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Streptococcosis is an infectious bacterial disease of both homeotherms and poikilotherms.
Among the Streptococcus species that infect marine animals, Streptococcus agalactiae has
the broadest host spectrum, including different aquatic organisms in freshwater and marine
environments. The common dolphin (Delphinus delphis) is categorized as Endangered in the
MediterraneanSea.Thereare few reportsof a streptococcal infectionofD.delphis, causedby
Streptococcus phocae and Streptococcus iniae. Here we report the isolation and
identification of S. agalactiae in a stranded, wild male common dolphin that was found
dead inSeptember 2020on the seashore next to the city ofBat-Yam, Israel. The carcasswas
fresh with a moderate nutritional status and with no apparent fishing gear or other
anthropogenic-related signs. A post-mortem examination did not reveal an apparent cause
of death, but further laboratory analysis demonstrated a S. agalactiae bacterial presence in
urine, lungs and pericardial fluid that was characterized as type Ia-ST7 by whole genome
sequencing. Interestingly, this isolate was found to be almost identical to another isolate
recently recovered from a wild sandbar shark (Carcharhinus plumbeus) in the same area in
Israel, the eastern Mediterranean Sea.
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INTRODUCTION

Bacterial infections are considered to be a significant threat to
marine mammals, causing significant morbidity and mortality.
Members of the genus Streptococcus are among the most
commonly reported pathogens in marine mammals, including
cetaceans (Dunn et al., 2001; Numberger et al., 2021). Although
these bacteria have been isolated from apparently healthy
individuals, they have also been associated with significant
pathological changes and zoonotic potential (Dıáz-Delgado
et al., 2017). Streptococcosis is a septicemic disease that affects
freshwater, brackish and marine animals in wild and farmed
populations. Ten streptococcal species have been isolated from
marine mammals, including Streptococcus agalactiae (Group B
Streptococcus, GBS) and other closely related streptococci like S.
phocae and S. iniae (Numberger et al., 2021). In the area of the
eastern Mediterranean Sea, there are very limited data regarding
the presence and importance of streptococcal infection in the
marine environment and Streptococcus spp. are reported in wild
marine fish (Zlotkin et al., 1998; Corloni et al., 2002; Berzak et al.,
2019). The common dolphin (Delphinus delphis) is a small
cetacean species with a wide distribution. Delphinus delphis was
once abundant in the Mediterranean Sea, but from the 1960s the
species declined dramatically in the region and theMediterranean
subpopulation contains fewer than 2,500 mature individuals
(Notarbartolo di Sciara and Tonay, 2021). It is estimated to
continue and decline of at least 20% in two generations, and a
reduction of 66% is suspected in the past three generations (Bearzi
et al., 2003; Del Mar Otero and Conigliaro, 2012; Notarbartolo di
Sciara andTonay, 2021).At a global level, the species is classified as
“Least Concern” (Braulik et al., 2021). However, due to its
dramatic decrease, the Mediterranean subpopulation was listed
as “Endangered” in the International Union for Conservation of
Nature (IUCN) Red List (Bearzi, 2012). In the Mediterranean, D.
delphis are found in both pelagic and neritic environments,
forming mixed groups along with Striped (Stenella coeruleoalba)
and Risso’s Dolphins (Grampus griseus) (Frantzis and Herzing,
2002). Isolated groups are also recorded, with about 50–70
individuals (Bearzi et al., 2003). Threats to the species in the
region include competition with commercial fisheries (Bearzi
et al., 2003), PCB pollution (Borrell et al., 2001), bycatch and
climate change (Bearzi, 2012). As with other Mediterranean
marine mammals, data on health status is limited, and few
publications described Erysipelothrix rhusiopathiae, Toxoplasma
gondii and dolphin morbillivirus as the primary infectious agents,
affecting the common dolphin in the Mediterranean Sea area
(Vella et al., 2021). Here we report the first isolation and
identification of S. agalactiae type Ia-ST7 in a common dolphin
from theMediterranean subpopulation, and the first report of this
infection for the species worldwide.
METHODS

In September 2020, a male common dolphin was found stranded
nearby Bat-Yam, Israel. The carcass was collected for necropsy at
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the Morris Kahn Marine Research Station in Ashdod, Israel. A
post-mortem examination was conducted, based on the
procedure described by Kuiken and Garcıá Hartmann (1993)
and Ijsseldijk et al. (2019), and tissue samples were aseptically
collected to avoid cross contamination. An exhaustive
pathological examination was not performed, as other research
groups were involved in the necropsy and removed the brain and
gastrointestinal tract for functional MRI and microplastic
analysis, respectively. Due to several ongoing studies described
above, the sampling protocol was also performed with
limitations. Samples of the penis, spleen, testicle, liver and
several sections of the lung and kidney were fixed in 10%-
buffered formalin for 48 h. Subsequently, the fixed samples
were reduced in size, trimmed, dehydrated, embedded in
Paraplast®, and stained with Hematoxyline & Eosin and Gram
stain for routine histological evaluation. Liver, spleen, kidney and
lungs were sampled by sterile swabs, and pericardial fluid and
urine (from the urinary bladder) were collected aseptically via
sterile needle and syringe during the necropsy. Before swabbing,
the surface of the organ was seared with a hot blade, then incised
with a sterile scalpel and, finally, a sterile swab was inserted into
the incision. Two aliquots, one for PCR (stored at -20°C) and one
for microbiological investigations (stored at 4°C), were collected.
These samples were sent to the department of bacteriology at the
Kimron Veterinary Institute were the pericardial fluid and urine
were aseptically swabbed and further used for the following tests.
All the mentioned above swabs were screened by molecular tools
for canine distemper virus (CDV) following Elia et al. (2006). For
bacteriology, all swabs were inoculated onto tryptic soy agar
(TSA), blood agar (5% sheep blood enriched TSA), and
MacConkey agar, and incubated for 24-48 h at 37°C. The
samples were inoculated onto Brucella agar as previously
described (Markey et al., 2013) for 10 days and onto
Mycoplasma broth followed by Mycoplasma agar incubated at
37°C for up to 10 days in CO2 enriched atmosphere as described
before (Blum et al., 2010). Confirmation of bacteria species was
initially done by Matrix Assisted Laser Desorption Ionization
Time of Flight Mass Spectrometry (MALDI-TOFMS), according
to the manufacturing protocol (Autoflex, Bruker). Antimicrobial
sensitivity test was performed to this strain by in vitro
susceptibility testing by standard disk diffusion method and
inhibition zones were measured as previously described (Elad
et al., 2018). DNA was extracted from bacterial colonies isolated
from the urine using a Wizard SV Genomic System (Promega,
WI, USA) by genomic DNA purification protocol following the
manufacturer’s instructions for tissue lysates. The quantity and
purity of the DNA were estimated using NanoDrop One
(Thermo Scientific, Rockford, CA, USA). The genomic DNA
obtained was stored at −20°C until use. The quantity and purity
of the DNA were estimated using NanoDrop One (Thermo
Scientific, Rockford, CA, USA). The isolates were further
serotyped at the Public Health National Reference Laboratory
(Ministry of Health, Israel) using a molecular serotyping
method by multiplex-PCR for species confirmation and direct
identification of capsular type (Poyart et al., 2007). Additionally,
whole-genome sequencing (WGS) was performed. The DNA for
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WGS was extracted using the QIAsymphony® SP system and
the QIAsymphony® DNA mini kit (Qiagen) according to the
manufacturers’ recommendations. A DNA library was prepared
using the Nextera XT library preparation kit (Illumina, CA,
USA), followed by WGS using the Illumina MiSeq system with
the read length of 250 bp paired-end. Reads were assembled
using SPAdes by the BioNumerics 8.0 platform.
RESULTS

The dolphin weighed 85.5 kg, had a girth measuring 107 cm, a
total length of 211 cm and was classified as mature according to
Murphy and Rogan (2006); we assumed that the animal was not
of old age base on mild erosion of the teeth. At necropsy, no
external signs of interaction with fishing gear were observed. The
decomposition state of the carcass was classed as ‘fresh’
(condition code 2; DCC2), as defined by Ijsseldijk et al. (2019),
with a moderate nutritional status. Little gross changes were
evident, including an assumed papilloma at the end of the penis.
Emphysema was found in the cranial parts of both lungs along
with a white foam material in the bronchioles. Five ml of
mucopurulent discharge was observed in the urinary bladder
(Figure 1). Histological examination of lungs revealed numerous
bacterial colonies in subpleural alveoli and numerous bacterial
colonies in pulmonary blood vessels (Figure 2A). The splenic
architecture appeared within normal ranges with no evidence of
lymphoid depletion. The liver was partially autolyzed. However,
extracellular bacteria were present inside hepatic blood vessels
Frontiers in Marine Science | www.frontiersin.org 3
but no lesions were observed in the parenchyma (Figure 2B).
Bacterial colonies were also observed in the capillaries of the
kidneys (Figure 2C). Aerobic culture yielded pure bacterial
colonies of spherical or ovoid cocci, 1-2 mm in diameter,
grayish-white, smooth, glossy and translucent, with a narrow
zone of b hemolysis. Colonies, consistent with the genus
Streptococcus, appeared on the blood agar plates 48 h post-
inoculation from the mucopurulent discharge from the urine,
lungs and pericardial fluid. Gram staining confirmed the presence
of Gram-positive bacteria (Figures 2D, E). The bacteria were
confirmed as S. agalactiae by MALDI-TOF MS, and further by
the mentioned above molecular methods. No other bacteria were
isolated from the tested samples. The isolate was resistant to
Gentamicin with intermediate susceptible to Amoxicillin/
clavulanic acid, Ampicillin, Fluoroquinolones and Tetracyclines
and susceptible to Erythromycin, Sulfamethoxazole/
Trimethoprim, Florfenicol, Penicillin, Penicillinase resistant
penicillins, First gen. cephalosporins and Clindamycin. The
assembled genome was submitted to the PubMLST S.
agalactiae database as ICLGBS002 (ST35685). The strain was
identified as ST-7 strain by wgMLST comparison analysis of ST-7
strains. Using the Genome Comparator (GC) tool, allelic profiles
of the 2,207 loci were retrieved and imported to BioNumerics 8.0
(Applied Maths) in order to generate a phylogenetic tree
(Figure 3). The present isolate is almost identical with a two-
SNP difference in comparison of 1,969,033 bases (96.7% genome
size), to an isolate described by Morick et al. (2020), collected
from a moribund sandbar shark (Carcharhinus plumbeus) found
on Netanya’s shoreline (Israel – east Mediterranean coast) in
FIGURE 1 | Gross pathology of the urinary bladder of a common dolphin (Delphinus delphis). About five ml of mucopurulent discharge was observed in the urinary
bladder.
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2018. Other tests that were performed and described in the
methods section produced negative results.
DISCUSSION

Although rapid population declines have been reported for the
species in the Mediterranean, the causes are still a matter of
speculation. Studies indicate that synergistic environmental and
anthropogenic causes contributed to the reduction reported in
the region (Vella et al., 2021). Overexploitation of their prey
(Bearzi et al., 2008) and niche competition with striped dolphins
(Giménez et al., 2018) are also potential causes. Nevertheless,
quantitative data on abundance and decline rates are not
available for this subpopulation, so a reduction in population
size was inferred at more than 50% over a three-generation
period (30 to 45 years) (Bearzi, 2012). This subpopulation was
listed as “Endangered” based not only on population declines but
also on its extent of occurrence, as well as a deterioration of
habitat quality (Bearzi et al., 2003). One of the most commonly
used proxies to assess a population (and its habitat) status is the
systemic health of individuals. Environmental alterations can
Frontiers in Marine Science | www.frontiersin.org 4
affect the immune response of cetaceans, making them more
susceptible to infectious diseases and associated mortality
(Romano et al., 2002). Concerning diseases affecting this
subpopulation (both infectious and non-infectious), neoplasms
with metastatic potential (Di Guardo et al., 2005; Dıás-Delgado
et al., 2012), Erysipelothrix rhusiopathiae infection (Fernández-
Maldonado, 2016), toxoplasmosis (Sobrino et al., 2007) and
intestinal parasites (Quiñones et al., 2013) have already been
described for D. delphis Mediterranean subpopulation. There is
also evidence that shared habitat and foraging resources between
common and stripped dolphins may lead to disease outbreaks, as
morbillivirus epizootics are reported for both species since the
1990s (Birkun et al . , 1999; Raga et al. , 2008). The
immunosuppressive effect of morbillivirus in wild populations
can make common dolphins predisposed to other infections that
can seriously compromise population health and recovery from
declines caused by other stressors.

Streptococcus agalactiae is a Gram-positive coccus, and S.
agalactiae ST-261 was first reported in 1988 from farmed Nile
tilapia (Oreochromis niloticus) leading to outbreaks in Israel
(Eldar et al., 1994). Streptococcus outbreaks were also reported
in farmed cows in the region (and worldwide), but due to a
FIGURE 2 | Streptococcus agalactiae in lungs, liver, and kidney of a common dolphin. (A) Colonies of spherical or ovoid cocci, 1-2 mm in diameter, detected in
subpleural alveoli and lung blood vessels (H&E stain). (B) Colonies identified inside hepatic blood vessels. No lesions or pathology was observed in the parenchyma
(H&E stain). (C) Colonies and detached bacteria detected in the capillaries of the kidneys (H&E stain). Higher magnification of the kidney (D) and Gram-positive cocci
confirmation in kidney samples (E); (Gram stain).
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successful eradication program, it is no longer a sanitary issue in
Israel (Lavon et al., 2019). In the late 1980s, it had also been
described in association with marine mammal infections and
cause of death, when it was isolated from wounds and tissue
lesions of grey seals in Scotland (Halichoerus grypus) and
Antarctic fur seals (Arctocephalus gazella) on Bird Island
(Baker, 1988; Baker and McCann, 1989). The first cetacean
isolations were in the early 2000s, as a fatal fasciitis and
myositis in a captive common bottlenose dolphin (Tursiops
truncatus), then a wild animal with no associated pathology
(Zappulli et al., 2005; Evans et al., 2006). Streptococcus agalactiae
has also been described as part of the nasal flora of healthy
captive Hawaiian monk seals (Monachus schauinslandi) in
Hawaii (Kissel et al., 2011). Consumption of diseased fish was
a means of bacterial transmission to marine mammals, as S.
agalactiae is a significant piscine pathogen (Numberger et al.,
2021). The results of the antibacterial drug sensitivity test showed
susceptibility of this isolate to the drugs that are most frequently
used in human and veterinary medicine in this region. The
resistance to gentamicin is reasonable and was described before
for S. agalactiae isolated from a captive common bottlenose
dolphin (Tursiops truncatus) (Zappulli et al., 2005). Additional
studies should be conducted to increase the knowledge of GBS
sensitivity profile to antimicrobials in marine animals.
Streptococcus agalactiae was isolated from mucopurulent
discharge from the urinary bladder, lungs and pericardial fluid,
suggesting possible antemortem peracute septicemia. There was
Frontiers in Marine Science | www.frontiersin.org 5
no significant gross nor microscopical findings available that
could be associated with streptococcal infection. Unfortunately,
the cause of death or primary causes for disease in this common
dolphin remains undefined, but the dissemination of S.
agalactiae may have contributed to stranding and death. The
current isolate was assigned to ST7, which is a human pathogenic
lineage, associated with septicemia and meningitis of
immunocompromised people (Harris et al . , 2011).
Streptococcus agalactiae, previously reported in association
with marine mammals (Zappulli et al., 2005), but also
associated with outbreaks of fish disease, suggesting links
between human, fish, and cetacean cases (Evans et al., 2006;
Evans et al., 2008; Delannoy et al., 2013).

This is the first published report of a Streptococcus agalactiae
infection in a common dolphin, with the potential to dispersion
throughout the already endangered Mediterranean
subpopulation. To date, conservation measures for the species
are recommendations from the Convention on Biological
Diversity, the Barcelona Convention (trough the Protection of
the Marine Environment and Coastal Region of the
Mediterranean), the Bern Convention (trough the Convention
on the Conservation of European Wildlife and Natural Habitat),
the Bonn Convention (trough the Convention on Migratory
Species), legal protection trough the Legal Notice 203 (2003,
Malta), the Convention on International Trade in Endangered
Species of Wild of Flora and Fauna (CITES, Appendix II), and
the Habitats Directive (92/43/EEC) (Vella et al., 2021). Marine
FIGURE 3 | Whole genome MLST phylogenetic analysis of 55 publicly available global ST-7 sequences. Minimum spanning tree was based on wgMLST scheme
(2,207 genes). The numbers on branches indicate allelic differences between strains. Group B Streptococcus (GBS) serotype is shown on top of the nodes. Color-
coding is by country of origin ND = no data available regarding the serotype of the isolate.
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Protected Areas are cited as a promising strategy to protect
common dolphin populations, especially from human-induced
disturbances (Giménez et al., 2021). Although such measure is
extremely relevant for the species, infectious agents with
zoonotic potential adhere to statutory delineations, thus
confounding the management of diseases that might
compromise species conservation. Long-term monitoring
should be done, and funds should be constantly allocated to
better understand the demographic and evolutionary effects of
infectious diseases (Vella et al., 2021), as well as the genetic basis
of susceptibility. This pathogen has been diagnosed in other
marine fish (Morick et al., 2020) and now in a marine mammal
in the eastern Mediterranean Sea. Possible transmission routes of
this pathogen into marine mammals can include infected prey,
sea bird feces and human and terrestrial animals wastes via
sewage and rivers (Numberger et al., 2021). Further inquiry into
the importance of S. agalactiae in wild marine animals in this
area and its zoonotic potential is needed.
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