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Abstract

Mangrove waters are essential ecosystems, serving as nurseries for fish and
crustaceans. Investigating bacterial antibiotic resistance in these waters is cru-
cial for assessing potential risks to human health and the safety of food re-
sources derived from these environments. This study highlights the antibiotic
resistance profiles associated with Aerococcus viridans strains isolated from
mangrove waters in Grand Libreville, Gabon, and examines their geographical
variability. The study was conducted from July to September 2025 across nine
urban mangrove sites within the four municipalities that make up Grand Li-
breville: Ambowe, Ondongo, Rouger, Alenakiri, Lowe, Bizango, Angondje,
Ozoughe, and Okala. Water samples were collected at low tide from five sam-
pling points per site, yielding a total of 45 wastewater samples. Bacterial cul-
tures were performed on D-Cococcel agar (BioMérieux, France) at 37.0 £
0.5°C for 48 hours. Each colony underwent Gram staining, as well as oxidase
and catalase testing. Biochemical identification was carried out using API 20
Strep galleries (BioMérieux, France). Antibiotic susceptibility testing was per-
formed using the Kirby-Bauer disk diffusion method with fourteen antibiotic
discs. The prevalence of antibiotic resistance was highest for penicillin (100%)

DOI: 10.4236/jep.2026.179051  Sep. 30, 2026 989

Journal of Environmental Protection


https://www.scirp.org/journal/jep
https://doi.org/10.4236/jep.2026.179051
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0009-0006-0710-3047
https://doi.org/10.4236/jep.2026.179051
http://creativecommons.org/licenses/by-nc/4.0/

D. T. Kassa-Kassa et al.

and erythromycin (60%), representing a potential public health risk. Moreo-
ver, resistance patterns exhibited notable geographical disparities. Higher re-
sistance levels and multidrug resistance scores were observed in sites exposed
to multiple sources of anthropogenic pollution, particularly Lowe (76.2%) and
Ambowe (61.9%). In contrast, lower resistance levels and multidrug resistance
scores were recorded in Okala (16.6%) and Alenakiri (10.71 %), where human
activities are less intense. These findings suggest that anthropogenic activities
contribute to the contamination of mangrove waters in Lowe and Ambowe.
Although the overall situation does not appear alarming, identified hotspots of
resistance, as well as intermediate zones such as Bizango, Rouger, and Ozoughe,
warrant continued monitoring.

Keywords

Mangrove Wastewaters, Aerococcus viridans, Antibiotic Resistance,
Anthropogenic Pressures, Health Risks

1. Introduction

With increasing urbanization, pollution levels in many aquatic ecosystems have
risen significantly [1], particularly in mangrove waters. These ecotones often serve
as primary habitats for commercially important seafood species [2] [3]. They are
also subject to intense anthropogenic pressures that contribute to their degrada-
tion. Mangroves play a crucial role as natural filters for nutrients and pollutants;
however, they are increasingly recognized as reservoirs of antibiotic-resistant bac-
teria (ARB) and antibiotic resistance genes (ARG) in water, sediments, and biota
[4]-[6]. These ecosystems support fisheries resources such as crabs and shrimp
that are highly valued for human consumption, and many local populations de-
pend on these resources for their livelihoods [7].

Aerococcus viridans (A. viridans) has been identified as one of the bacterial
contaminants in mangrove wastewater [8]. This microorganism has been associ-
ated with several infections in aquatic animals, including gaffkaemia in lobsters,
septicemia in sea turtles, and mortality in tilapia [9] [10]. It has also been reported
to infect shrimp and crabs, causing numerous bacterial disease outbreaks [9] [11]
[12]. In addition, Aerococcus species such as A. urinae, A. sanguinicola, and A.
viridans are known to cause urinary tract infections (UTIs) in humans [13], as
well as bacteremia, endocarditis, para-aortic abscesses, meningitis, spondylodisci-
tis, and septic arthritis [14] [15].

It is therefore plausible that this bacterium may be transmitted to humans
through the consumption of aquatic organisms harvested from mangrove envi-
ronments [16]. Consequently, the presence of this bacterium in mangrove waters
may indirectly pose a risk to human health, particularly through seafood con-
sumption, highlighting the urgent need to monitor these ecosystems. The aim of

this study is to determine the prevalence of antibiotic-resistant Aerococcus viri-
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dansin mangrove wastewater from Grand Libreville (Gabon) and to assess its spa-

tial distribution.

2. Materials and Methods
2.1. Study Area and Sampling Period

The study area comprised nine sampling sites located within Grand Libreville, in-
cluding the municipalities of Libreville, Owendo, Akanda, and Ntoum (Figure 1).
Four sites were located in Libreville (Ondongo, Ambowe, Lowe (Mindoube), and
Ozoughe). Additional sites included Alenakiri and Rouger (in Owendo), Okala
(Avolé-Zamé village) and Angondje (in Akanda), and Bizango (in Ntoum). At
each site, five sampling points were selected. This design resulted in a total of 45
water samples collected for analysis.
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Figure 1. Location of the study area (adapted from [17]).

Among all these sites, those of Lowe, Ambowe, and Ozoughe were particularly
affected by anthropogenic activities. The Lowe site is characterized by unregulated
stilt constructions within the mangrove ecosystem, established by foreign commu-
nities engaged in fishing activities in these waters. As a result, traditional latrines

and bathing facilities have been built, leading to the direct discharge of domestic
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wastewater into the mangrove environment. A similar situation is observed at the
Ozoughe and Ambowe sites, where the distinguishing feature is the disposal of all
types of waste into the ecosystem, resulting in multiple forms of pollution [18] [19].

In contrast, sites such as Okala and Ondongo benefit from significant conser-
vation efforts aimed at protecting the ecosystem. For instance, at Okala, a non-
governmental organization actively works toward ecosystem preservation, ensur-
ing that the area remains clean.

The sampling period extended from July to September 2025. During this period,
surface water samples were collected at ebb tide from five points at each site. For
each of the 45 water samples analyzed, the sampling unit consisted of 500 mL of
surface water. Samples were collected using sterile polyethylene containers. These
containers were immediately stored in a light-protected isothermal bag contain-

ing ice packs (-4°C) and transported to the laboratory for analysis.

2.2. Culture and Isolation of Bacterial Colonies

Upon arrival at the laboratory, each water sample underwent four successive serial
dilutions up to 10™%. Subsequently, 1 mL of each original sample and its dilutions
were spread onto D-Cococcel agar plates (bioMérieux, France) using a sterile 10
uL inoculation loop, and incubated at 37.0 + 0.5°C for 48 hours. After incubation,
all bacterial colonies exhibiting distinct morphology and coloration were isolated

on the same medium under identical conditions.

2.3. Identification of Bacterial Colonies

From each plate, only grey colonies on a black background suspected to belong to
the genus Aerococcus were selected. Culturing of the 45 wastewater samples re-
sulted in a total of 51 colonies. Each colony was subjected to Gram staining, as well
as oxidase and catalase tests. Final identification was performed using API 20 Strep

galleries (bioMérieux, France). Results were interpreted using the ApiWeb software.

2.4. Antibiotic Susceptibility Method

Antibiotic susceptibility testing was carried out using the disk diffusion method
on Mueller-Hinton agar (bioMérieux, France), as described by [20]. To ensure a
comprehensive assessment for this taxon, CLSI standards (2024) were utilized to
supplement EUCAST (2023) criteria where data were limited. This approach pre-
cluded the use of surrogate criteria, thereby ensuring a rigorous interpretation of
inhibition zone diameters. A total of 14 antibiotics were tested to determine the sus-
ceptibility profiles of the isolates, including: oxacillin (5 ug), penicillin (10 pg), eryth-
romycin (10 ug), chloramphenicol (30 pg), azithromycin (30 pg), vancomycin (30
ug), teicoplanin (30 ug), streptomycin (10 pg), gentamicin (30 pg), amikacin (30 pg),
tetracycline (30 pg), linezolid (30 pg), cefotaxime (30 pg), and ciprofloxacin (30 pg).

2.5. Statistical Analysis

Opverall and site-specific resistance/susceptibility proportions were compared us-
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ing Pearson’s Chi-square test or Fisher’s exact test when expected cell counts were
below 5. Multidrug resistance (MDR) score, defined as the number of distinct an-
tibiotic classes to which an isolate exhibited resistance, was compared across sites
using the Kruskal-Wallis test. All analyses were performed with statistical signifi-

cance set at a = 0.05.

3. Results
3.1. Prevalence of Aerococcus viridans

The identification of the 51 colonies selected on D-coccocel agar resulted in the
detection of Aerococcus viridans with excellent and very good confidence levels.
The proportion of the 51 selected suspect colonies identified as A. viridans was
100%. Only a single isolate per positive sample was selected for antimicrobial sus-
ceptibility testing to ensure the statistical independence of observations.

3.2. Antibiotic Susceptibility

The overall resistance observed across the entire sample was 38.40%, whereas the
overall susceptibility reached 61.60%. The overall resistance and susceptibility
rates were calculated using the total number of individual susceptibility tests as
the explicit denominator. Accordingly, the overall resistance percentage was de-
fined as the total number of results classified as ‘Resistant’ (R) divided by the total
count of isolates tested.

Table 1. Overall antibiotic susceptibility.

Indicator Value
Overall resistance 38.40%
Overall susceptibility 61.60%

The results (Table 1) highlight two major trends among Aerococcus viridans
strains isolated from mangrove waters. Overall susceptibility (61.6%): the major-
ity of the isolates remained susceptible to the antibiotics tested, and overall re-
sistance (38.4%), where more than one-third of the isolates exhibited resistance.
In microbiology, resistance levels approaching 40% are generally considered high.

The presence of approximately 38% resistance in A. viridans within this specific
environment suggests two main hypotheses. First, it may reflect strong selective
pressure, likely due to anthropogenic pollution such as domestic, agricultural, or
hospital wastewater discharge. Second, the presence of antibiotics in aquatic ecosys-
tems may drive bacterial adaptation. Thus, proximity to human activities is likely a
key factor in this observed resistance. Such resistance levels in A. viridans could po-

tentially impact the survival of certain mangrove species if infections occur.

3.3. Site-Specific Antibiotic Susceptibility Profiles

Resistance levels varied markedly between sampling sites. The highest resistance

rates were recorded at Lowe (76.19%) and Ambowe (61.90%), whereas the lowest
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were observed at Alenakiri (10.71%) and Okala (16.67%) (see Figure 2). This spatial
analysis provides critical geographical insight, demonstrating that Aerococcus viri-
dans resistance is not uniformly distributed across mangrove ecosystems in Grand
Libreville, but instead varies significantly depending on the sampling location.

Two sites exhibited particularly concerning resistance profiles, in which re-
sistance exceeded susceptibility.

Lowe (76.2% resistance) represents the most critical point in the study. The in-
version of the susceptibility/resistance ratio (only 23.8% susceptible) suggests a
strong and continuous contamination source, potentially linked to nearby hospi-
tal, industrial, or dense urban discharge. Ambowe (61.9% resistance), where re-
sistance is also predominant at this site. Together, Lowe and Ambowe may act as
hotspots for the dissemination of resistance genes within the mangrove ecosys-
tem. These sites are the “High-Risk Areas” (Resistance-Dominated Zones).

Additionally, there are transition areas (moderate risk): Bizango, Ondongo,
Ozoughe, and Rouger. These areas showed intermediate profiles, with suscepti-
bility remaining dominant (57% - 75%) but with resistance already well estab-
lished (approximately 30% - 40%). These findings raise the possibility of a corre-
lation with human activity. For instance, are Lowe and Ambowe located near res-
idential areas or waste disposal sites? Alternatively, could this reflect localized pol-
lution events rather than intrinsic resistance patterns of the species?

Finally, there are “high-sensitivity” areas. In contrast, some sites show a much
healthier microbiological profile. Alenakiri (89.3% susceptibility) appears to be
the least impacted, with a low resistance rate (10.7%), and could serve as a refer-
ence for physicochemical comparisons. Okala (83.3%) and Agondje (76.8%) seem

relatively less affected by antibiotic selective pressure.

Aerococcus viridans Resistance and Susceptibility Across Sampling Sites

Lowe 23.8 n=6
Ambowe 38.1 n=6
Rouger 57.1 n=7
Bizango 589 n=8
Ozoughe 64.3 n=7
Ondongo 75.0 n=4
Agondje 76.8 n=8
Okala ] 833 n=6
Alenakiri JJT0 89.3 L
0 20 40 60 80 100

Percentage(%)

Figure 2. Resistance and sensivity of A. viridansby location.

Resistance prevalence to penicillin (P) reached 100% at all nine sites, con-firm-
ing this antibiotic as ineffective against A. viridans across the entire study area,

while linezolid (LZ) remained fully effective (0% resistance) at every site. Beyond
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these two extremes, resistance profiles diverged sharply by location: Lowe and
Ozoughe exhibited near-complete resistance (67-100%) to most antibiotic classes
tested, including vancomycin, teicoplanin, azithromycin and erythromycin,
whereas Alenakiri, Okala and Ondongo showed resistance limited to one or two
antibiotics (mainly erythromycin or streptomycin), with 0% resistance to the re-

maining twelve (see Figure 3).

Antimicrobial Resistance Prevalence of Aerococcus viridans by Site

ADG A 50 25

ALK 1 0 0

50

50

50

100

25 0 0 0 0 0

r 40

Resistance prevalence (%)

r20

‘o‘ ‘ \4/'

Antibiotic code

Figure 3. Prevalence of antibiotic resistance (%) of A. viridans by location. Legend: Vancomycin (VA); Teicoplanin (TEC);
Azithromycin (AZM); Erythromycin (E); Tetracycline (TE); Amikacin (AK); Streptomycin (S); Gentamicin (GEN); Chloram-
phenicol (C); Linezolid (LZ); Oxacillin (Ox); Penicillin (P); cefotaxime (CTX), and ciprofloxacin (CIP).

3.4. Comparison between Site Groups

Group 1 exhibited a mean resistance of 64.30%, compared to 28.60% in Group 2.
Conversely, mean susceptibility was 35.70% in Group 1 versus 71.40% in Group 2
(as shown in Figure 4). Overall, isolates from Lowe, Ambowe, and Ozoughe were
more resistant than those from Okala, Ondongo, Rouger, Bizango, Alenakiri, and
Agondje.

High anthropogenic influence (Group 1), comprising the Lowe, Ambowe,
and Ozoughe sites, exhibits critical levels of antibiotic resistance. This group
shows a complete reversal of the standard microbiological profile of Aerococcus
viridans, with resistance predominating (64.3%) and susceptibility becoming a
minority trait (35.7%). By combining Lowe, Ambowe, and Ozoughe, a distinct
“red zone” of the mangrove ecosystem can be identified. The fact that resistance
reaches nearly two-thirds of the isolates suggests that these three sites may share
highly pronounced ecological or geographical characteristics. This group most

likely corresponds to mangrove sectors located closest to urban discharge outlets
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and wastewater drainage channels, where antibiotic residues accumulate and exert

strong selective pressure favoring resistant strains.

A. viridans: resistance and sensitivity by group

100
mm Resistance
mm Sensitivity
80 -
71.4
9
o 601
on
<
=
3
5 40
[ W}
20
0 m

Gl G2

Figure 4. Resistance and sensitivity of A. viridansby location.

Low anthropogenic influence (Group 2) includes the Okala, Ondongo, Rouger,
Bizango, Alenakiri, and Agondje sites. The microbial dynamics observed in these
sites are markedly reversed compared with Group 1 and more closely resemble a
natural environmental profile, characterized by a clear predominance of suscepti-
ble isolates (71.4%) and a lower residual level of resistance (28.6%). A susceptibil-
ity rate exceeding 70% indicates that the ecological resilience of the mangrove
ecosystem remains largely functional in these areas. These sites are likely situated
in more remote zones, distant from direct anthropogenic pressures. Nevertheless,
the presence of 28.6% resistant isolates indicates that chemical contamination
and/or the transport of resistance genes through water circulation are not entirely
absent, even in the least impacted areas.

These findings demonstrate that antibiotic resistance in the mangrove ecosys-
tem is not randomly distributed, but rather follows a clear pattern of spatial com-
partmentalization. Comparison of the mean resistance rates per isolate between
Groups 1 and 2 revealed a highly significant difference according to both the Chi-
square and Fisher’s exact tests (p < 0.001). This result confirms that the observed
difference in resistance levels between the two groups cannot be attributed to sim-

ple random variation.

3.5. A. viridans Multidrug Resistance (MDR) by Location

Figure 5 shows the distribution of multidrug resistance scores among Aerococ-
cus viridans isolates across the nine sampling sites. The MDR score represents
the number of antibiotic classes to which each isolate exhibited resistance. It
varied significantly between sites (Kruskal-Wallis test, p = 1.19 x 107°), indicat-
ing substantial spatial heterogeneity in antimicrobial resistance profiles. While

some sites exhibited relatively low and homogeneous MDR scores (Group 1),
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others showed higher median values and a broader dispersion of scores (Group
2). The observed variability suggests that local environmental and anthropo-
genic factors may influence the selection and dissemination of antimicrobial re-
sistance. Sites characterized by higher MDR scores may be exposed to stronger
selective pressures, potentially associated with antimicrobial use, wastewater
contamination, livestock activities, or other human-related inputs. Conversely,
sites with lower MDR scores may represent environments subjected to reduced

antibiotic pressure.

Distribution of MDR Scores by Sampling Site

14 Kruskal-Wallis p = 1.19e-05

12

10 .

MDR score

! ! =

T . i

ADG ALK AMB BZG LW OKL OND 0ZG RG
Site code

Figure 5. Distribution of MDR scores by sampling location (Kruskal-Wallis test,
p=1.19x 10°9).

4. Discussion

4.1. Occurrence and Impact of Aerococcus viridans in Mangrove
Wastewaters

The occurrence of A. viridansin the environment constitutes a significant indica-
tor of contamination of human origin, although its precise sources may some-
times be complex to identify [16] [21]. Moore et al, [22] reported that the isolation
of A. viridans at high frequencies exclusively in polluted marine water samples
(Avalon Bay, USA), but not in wastewater effluents or urban runoff, could be at-
tributed to the existence of alternative sources of this bacterium in marine envi-
ronments, even though such sources remain poorly documented to date. Never-
theless, its presence in the oral cavity [21] or among domestic fauna [23]-[25] may

contribute to indirect environmental contamination.

4.2. Antibiotic-Resistant A. viridans: A Dangerous Zoonotic
Pathogen

A. viridans, a fastidious Gram-positive coccus associated with a wide range of dis-
eases in both humans and animals, has been isolated from environmental samples,
aquatic organisms, wildlife, livestock, and animal-derived products [21] [26]. To
our knowledge, this is the first study investigating A. viridansin wastewater sam-

ples from urban mangrove aquatic ecosystems. Our results indicate that the prev-
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alence of antibiotic resistance is higher in the Lowe and Ambowe sites, which cor-
respond to areas with greater anthropogenic pressure, consistent with findings
from previous studies [27]. Urbanization and industrialization contribute to in-
creased loads and adverse effects associated with antibiotic discharge into aquatic
environments [28]. As reported by several authors, a high prevalence of antibiotic-
resistant bacteria in the environment often serves as an indicator of anthropogenic
pressure, such as antibiotic pollution or urban discharge [29] [30]. Several studies
corroborate our findings. For instance, in India, the highest abundance of antibi-
otic-resistant bacteria was recorded in mangrove ecosystems receiving human
waste discharge [31], suggesting that these sites were the most polluted by anthro-
pogenic activities, including untreated domestic, commercial, industrial, and ag-
ricultural effluents. This supports the hypothesis that the relatively high levels of
antibiotic resistance may result from the exchange of resistant bacteria between
humans, aquatic fauna, and the environment [28] [32]. Overall, these findings
suggest that antibiotic-resistant A. viridans should be considered a zoonotic bac-
terial pathogen [21] [33]. Furthermore, its presence may also be regarded as an

indicator of human-derived contamination [4].

4.3. Health Risks Associated with Antibiotic-Resistant A. viridans
Strains in Mangrove Ecosystems

The presence of antibiotic-resistant A. viridans strains in mangrove ecotones may
pose significant public health concerns [5]. This bacterium is frequently isolated
in hospital settings and has also been identified as a marine pathogen responsible
for fatal diseases in several aquatic species, including sea turtles, fish, and lobsters
[34] [35]. Available data indicate that A. viridans can be highly pathogenic to cer-
tain aquatic animals, representing both ecological and economic risks in coastal
ecosystems [35] [36]. This ecological risk is compounded by a direct threat to hu-
man populations, particularly those relying on subsistence fishing in these waters.
Comparison with existing literature highlights that seafood consumption consti-
tutes a well-documented route of human infection by A. viridans[12]. Mangroves
serve as nurseries for crabs and shrimp, which, once contaminated, may transmit
the pathogen to humans [37]. A clinical case in India linked A. viridans infection
to lobster consumption two weeks prior to symptom onset [38].

In our study, resistance rates to penicillin and erythromycin were 100% and
60%, respectively. These values are comparable to those reported in Burkina Faso,
China, and Algeria, where penicillin resistance reached 83.3% [14] [39] [40], oxa-
cillin 83.3%, chloramphenicol 80%, and erythromycin 66.7% [21] [40]. Contrary
to some earlier findings [40], A. viridanswas previously considered susceptible to
commonly used hospital antibiotics. However, recent studies indicate that it often
remains susceptible to S-lactam antibiotics, particularly penicillin, which is re-
garded as the treatment of choice for infections caused by this bacterium [21]. The
observed resistance to penicillin and erythromycin may be explained by their fre-

quent use in treating Group B Streptococcus (GBS) infections, with erythromycin
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serving as an alternative to penicillin [41]. Variations in resistance and MDR
across study sites may be attributed to differences in antibiotic usage patterns be-
tween geographical regions and other anthropogenic pressures [30]. Indeed, several
reports indicate considerable diversity in antibiotic resistance profiles among iso-
lates from different locations [10]. Moreover, published data on the antibiotic sus-
ceptibility of environmental A. viridansisolates remain limited. The presence of this
rare environmental pathogen is likely to pose public health challenges. Transmis-
sion to humans may occur through foodborne or environmental exposure [21] [38].
Numerous studies have reported infections in fish and crustaceans caused by this
bacterium [36] [42], which may subsequently lead to human infection following
seafood consumption.

Mangrove ecosystems provide suitable habitats for many of these seafood spe-
cies [43] [44], including mud crabs and shrimp [45] [46]. Notably, A. viridanshas
been detected in mangrove mud crabs [45]. These organisms represent an essen-
tial source of nutrients, such as proteins, lipids, and minerals, for human popula-
tions in many regions [44] [47].

Consequently, this situation may lead to significant health risks, particularly in
developing countries where resources for managing public health crises are often

limited.

5. Conclusion

Aerococcus viridans is a bacterium widely distributed in mangrove ecosystems in
Gabon. This bacterium may be transmitted to humans through the consumption
of seafood, including crustaceans and fish harvested from these mangrove waters,
thereby posing a potential health risk to consumers, particularly when the bacte-
rium carries antibiotic resistance traits. Our study showed that antibiotic-resistant
A. viridans is of anthropogenic origin, as resistance prevalences were markedly
higher in the most anthropized areas, namely Lowe, Ambowe, and Ozoughe,
where human activities are more intense, compared with the more preserved sites
of Okala and Ondongo.
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