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Introduction
Diseases transmitted by contaminated water occur mainly in 

developing countries, whose populations lack sewage, causing 
outbreaks in entire communities and sometimes epidemics.1 Of the 
most common organisms found in polluted waters is the protozoan 
Giardia lamblia, of which six species are known.2 The cysts, the 
infectious and latent form within its life cycle, are released into rivers, 
lakes, and oceans through discharges of wastewater and rainwater 
that carry pollutants. Once a person is infected, the cyst hatches the 
trophozoite that settles and reproduces in the duodenum causing 
abdominal spasms, anorexia, fatigue, diarrhea, and nausea.3 Cysts are 
resistant to chlorine disinfection and are sensitive to UV light and 
ozone; however, their effectiveness depends on exposure time.4 This 
parasite has been reported in coastal seawater, marine vertebrates, and 
invertebrates in different countries.5-9 

This study uses G. lamblia cyst as a bioindicator of pollution in 
the coastal area affected by effluents from the city of Ensenada, Baja 
California, in addition to other studies such as biochemical oxygen 
demand (BOD) and physicochemical factors (temperature, pH, and 
salinity), to determine the pollution and the risk to marine mammals 
to contract Giardiasis.

Material and methods 
This study is focused on the detection of giardia cyst in coastal 

areas of Baja California. Ten liters of seawater were taken from the 
coastal intertidal zone affected by contaminated effluents for one year 
(2020). Sampling stations are station 1, located at Sauzal; station 2 
is at Papagayo beach; station 3 is at Hermosa beach; station 3 is at 
Cypress beach (Figure 1).

Ten liters of water were filtered through a Whatman grade 6 paper, 
retaining 3μm particles. Subsequently, the filter was washed with 
10mL of sterile distilled water and centrifuged for 5 minutes at 1830 
g. The supernatant was removed, and the precipitate was stored at 
-20°C until use (modified protocol of Betancourt et al.,10). To detect 
G. lamblia cyst was used the ELISA G. lamblia antigen kit Abcam®. 
For this, the instructions of the commercial house were followed. The 
cut-off considered positive was readings greater than 0.2739, using 
the spectrophotometer at 450 nm. Negative and positive control were 
provided in the same kit.

Figure 1 Map showing sampling stations in Ensenada, Baja California, Mexico.

It was also used the direct immunofluorescence assay (DFA.) 
using a modified protocol of Abcam®. Samples were thawed, and 
the precipitate was resuspended in 200μL of sterile saline phosphate 
buffer (PBS: 0.8 % NaCl; 0.2 % KCl; 0.144 % Na2HPO4;0.024 % 
KH2PO4). Twenty microliters were taken from each sample, washed 
with one milliliter of PBS, and then centrifuged at maximum speed 
in a microcentrifuge. The supernatant was discarded, and the pellet 
was fixed with 200μL of the EGTA-methanol buffer (EGTA 50 mM, 
pH 8.0, and 50% methanol). Subsequently, the pellet was centrifuged 
and washed with PBS. Then the pellet was blocked with 200μL of 
BSA/PBS (1% serum bovine albumin (BSA) dissolved in PBS) and 
incubated for one hour at 37°C followed by a wash with PBS twice, 
then 50µL of FITC-anti Giardia (Abcam® ab68458), diluted 1:20 in 
BSA/PBS, was added and incubated one hour at 37°C in darkness. 
Finally, each sample was mounted on a slide to be observed under an 
epifluorescence microscope with an excitation wavelength of 493nm 
and 528nm emission. The cysts were observed to be fluorescent 
green. Positive control was Giardia cyst fixed in formaldehyde (IVD 
Research Inc, Carlsbad, CA, USA) and negative control without it. 

At each sampling station, the following parameters were 
measured. A Thermo-Scientific platinum electronic thermometer 
was used for the temperature, with an accuracy of 0.1°C and 98% 
with a calibrated manual thermometer. Salinity was measured using 
the induction technique for which a Beckman salinometer model 
118WA200 was used, which presented a resolution of 0.0001 salinity 
units and variability of less than 1%. This equipment was calibrated 
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Abstract

G. lamblia is a pathogenic protozoan that affects both animals and humans. The fecal-
oral route transmits this microorganism when ingesting contaminated water or food; its 
cysts, which are latent and infectious, are resistant to extreme environmental conditions. 
Its presence in the coastal zone depends on the discharges of sewage and contaminated 
effluents. This study analyzes G. lamblia in the coastal areas of Ensenada, Baja, California. 
For this study, samples of seawater were taken monthly for a year. G. lamblia cysts were 
detected using the direct immunofluorescence technique (DFA) and ELISA. Positive results 
were obtained in most samples, and both techniques were agreed upon in three samples 
with negative results.
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using commercial standard seawater (IAPSO). pH was analyzed 
using a Thermo-Scientific glass electrode, with a resolution of 0.01 
pH units. Biochemical oxygen demand (BOD) was determined by 
incubation of sample at 20 °C of undiluted seawater for five days and 
determination of dissolved oxygen by the Winkler method, described 
in Parsons et al.11 This technique has a detection limit of 0.12 mg O2/l 
and an accuracy of 85%.

Results

G. lamblia was detected in most samples, 87% by the ELISA 
technique and 81% by DFA. The ELISA technique was negative in 
october for all sampling stations and in november for stations one and 
two. The DFA technique was negative for station one in three months, 
while station two was only negative in October. Station three had four 
negative months (april, may, august, and october), and station four 
had only one month negative (October) (Table 1).

Table 1 Detection of  Giardia lamblia by DFA and ELISA

Station 1 2 3 4
ELISA FITC ELISA FITC ELISA FITC ELISA FITC

Jan (+) (+) (+) (+) (+) (+)
Feb (+) (+) (+) (+) (+) (+) (+) (+)
Mar (+) (+) (+) (+) (+) (+) (+) (+)
Apr (+) (+) (+) (+) (+) (-) (+) (+)
May (+) (-) (+) (+) (+) (-) (+) (+)
Jun (+) (+) (+) (+) (+) (+) (+) (+)
Jul (+) (+) (+) (+) (+) (+) (+) (+)
Aug (+) (-) (+) (+) (+) (-) (+) (+)
Sep (+) (+) (+) (+) (+) (+) (+) (+)
Oct (-) (+) (-) (-) (-) (-) (-) (-)
Nov (-) (+) (-) (+) (+) (+) (+) (+)

Dec (+) (-) (+) (+) (+) (+) (+) (+)

The temperature and pH were similar for the four sampling stations. Data were averaged each month. The temperature was lower in the winter 

months (15°C) and increased for the summer months, being august the 
month with the highest temperature (24°C). The average pH was 7.31 
to 8.29; only station one had the lowest pH of 6.80 in the month of 
December (Figure 2a). Salinity was similar in three sampling stations 
except for station one, which receives a significant contribution of 
wastewater, registering from 0 to 27. While the minimum salinity 
for the rest was 24 and the maximum was 30 (Figure 2b). DBO had 
the highest concentrations in the months of April to June. Station 3 
had the maximum with 9.02 mg.L-1 in June, while the minimum was 
recorded by station 2 with 0.13 mg.L-1 (Figure 2c).

Figure 2 Average physicochemical factors of  a) temperature, b) salinity, 
and c) BOD of  the sampling stations.

Discussion 

Previous studies of G. lamblia, made directly in the water of the 
effluents of the treatment plants of Ensenada, using DFA, demonstrated 
the presence of this parasite,12 so it was very likely to detect the parasite 
in the coastal area affected by these waters. The ELISA technique that 
detects the parasite cyst proteins was very susceptible since most 
samples were positive; however, the DFA detects the entire parasite, 
although it should be noticed that the latter technique is the gold 
standard for its detection in nature. Although the cyst can be stained 
with iodine and seen under an optical microscope, the morphology is 
confusing with other organic particles or microalgae. 

There are few studies of G. lamblia in the coastal zone in México 
and none in the study area of this work. Despite being detected in 
seawater, the survivability of cysts in these waters is not known. G. 
lamblia in its cyst form can survive 2 to 3 months in freshwater with 
temperatures below 10°C and one month at 21°C. On the other hand, 
G. lamblia cysts have been found in marine invertebrates (mussels 
and oysters),9,13-14 and marine mammals such as lions, seals, otters, 
dolphins, and whales.7,15-18 Likewise, Adell et al.6 report G. lamblia 
on the coast of Santa Cruz, California, USA, in different areas of this 
coast, relating greater incidence where wastewater is discharged. 
In areas where total or partially treated water is released, bacteria 
and parasites of anthropogenic origin are located, so it has been 
pointed out that G. lamblia is a good bioindicator of this type of 
contamination.19 The study of G. lamblia in coastal waters is essential 
because it has been shown that bathers are susceptible to infection in 
polluted waters. It has been found that on crowded beaches without 
effluents from inland waters, it is the same bather who contributes 
to the contamination of pathogens of human origin.20,21 Only the 
salinity between the measured parameters indicated the presence of 
the wastewater quantity that receives the coastal area.

Although the presence of G. lamblia is not directly related to 
BOD, it was evaluated in this study to see the quality of the water in 
the sampling area, and we appreciate that station one is significantly 
polluted, followed by station three. Station three, where Hermosa 
beach is located, is a tourist area with great affluence, and its 
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access is sometimes prohibited due to many bacteria, principally 
enterobacteria. This beach has been monitored on other occasions, 
and its high pollution has been reported for decades.22-25 The DBO was 
considered acceptable according to the official Mexican norm (NOM-
001-SEMARNAT-1996) for coastal recreational waters.

This study demonstrates the presence of this parasite in the coastal 
zone; its detection can be considered a good indicator of anthropogenic 
contamination. Continuous microbiological studies are necessary to 
evaluate the contamination impact on the environment.
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