incorporation may lead to doubts,
particularly on what concerns oocysts, that are small in size (approximately 5 um width
[40]). This might hinder distinguishing whether green fluorescence is occurring within the
organism or only on its wall or if reddish dye uptake refers to debris. Fig. 2 displays an
example of this situation happening in method A, where a C. parvum oocyst seems to have
its interior stained in red (a wall damage indicator) and its wall marked by IFA. A single-
panel simultaneous analysis should lead to an interpretation of non-viability, but the
organism does not present any red fluorescence under Pl-filter, where only “dead” cells

should appear.

Fig 2 — C. parvum oocyst after staining by Method A (a) seemingly non-viable under
FITC-filter; (b) not present under Pl-filter, and; (c) not distinguishable under DAPI-filter.
Scale bar = 20um.




Groups of organisms within a microbial population may stain heterogeneously and thus be
arranged into more subcategories between live and dead. [41]. An example of this
subjective interpretation was verified by Davey and Heley [42], who identified that
different stress levels lead to Pl-uptake in yeasts, although that did not necessarily mean
that cells were non-viable, because they were able to repair membrane damage after
incubation. Karkashan et al. [35], when assessing viability of Ascaris spp. eggs with
BacLight® reported similar inaccuracies in viability determination, which were assumed to
be caused by variable degradation levels of proteins in the lipoprotein layer of the

organisms, leading to uncertain classifications.

As for protozoa, some studies [43,44] reported related discrepancies in viability assessment
between dye penetration methods and infectivity assays for C. parvum oocysts. G. muris
cysts, as a model for G. duodenalis, presented a similar effect when Schupp and Erlandsen
[45] compared fluorescein diacetate (FDA) in conjunction with Pl with animal infectivity
tests. Smith and Smith [46] also verified G duodenalis cysts that stained in red by PI could
also present green fluorescence by FDA. This could be explained by enzymes that remain

active even in organisms that do not exhibit complete membrane integrity [23].

Neither methods B or C, in which Merifluor® reagents were not included, allowed
visualizing viable organisms, expected to present green fluorescence under FITC-filter due
to esterase activity. Under DAPI-filter (Method B), some G. muris cysts were detected
because of their stained nuclei and they were either considered non-viable (if presenting
red stain uptake under PI-filter) or they were not visualized showing green fluorescence.
An example of this effect is indicated by an arrows in Fig. 3, which displays a considered
non-viable G. muris cysts, that did not present any green fluorescence under FITC (Fig 3,
panel a), but stained brightly in red under PI-filter (Fig 3, b). Nevertheless, (0o0)cyst
identification and detection should not rely on DAPI filter, as Method 1623.1 [24]
recommends it only for morphology confirmation after immunofluorescence specific

visualization, which is antibody-based.

Fig 3 — G. muris cysts considered non-viable after staining by Method B. Visualization
under (a) FITC-filter; (b) Pl-filter, and; (c) DAPI-filter. Scale bar = 20pum.



C. parvum oocysts were not detected in the samples, as DAPI-filter is only a confirmatory
test and it is very sensitive to debris interference in the microscopy well, and oocysts did
not present any green fluorescence under FITC-filter. Red stain uptake occurred as
expected for cysts and oocysts considered non-viable, which were identified under PI-filter.
Therefore, the simultaneous vital dye assessment was not efficient for replacing IFA in
cysts and oocysts enumeration in a single-panel analysis, due to the lack of green

fluorescence in supposedly viable organisms.

It was inferred that there was low uptake of the esterase substrate that should lead to green
staining of viable (oo)cysts. Accordingly, Santos et al. [48] stated that even fresh and
intact samples of G. duodenalis and C. parvum, because of their robust cell walls [40],
may not be labeled by fluorescent molecules. Examples of such are CFDA-SE
(carboxyfluorescein succinimidyl ester diacetate), similar to carboxyfluorescein diacetate
(CFDA), both common viability assessment dyes. Although they are fluorescein-based,
detection reagents like Merifluor® have surface action when marking cysts and oocysts, i.
e. there is an immunofluorescence reaction and the organisms are marked on their walls.
As for a live/dead viability assay, supposedly living cells need to incorporate the non-
fluorescent dye by diffusion and then metabolize it in order to present fluorescence,

coming from an product retained inside of the viable cell.
Comparisons to propidium iodide control experiment

Table 2 presents the results for cysts and oocysts enumeration after slide preparation by
Method 1623.1 [24] adding propidium iodide (PI). This methodology, which was similar to
Method A using the simultaneous staining, lead to Pl uptake in line with what was
expected, i. e. parasites were detected under FITC excitation and emission ranges and those
which presented red staining under Pl-filter were taken as non-viable. In addition, the
method was operationally simple to carry out. However, the total enumerated organisms by

Merifluor® labeling (green-marked cysts and oocysts within the FITC panel), was higher



(approximately 10! times) than what was verified for slide preparation using the Live/Dead
Cell Assay (Abcam®) in method A, when counting the same suspension volumes, for both
species under analysis (table 1). This endorses a possible influence of simultaneous
staining on the Merifluor® performance, which may compromise the counting of cysts and

oocysts.

Table 2 — Enumeration of G. muris and C. parvum (oo)cysts by Method 1623.1 (USEPA,
2012) in addition to propidium iodide (P1) staining for viability assessment

Filter  Fluorescence G. muris Mean * C. parvum Mean =
n2 n3 SD nl n2 n3 SD
FITC Green 420 959 045 7454251 262 467 350 360+84
Pl Red(non- 1o 1070 047 815:286 85 130 57 91430
viable)

Notes: Organisms visualized in red under PI-filter are considered non-viable. SD =
standard deviation. Each “n” represents a repetition. Sample volume: SpL.

The results found in this study do not exclude the possibility of simultaneous staining
methods for viability assessment work on protozoa, especially because there was red-stain
uptake. Optimizing detection and viability protocols, which lack objective standards [49],
consist on a fundamental task, as steps might differ for each organism, encouraging
research on different strains and that could also more replications, when feasible. For
instance, in order to develop a less labor-intensive method for assessing viability of
helminth eggs in sewage sludge, a live/dead bacterial kit (BacLight®, Molecular Probes
Inc., USA) was used by Dabrowska et al. [34]. The study indicated that the kit allowed
distinguishing viable from non-viable eggs, as the authors tested different variants of dyes
mixture in concentration. The method was also tested by Karkashan et al. [35], comparing
it to conventional incubation and other vital stains, providing a satisfactory performance.
The fundamental principle of BacLight® kit is the same as Live/Dead Cell Assay’s
(Abcam®) used in the present study. The fact that it was efficient on resistant organisms
such as helminth eggs, often used as indicators [50], encourage further investigation on

simultaneous dye-based viability assays on protozoa.

Conclusions



Comparatively to (oo)cyst enumeration and viability assessment from a standard
immunofluorescence assay (IFA) protocol coupled to propidium iodide (PI) inclusion test,
this study demonstrated that IFA reagents have their efficiency impaired by the Live/Dead
Cell Assay (Abcam®) Kit.

Appling the simultaneous stains without IFA reagents, however, is not recommended for
(oo)cyst enumeration, considering supposedly viable G. muris cysts and C. parvum oocysts
did not lead to any green fluorescence from esterase activity in the simultaneous live/dead
test. The organisms considered non-viable incorporated red dye, presenting a similar effect
of propidium iodide conventional staining. The single-panel analysis for viability

assessment and enumeration was therefore not efficient in this study.

Nevertheless, further investigation of simultaneous staining for live/dead assessment in
protozoa is encouraged. Testing different incubation conditions and dye concentrations are
particularly recommended, in order to stimulate esterase substrates incorporation as well as

enzymatic activity.
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