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ABSTRACT

Strains	of	Mammalicoccus	species	are	often	considered	as	contaminants	or	at	the	most	opportunistic	pathogens	but	rarely	as	cause	of	
infections.	This	retrospective	data	analytical	study	was	undertaken	to	understand	the	role	of	Mammalicoccus	species	strains	in	the	
causation	disease	 in	humans,	animals	and	birds.	The	data	for	the	12	years	retrieved	from	Clinical	Epidemiology	 laboratory	of	 the	
Institute	was	analyzed	statistically	for	determining	the	association	of	mammaliicocci	and	their	antimicrobial	resistance.	The	study	
revealed	that	M.	lentus	and	M.	sciuri	species	strains	may	cause	lethal	septicemia	(14),	abscesses	and	wounds	(14),	eye	and	ear	infections	
(4),	mastitis	(7),	metritis	(5),	prostatitis	(1),	upper	respiratory	tract	(4)	and	urinary	tract	infections	(2).	Mammaliicoccus	species	strains	
caused	septicemia	in	buffaloes,	cattle,	dog,	elephant,	spotted	deer,	tigers,	poultry,	and	hawk	besides	causing	other	ailments	in	buffaloes,	
cattle,	dogs,	goat,	horses,	and	humans.	Most	of	the	Mammaliicoccus	strains	were	susceptible	to	thyme	oil	(94.03%),	carvacrol	(88.06%),	
ajowan	oil	(85.07%),	and	common	antimicrobials	used	therapeutically	including	linezolid	(100%),	imipenem	(94.03%)	and	tigecycline	
(92.54).	Many	of	the	Mammalicoccus	strains	were	resistant	to	methicillin	(37.31%)	and	vancomycin	(35.82	%),	and	59.70%	of	the	strains	
had	multiple	drug	resistance	(MDR).	Strains	isolated	from	heart	blood	of	septicemic	cases	were	signi�icantly	(p,	<0.05)	more	resistant	to	
ajowan	oil,	holy	basil	oil,	cinnamaldehyde,	carvacrol,	carbapenems,	macrolides,	cefalosporins,	tetracycline,	cipro�loxacin	and	cefotaxime	
and	were	more	often	resistant	to	multiple	antibiotics	(p,	<0.01)	than	those	associated	with	other	infections.	The	Mammalicoccus	strains	
of	 cattle	 origin	were	more	 often	 resistant	 (p,	 <0.05)	 to	 cinnamaldehyde,	 carvacrol,	 cinnamon	oil,	 and	macrolides	 (erythromycin/	
azithromycin)	and	had	MDR	than	those	isolated	from	buffaloes,	humans,	and	dogs.	However,	ESBL	production	was	more	common	(p,	
<0.02)	in	Mammalicoccus	isolates	infecting	buffaloes	than	those	infecting	horses.	The	study	concluded	that	Mammalicoccus	strains	may	
cause	a	variety	of	 infections	in	humans,	animals	and	birds	and	possess	resistance	to	methicillin,	vancomycin	along	many	high-end	
antibiotics.
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Introduction
There are �ive species in Mammaliicoccus genus including M.	
�leurettii,	M.	lentus,	M.	sciuri,	M.	stepanovicii, and M.	vitulinus	[1]. 
Mammaliicocci are frequently isolated as predominant 
Coagulase-Negatice Staphylococcus (CoNS) from animal sources 
(milk and meat) and are often considered harmless [2, 3] and 
rarely reported to be associated with mastitis in cows, illness in 
goats and piglets and from cases of canine dermatitis [4-8]. 
Strains of M.	sciuri	are also known to cause acne in humans [9]. 
Even some of M.	sciuri	isolates from goat milk are shown to be of 
probiotic value [10]. Mammaliicoccus strains are known to 
possess resistance genes to several antibiotics [4, 11-13]. In 
recent years, M.	 �leurettii,	 M.	 lentusand M.	 sciuri	 have been 
detected in cow milk in many countries [3, 7, 8]. Besides 
methicillin resistance in M.	sciri isolates from dairy milk, on 17 
dairy farms in Germany [8] among 64 isolates resistance 
phenotype to penicillin (58), cefoxitin (25), chloramphenicol 
(26), cipro�loxacin (25), clindamycin (49), erythromycin (17),

fusidic acid (61), gentamicin (8), kanamycin (9), linezolid (1), 
mupirocin (4),  rifampicin (1),  sulfamethoxazol (1), 
streptomycin (20), quinupristin/dalfopristin (26), tetracycline 
(37), tiamulin (59), and trimethoprim (30) were reported. 
Apart from milk, ground meats (beef, chicken, pork) has also 
been reported as the common source of drug-resistant 
mammaliicocci [2], and beta-lactam antibiotic-resistant M.	
sciuri	and M.	 lentuswere detected from nasal swabs of cattle 
calves [7]. Methicillin resistance (mecA) gene reservoir M.	sciuri	
was also reported from seabirds [14] but none of the two 
isolates of M.	sciuri	from the skin of the 41 healthy pigeons was 
resistant to cipro�loxacin, clindamycin, chloramphenicol, 
erythromycin,  fosfomycin,  gentamicin,  levo�loxacin, 
nor�loxacin,  rifampicin,  tobramycin,  trimethoprim/ 
sulfamethoxazole, vancomycin and not had multidrug-
resistance [15]. Methicillin-resistant M.	lentus	and M.	sciuri are 
reported as the common nasal micro�lora in camels [16-18] and 
dromedary camels are suspected to be reservoirs of methicillin-
resistant Mammaliicoccus strains [18]. 
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Herbal	 antimicrobial	 susceptibility	 assay :  Herbal 
antimicrobial susceptibility was determined through disk 
diffusion assay [25] using disks (loaded with 2 mg of active 
ingredient) ajowan oil, guggul oil, holy basil oil (99% pure 
received from Subh Fragrance Ltd (Delhi), carvacrol, 
cinnamaldehyde, cinnamon oil, citral, lemongrass oil, thyme oil 
(95-99% pure from Sigma-Aldrich, USA) and sandalwood oil 
(100% pure from Mysore Sandal works (India). A measurable 
zone of bacterial growth inhibition around the disk was 
recorded as susceptible else resistant to the respective herbal 
antimicrobials.

Statistical	analysis: All antimicrobial susceptibility data was 
entered in a Microsoft-Excel Sheet and analyzed for Odds ratio, 
and Chi-square analysis to �ind out any difference in 
susceptibility of Mammaliicoccus strains of different species 
and of different origins.

Results	
Strains of Mammalicoccus species (M.	lentus 43 and M.	sciuri 24) 
were isolated from healthy humans carrying M.	sciuri on �inger 
nails (2), excreting bacteria in urine (M.	sciuri 2, M.	 lentus 1), 
from buffen (M.	 lentus 2), in goat milk (M.	 lentus 1) and 
environmental sources (M.	lentus 3, M.	sciuri 3), and 53 isolates 
were from clinical samples of humans (from three of 625 
samples) and animals (from 50 of 1930). Mammaliicoccus 
species strains were isolated from pus swabs of abscesses and 
wounds (14), swabs samples of eye and ear infections (4), milk 
of animals suffering from mastitis (2 buffaloes, 5 cows), uterine 
aspirates from cases of metritis (5), penile excretion of 
prostatitis cases (1), deep nasal swabs from cases of upper 
respiratory tract (4) infections and urine of patients with 
urinary tract infections (2). Mammaliicoccus species strains 
were also detected in pure culture from heart blood of 14 
animals (2 buffaloes, 6 cattle, 1 dog, 1 elephant, 1 spotted deer 
and three tigers) and two birds (poultry, hawk) died due to 
septicemic infections (Tab. 1). Mammaliicoccus strains of two 
species (M.	lentus, M.	sciuri) were identi�ied causing infections in 
many different species of animals and birds including buffalo (5 
M.	lentus, 2 M.	sciuri), cattle (10 M.	lentus, 1 M.	sciuri), dogs (11 M.	
lentus, 4 M.	 sciuri 4), and elephant (1 M.	 lentus), goat (1 M.	
lentus), hawk (1 M.	 lentus), horses (4 M.	 lentus, 8 M.	 sciuri), 
humans (4 M.	 lentus,	 4 M.	 sciuri), poultry bird (1M.	 sciuri), 
spotted deer (1 M.	sciuri), and tigers ( 3 M.	lentus).
Among the herbal antimicrobials thyme oil was the most 
effective, inhibiting 94.03% of the Mammaliicoccus strains in the 
study followed by carvacrol (88.06%), and ajowan oil (85.07%), 
and the least effective was guggul oil (28.36%), and lemongrass 
oil and sandalwood oil also inhibited less than 50% of the 
Mammalicoccus strains (Tab. 2). More than half (58.21%) of 
Mammaliicoccus	 strains were resistant to more than three 
herbal antimicrobials. Though there was no signi�icant 
difference in herbal antimicrobial susceptibility of M.	lentus and 
M.	sciuri strains to most herbal antimicrobials, more of the M.	
lentus strains were resistant to cinnamaldehyde (OR 11.10; p, 
<0.01) than M.	sciuri strains. 
Among the antibiotics the most effective on Mammaliicoccus	
strains was linezolid inhibiting all the 67 strains followed by 
imipenem and tigecycline inhibiting 94.03% and 92.54% of the 
strains, respectively (Tab. 3). A total of 37.31% and 35.82 % of 
Mammalicoccus species strains were methicillin resistant and 
vancomycin resistant, respectively but 59.70% of the strains 
were resistant to three or more classes of therapeutically used 
antibiotics (Tab. 4).

In a study on ruminants and camelids of New World [19], from 
723 nasal swabs, M.	sciuri, M.	lentusand M. �leurettii strains were 
detected in 130, 43 and 11 swabs, respectively and many of the 
isolates had a multi-resistance phenotype. Mammaliicoccus	
sciuri strain causing acne [9] showed resistance penicillin but 
was susceptible to tetracycline, chloramphenicol, cipro�loxacin, 
levo�loxacin, co-Trimoxazole, gentamicin, o�loxacin and 
a q u e o u s  ex t ra c t s  o f  h e r b s  i n c l u d i n g  Ci t rus l imon , 
Psidiumguajava, Menthasachalinensis and Punicagranatum. 
Though mammaliicocci are frequently isolated from apparently 
healthy animals and their products [2, 3], very few reports are 
there of their isolation from clinically sick animals and humans 
except a few cases of mastitis, dermatitis, a few cases of illness in 
goats and pigs [4- 8] and acne in humans [9], no precise 
information is available on their association with infections in 
humans, animals and birds in India. This study on comparative 
herbal and conventional antimicrobials susceptibility of 
Mammaliicoccus isolates from referred clinical samples of 
animals, humans, and birds, and also from samples of 
environmental, and apparently healthy humans and animals.

Materials	and	Methods
Samples	and	bacteriological	analysis: Over the last 12 years 
samples from a total of 2555 referred clinical cases were 
received for bacteriological analysis in the Clinical 
Epidemiology laboratory of the department from veterinary 
poly clinic and Centre for Animal Disease Research and 
Diagnosis of the Institute. All the samples were processed 
following standard bacteria isolation and identi�ication 
methods [20, 231] and isolates of Mammaliicoccus were 
con�irmed based on their biochemical characteristics [22]. For 
further identi�ication of Mammaliicoccus species isolates were 
con�irmed matrix-assisted laser desorption ionization-time of 
�light (MALDI-TOF) mass spectrometry (MS) (Broker Daltonics 
Germany) pro�ile. All the identi�ied strains of Mammaliicoccus 

ospecies were stored in glycerol medium at -80 C till tested and 
oactive cultures were stored on Nutrient agar slants at 4-8 C.

Antibiotic	 susceptibility	 assays:  All the con�irmed 
Mammaliicoccus species isolates were tested for their 
antimicrobial susceptibility using disk diffusion assay and 
results were interpreted in accordance with CLSI guidelines for 
Staphylococcus	 aureus [23]. All the antimicrobial disks 
(amoxicillin 50 µg + clavulanic acid 10 µg, ampicillin 10 µg, 
azithromycin 15 µg, cefepime 10 µg, cefotaxime 10 µg, cefoxitin 
30 µg,  chloramphenicol 25 µg,  cipro�loxacin 10 µg, 
cotrimoxazole 25 µg, erythromycin 15 µg, gentamicin 30 µg, 
imipenem 10 µg, linezolid 10 µg, meropenem 10 µg, 
nitrofurantoin 300 µg, tetracycline 30 µg, tigecycline 15 µg, and 
vancomycin 30 µg) were procured from BBL-Difco (USA). All 
tests were performed in triplicate for conformity on Mueller 
Hinton agar (BBL-Difco) plates. A methicillin-resistant and 
vancomycin-resistant (MRSA) strain (S.	aureus ATCC 43300), a 
methicillin-susceptible vancomycin-resistant strain (S.	 aureus 
ATCC 29312) and a methicillin-susceptible vancomycin-
susceptible strain (S.	aureus MTCC 449) were used as controls in 
the study. The methicillin resistance was determined using 
cefoxitin-disk-diffusion assay (CDD) method [24] as per CLSI 
[23]. Vancomycin, imipenem, meropenem susceptibility and 
extended-spectrum β-lactamase production was con�irmed and 
determined using respective E-tests (Biomerieux, India), and 
interpreted as per CLSI [23].
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Gram-positive bacteria including staphylococci and 
mammalicocci [27, 29]. In rare cases, coaggulase-egative 
staphylococci are repoted resistant to linezolid due to mutation 
in 23sRNA genes [29]. Similarly, tigecycline resistance has also 
been been reported a rare phenomenon in staphylococci and 
mammalicocci occurring due to mutation in MepA ef�lux pump 
[30]. Among Gram-positive bacteria carbapenem resistance 
vary in differenerta genera but rare in Micrococcaceae 
members, some of the staphylococci may be intrinsically 
resistant and others may acquire resistance through mutations 
in penicillin-binding proteins (PBPs) are often considered 
responsible for carbapenem resistance [31]. Chloramphenicol 
is comparatively older broad-spectrum antibiotic and 
resistance in some of the M. sciuri strains has been reported to 
be plasmid mediated cfr	gene [32].
In the present study multiple drug resistance detected in 59.7% 
of the strains is not surprising because Mammaliicoccus strains 
are reported to possess many resistance genes conferring 
resistance to several antibiotics [4, 11-13, 26, 27] including 
penicillin,  cefoxitin,  chloramphenicol,  cipro�loxacin, 
clindamycin, erythromycin, fusidic acid, gentamicin, kanamycin, 
l inezol id ,  mupirocin ,  r i fampic in ,  sul famethoxazol , 
streptomycin, quinupristin/dalfopristin, tetracycline, tiamulin, 
and trimethoprim in clinical strains and strains of food origin [2, 
8]. 
Resistance to β-lactam antibiotics was detected in 22 strains (14 
M.	lentus and 8 M.	sciuri) both from clinical (18) and non-clinical 
(4) samples and observations are in concurrence to earlier 
observations on mammaliicocci isolated from nasal swabs of 
cattle calves [7]. 
In the present study of the 67 Mammalicoccus strains 25 (16 M.	
lentus, 9 M.	 sciuri) strains were methicillin resistant (MR), in 
earlier studies birds are reported as reservoir of MR M.	sciuri	
seabirds [14, 15] and MR strains of M. �leurettii, M.	lentus	and M	
sciuri are reported common in nasal micro�lora in camels [16- 
19]. The MR has also been seen in M.	sciuri strains causing acne 
[9], however, in the present study none of the M.	sciuri isolates 
from human samples was MR type but two strains of M.	lentus 
showed resistance to methicillin. None of the 67 isolates of 
mammaliicocci had linezolid resistance but in an earlier study 
on cattle milk isolates showed that linezolid resistance may be 
there in mammaliicocci [8]. Reports of vancomycin resistance in 
mammaliicocci strains of clinical origin are rare but most of the 
strains of �ish origin are reported vancomycin resistance [26]. In 
the present study, several M.	lentus and M.	sciuri strains isolated 
from clinical samples were resistant to vancomycin, and the 
�inding is of public health concern.
The present study indicated that there was no signi�icant 
difference in antimicrobial resistance mammaliicocci belonging 
to two different species but irrespective of the species strains 
isolated from cattle were more often resistant to multiple drugs 
and cattle may be considered as source of MDR strains of 
mammaliicocci as uspected in earlier studies [27]. Further the 
strains of M.	sciuri and M.	lentus associated septicemic infections 
were signi�icantly (p, <0.05) more resistant many of the 
antimicrobials  including ajowan oil ,  holy basil  oi l , 
cinnamaldehyde, carvacrol, carbapenems, macrolides, 
cefalosporins, tetracycline, cipro�loxacin, and cefotaxime than 
those detected in pus swabs of abscesses and wounds. The 
observations indicated that careful consideration is needed in 
the institution of antimicrobial therapy to cure different types of 
infections by Mammalicoccus strains.
The most potent herbal antimicrobial, thyme oil, inhibited 

Though for most of the therapeutically used antibiotics no 
signi�icant (p, >0.05) difference was evident among strains of M.	
lentus and M.	sciuri, higher proportions of strains isolated from 
heart blood of animals died of septicemic infections were 
signi�icantly (p, <0.05) more resistant to ajowan oil, holy basil 
oil, cinnamaldehyde, carvacrol, carbapenems, macrolides, 
cefalosporins, tetracycline, cipro�loxacin and cefotaxime and 
were more often resistant to multiple antibiotics (p, <0.01) than 
those identi�ied as the cause of abscesses and wound infections.
More of the Mammalicoccus isolates from cattle were resistant 
(p, <0.05) to cinnamaldehyde, carvacrol, cinnamon oil, and 
macrolides (erythromycin/ azithromycin) than from buffaloes, 
humans, and dogs. However, they were more often (p, <0.05) 
susceptible to vancomycin than Mammalicoccus strains causing 
infection in cattle and horses. Multiple herbal drug resistance 
was also more common (p, <0.05) in Mammalicoccus strains 
causing infection in cattle than those associated with infections 
in buffaloes, dogs, and horses. However, ESBL production was 
more common (p, <0.02) in Mammalicoccus isolates infecting 
buffaloes than those infecting horses. Multiple drug resistance 
was also more (p, <0.03) common in Mammalicoccus isolates 
from cattle than those from buffaloes, horses and humans. 
However, those Mammalicoccus causing infection in dogs had no 
signi�icant difference in their MDR trait than those causing 
infections in other animals and humans but horses (p, <0.02).

Discussion
The present study revealed presence of Mammalicoccus species 
strains from healthy humans �inger nails and urine of 
apparently healthy humans, from buffen (Cara-beef), goat milk, 
air, �inger-print scanner surfaces, water, and plant leaves 
indicating environmental distribution and sustenance of 
Mammaliicoccus strains. Mammaliicoccus strains are reported 
earlier to thrive in commensalism in environment and on 
healthy animals and humans and also from milk and meats in 
different countries [2, 3] but rarely from India [26]. Isolation of 
M.	lentus from goat milk seems to be an important �inding as M.	
�leurettii,	M.	lentusand M.	sciuri	have been detected in cow milk 
in many countries [3, 7, 8, 27], and from fermented �ish in India 
[26], but there is hardly any report of their isolation from goat 
milk. Though Mammalicoccus strains are known to occasionally 
cause mastitis in cows, illness in goats, piglets, canine 
dermatitis, and acne in humans [4- 9] they are rarely reported to 
cause septicemia, abscesses and wounds, conjunctivitis, ear 
infections, metritis, prostatitis, upper respiratory tract and 
urinary tract infections earlier indicating the emerging 
importance of M.	lentus	and and M.	sciuri in India as human and 
animal pathogens. Mammalicoccus	 lentus and M.	 sciuri were 
isolated as cause of mastitis from 4 (cows) and 3 cases (2 
buffaloes and a cow), respectively. Mammalicoccus	lentus and M.	
sciuri are also reported producing staphylococcal toxins 
responsible for toxic-shock syndrome too [27]. Though M.	sciuri 
is known to cause mastitis in cows [5], M.	lentus has rarely been 
reported to cause mastitis and mastitis in buffaloes by any 
Mammalicoccus strain is still rarer. Mammalicoccus species 
strains may probably be of zoonoticand nosocomial infection 
importance [28], and needs further well planned studies to 
understand their true potential as pathogens. 
Of the 17 antibiotics tested, linezolid was the most effective 
antibiotic inhibiting all the isolates and four (chloramphenicol, 
imipenem, meropenem and tigecycline) more could inhibit 
more than 80% of the isolates. Observations are in concurrence 
to earlier observations on rarity of linezolid resistance among 
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94.03% of the Mammaliicoccus	followed by carvacrol (88.06%) 
and ajowan oil (85.07%). Rest of the herbal antimicrobial 
inhibited less than 80% of the Mammaliicoccus isolates, and the 
least effective was guggul oil which inhibited only 28.36% of the 
strains in the study indicating the presence of multiple herbal 
antimicrobial-resistant M.	sciuri and M.	lentus strains in India in 
animals, humans, birds and environment. Though in the last one 
decade emergence of herbal drug resistance has been reported 
in bacteria causing infections in animals and birds [33, 34], 
reports of herbal antimicrobial resistance in Mammaliicoccus 
strains are rare. 
The study concluded that Mammalicoccus strains should not 
always be considered as contaminants as they can cause a 
variety in infections in humans and animals and even death due 
to lethal septicemia. Further, the common occurrence of 
methicillin and vancomycin resistance, MDR and resistance to 
cefalosporins and fourth generation β-lactam antibiotics in M.	
lentus and M.	 sciuri	strains associated with clinical infections 

makes them the pathogen of concern. The study also indicated 
that herbal antimicrobials specially those having carvacrol as an 
active ingredients like thyme oil and ajaowan oil may be good 
alternatives to antibiotics against mammalicocci infections 
provided they can be administered safely.
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Tab.	1.	Sources	of	isolation	of	Mammaliicoccus	species	and	association	with	different	ailments	

Table.	2.	Herbal	antimicrobial	drug	susceptibility	of	Mammalicoccus	species	isolates	from	different	sources

AO,	Ajowan	oil;	C,	Carvacrol	;	Cnh,	Cinnamaldehyde;	CO,	Cinnamon	oil	;	Ct,	Citral	;	GO,	Guggul	oil;	HBO,	Holy	basil	oil	;	LGO,	Lemongrass	oil;	SO,	Sandalwood	oil;	TO,	Thyme	oil
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Table	3.	Antimicrobial	drug	resistance	in	different	Mammaliicoccus	species	strains	of	various	origins

AMC,	 Amoxicillin	 +	 clavulanic	 acid;	 A,	 Ampicillin;	 Az,	 Azithromycin;	 Cfm,	 Cefepime;	 Ctx,	 Cefotaxime;	 C,	 Chloramphenicol;	 Cf,	 Cipro�loxacin;	 Co,	 Cotrimoxazole;	 E,	
Erythromycin;	G,	Gentamicin;	I,	Imipenem;	L,	Linezolid;	M,	Meropenem;	Nft,	Nitrofurantoin;	T,	Tetracycline	;	Tg,	Tigecycline;	V,	Vancomycin

Table.	4.	Different	types	of	resistance	in	Mammaliicoccus	species	strains	of	various	origins

MHDR,	Multiple	herbal	drug-resistant;	ESBL,	Extended	 spectrum	β-lactamase	 production;	CR,	Carbapenem-resistant;	MaR,	Macrolide-resistant;	CFR,	Cefalosporin-
resistant;	MR,	Methicillin-resistant	by	cefoxitin	(30	µg)	disk	diffusion	assay	method;	MDR,	Multiple	antimicrobial	drug	resistant
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