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1. Introduction

Abstract

Streptococcal infections are rampant in humans and animals, and are becoming a big
problem for health workers to handle such infections to offer a cure due to the emergence
of antimicrobial resistance (AMR). This study aimed to understand the diversity among
streptococci in different disease conditions, host range, and their antimicrobial suscepti-
bility patterns. A total of 504 isolates of 26 species of streptococci isolated from referred
clinical (459) and non-clinical (44) samples during the period of 2018 to 2023 at the
Clinical Epidemiology laboratory of the Division of Epidemiology were subjected to
antimicrobial susceptibility testing using 39 conventionally used and 15 herbal antimi-
crobials by disc diffusion assays. The most common Streptococcus species isolates as-
sociated with clinical infections were S. pyogenes, S. anginosus, S. porcinus, S. dysga-
lactiae, S. pneumoniae, S. equi, S. agalactiae, S. bovis, S. uberis, and S. suis, contributing
to >63% of cases of the streptococcal infections. Clinical strains showed high levels of
MHDR, MDR, macrolide, and vancomycin resistance detected in 58.82%, 73.42%,
36.82%, and 43.51% of the strains, respectively. The maximum MHDR, MDR, macro-
lide, and vancomycin resistance was detected in strains associated with abortions and
dental infections, respectively, and it was the minimum in the isolates recovered from
otitis and conjunctivitis cases. The most effective herbal antimicrobials were thyme oil
and carvacrol, inhibiting >80% of streptococcal isolates tested in the study. The findings
of the study suggest an urgent need for the continuous monitoring of the antimicrobial
susceptibility of streptococci causing clinical infections for advising effective antimicro-
bial therapy.
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Streptococcal infections have shown a rising trend in the past few years [1] after the COVID-19 pandemic [2]. For detection
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of streptococcal infections, several rapid tests have been developed in the past [3, 4], but their utility became questionable
after the emergence of antimicrobial resistance. The commonly recommended antibiotics were often found ineffective in
controlling the streptococci infections due to the emergence of drug resistance, posing a great challenge to clinicians [5-
8]. Though the drug-resistance phenomena are common among different types of streptococci, the major emphasis is laid
on erythromycin-resistant Group A streptococci (GAS) responsible for respiratory tract infections, clindamycin-resistant
Group B streptococci (GBS) leading to invasive infections, and multidrug-resistant (against f-lactams, macrolides, and
fluoroquinolone antibiotics) S. pneumoniae because of upward trends of their infections noticed in the last decade [5, 9].
Owing to emerging and fast-spreading drug resistance among streptococci, they were included in the Bacterial Priority
Pathogens List (BPPL) of antibiotic-resistant bacteria by the WHO, which had also emphasized the need for continuous
monitoring and development of newer therapeutics against them [10].

Streptococci, especially GAS, are the major cause of sore throat (strep-throat), pharyngitis, follicular tonsillitis (acute
and chronic), peritonsillar abscesses, scarlet fever, rheumatic fever, impetigo, cellulitis, pneumonia, necrotizing fasciitis
(flesh-eating disease), Kawasaki disease, erysipelas, streptococcal toxic shock syndrome (STSS), PANDAS syn-
drome (paediatric autoimmune neuropsychiatric disorder associated with streptococcal infections) a subset of obsessive
disorders in children (ODC) or tic disorders in children (TDC) and certain forms of psoriasis (guttate) may also be related
to beta-haemolytic streptococcal infections and a long-standing strep-throat may be cause of lethal rheumatic heart disease
[1, 11, 12]. Streptococci belong to many species and are classified through Lancefield classification viz., Group B (S.
agalactiae), Group C (S. equi, S. equimilis, S. zooepidemicus), and G streptococci (S. canis, S. dysgalactiae), Group D (S.
equinus, S. bovis), and viridians group (S. mutans, S. salivarius, S. constellatus, S. intermedius, S. suis, S. iniae), Group
E (S milleri, S. mitis, S. mitior ), Group F (S. anginosus), Group G (S. canis), Group H (S. sanguis), group R, S (S.
solitaries), and many are not classified and are designated as non-Lancefield group streptococci viz., S. pneumoniae (major
cause of respiratory tract infections, pneumonia, meningitis, bacteremia, and otitis media) have also been identified as an
important cause of several severe infections in human and animals [13, 14]. However, in animals, S. pneumoniae is non-
invasive in immunocompetent animals, but animals have been used as models to study its pathogenesis and drug develop-
ment [15, 16]. However, several pneumococcal strains causing invasive pneumococcal disease (IPD) are reported from
companion animals [17].

Considering the importance of emerging drug-resistant streptococci and opportunistic streptococci, this study investi-
gates the diversity of Streptococcus species in different hosts and their associated antimicrobial resistance profiles to in-
form treatment strategies.

2. Materials and Methods

Bacterial strains: Streptococci isolated from referred clinical (459) and non-clinical (44) samples from 2018 to 2023 at
the Clinical Epidemiology laboratory of the Division of Epidemiology, ICAR-Indian Veterinary Research Institute,
Izatnagar-243 122, India. The isolates in the repository were revived from the glycerol stocks and checked for purity on
5% sheep blood agar (Difco-BBL, USA) and identity was confirmed using key biochemical characteristics [18, 19]. In
cases of non-confirmed identity using conventional methods, the matrix-assisted laser desorption ionization-time of flight
(MALDI-TOF) mass spectrometry (MS) using Bacterial Identification System (Broker Daltonics, Germany) was also used
as an adjunct method. All revived isolates along with reference strain (S. equi ssp. equi MTCC 3522, susceptible to all
antibiotics) obtained from the Zoonotic Disease Laboratory of the Institute were maintained on brain heart infusion agar
(Difco-BBL, USA) till tested for their antimicrobial susceptibility.

Antimicrobial susceptibility testing (AST): All strains were tested for their susceptibility using disc diffusion assay as
per CLSI guidelines [20] including the antibiotics recommended for group A (ampicillin, oxacillin, clindamycin, erythro-
mycin, cotrimoxazole), group B (cefepime, cefotaxime, ceftriaxone, doxycycline, ofloxacin, meropenem, tetracycline,
vancomycin), group C (amoxicillin, amoxicillin + clavulanic acid, chloramphenicol, Ertapenem, imipenem, linezolid) and
few more including amoxicillin+sulbactam, azithromycin, aztreonam, cefixime, cefotaxime+ clavulanic acid, cefoxitin,
cefpodoxime, ceftazidime, ceftazidime+clavulanic acid, cephoperazone+tsulbactam, gentamicin, lincomycin, minocycline,
moxalactam, nitrofurantoin, piperacillin, piperacillin + tazobactam, spectinomycin, and tigecycline. All antimicrobial discs
were procured from Difco-BBL (USA). For conducting AST, plates of Muller Hinton agar (MHA, Difco) with 5% sheep
blood were used. Inoculums were made by suspending overnight grown Streptococcus colonies in sterile normal saline
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solution equivalent to a 0.5 McFarland standard. Plates were swab inoculated and test discs of antimicrobials were placed
2 cm apart, incubated at 35°C £ 2°C, and the zone of inhibition was measured in mm. For quality control, S. equi ssp. equi
(MTCC 3522, susceptible to all antibiotics) was used.

2.1 Herbal antimicrobial susceptibility testing

Streptococcal strains were tested through disc diffusion assay on a 5% blood agar medium in a way similar to the antimi-
crobial described above. Herbal-antimicrobial discs were made loading 1 mg of test herbal preparations including >99%
pure carvacrol, citral, cinnamaldehyde, cinnamon (Cinnamomum verum) oil, lemongrass (Cymbopogon citratus) oil from
Sigma Aldrich, USA; agarwood (Aquilaria malaccensis) oil, ajowan (Tachyspermum ammi) oil, betel (Piper betel) leaf
oil, holy basil (Ocimum sanctum) oil, marjoram (Origanum majorana) essential oil, patchouli (Pogostemon cablin) essen-
tial oil, Rosewood (Dalbergia sissoo) oil, Sandalwood (Santalum album) oil, and thyme (Thymus vulgaris) oil from Na-
galand Fragrance Pvt. Ltd (Dimapur, India) and guggul (Commiphora wightii) oil (ICAR-National Institute of Secondary
Agriculture, Namkum, Ranchi, India). Any measurable zone of growth inhibition around herbal discs was considered a
susceptibility of the bacterium [21]. Multiple antimicrobial resistance (MDR) was defined as resistance to >3 antimicrobial
classes of antimicrobials, and multiple herbal drug resistance (MHDR) was defined as resistance to >3 herbal antimicro-
bials. Streptococcus equi ssp. equi (MTCC 3522) strain was used as a control.

2.2 Statistical analysis

The data of all strains about their species, Lancefield group, origin, and antimicrobial susceptibility were analyzed using
Microsoft Excel to determine the relationship of different attributes of streptococcal strains with their resistance to different
antimicrobials. To determine the relationship, the Odds ratio, the Chi-square () test, and Pearson correlations were cal-
culated using Microsoft Excel® 2010.

3. Results

A total of 26 species of streptococci were associated with nine diverse groups of clinical conditions, ranging from mild
sore throat to septicemic deaths. A total of 459 strains belonging to 26 species (Table 1) were found associated with
abortions, bacteraemia may or may not be leading to septicemic deaths, conjunctivitis, dental infection, otitis (media and
externa), gastrointestinal infections (GITI), genital tract infections, mastitis, respiratory tract infections (RTI), skin infec-
tions, and urinary tract infections (UTI). The most commonly associated species of streptococci with abortions, bacterae-
mia/ septicaemia, GITI, genital tract infections, mastitis, RTIs, skin infections, and UTIs were S. pyogenes (47.73 %), S.
anginosus + S. pyogeneses (37.37 +22.22 =59.59%), S. anginosus (44.44%), S. anginosus + S. pyogenes (33.33 +
55.56 = 88.89%), S. dysgalactiae ssp. equisimilis + S. pyogenes (16.95 + 20.34 = 37.29%), S. pneumoniae + S. py-
ogenes (16.22 +28.38 =44.60%), S. anginosus + S. pyogenes (15.38 +48.72 = 64.10%) and S. anginosus + S. py-
ogenes (34.04 +19.15=153.19% ), respectively. Of the 459 isolates of streptococci associated with different ailments, the
majority (52.46%) was constituted by strains of only three species, namely S. pyogenes (25.50%), S. anginosus (21.68%),
and S. pneumoniae (5.28%).

Table 1. Streptococci in the study, their source, associated ailments, multiple herbal drug resistance (MHDR), multiple antimicrobial
drug resistance (MDR), and resistance to macrolides (erythromycin/azithromycin) and vancomycin

Resistance to Resistance to

Ailments Affected hosts Streptococcus spp. MHDR  MDR . .
macrolides vancomycin
S. agalactieae 1, S. bovis 2, S.
defactivus 2, S. dysgalactiae ssp.
dysgalactiae 1, S. dysgalactiae
. Buffaloes 3, cattle 38, ssp. equisimilis 1, S. iniae 4, S.
Abortions (44) bitch 1, goats 2 milleri (anginosus) 4, S. pneu- 84.09 36.82 2273 3171

moniae 4, S. porcinus 1, S. py-
ogenes 21, S. sanguinis 2, S.
uberis 1)
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Table 1 Continued

Bacteraemia/
septicaemia
death (99)

Eye infections/
conjunctivitis

2

Dental infection

3)

Ear infec-
tions/otorrhoea

®)

Gastrointestinal
tract infections

(18)

Genital tract in-
fections includ-
ing metritis, en-
dometritis, cer-
vicitis (27)

Mastitis (59)

Respiratory
tract infection
(74

Skin infections
(78)

Buffalo 1, cattle 6, crow
1, deer 9, dogs 6, falcon
1, guinea pigs 3, hawks
2, horses 3, humans 3,
hyena 2, leopard 1, li-
ons 5, lorikeets 2, pea-
cocks 3, pigs 15, pi-
geons 4, poultry birds
22, rhinos 2, tigers 8)

Horses 2

Humans 3

Dogs 7, elephant 1

Cattle 5, dogs 3, horses
3, humans 3, pigs 4

Cattle 1, Bitches 25,
mithun-cow 1

Buffaloes 15, cows 43,
woman 1

Buffaloes 1, dogs 6,
goats 3, horses 19, hu-
mans 41, pigs 4

Buffalo 4, cattle 4, dogs
24, elephants 7, goats 2,
horses 22, humans 4,
mules 4, pigs 7

S. agalactieae 1, S. bovis 5, S. ca-
nis 1, S. dysgalactiae ssp. equisi-
milis 6, S. iniae 1, S. macacae 1,
S. milleri (anginosus) 37, S.
pneumoniae 8, S. porcinus 15, S.
pyogenes 22, S. rattus 1, S. uberis

1)

Streptococcus equi Ssp. zooepi-
demicus 2

S. milleri (anginosus) 3

S. equi ssp. equi 1, S. equi ssp.
zooepidemicus 3, S. phacae 1, S.
porcinus 1, S. pyogenes 2

S. dysgalactiae ssp. equisimilis 1,
S. iniae 2, S. milleri (anginosus)
8, S. phocae 1, S. pneumoniae 1,
S. porcinus 1, S. salivaris 1, S.
sanguinis 3

S. dysgalactiae ssp. dysgalactiae
1, S. equinus 1, S. milleri 9, S.
porcinus 1, S. pyogenes 15

S. agalactiae 5, S. bovis 3, S. dys-
galactiae ssp. dysgalactiae 5, S.
dysgalactiae ssp. equisimilis 10,
S. intestinalis 5, S. milleri (angi-
nosus) 10, S. (Gemella) mor-
bilorum 1, S. phocae 1, S. pneu-
moniae 2, S. pyogenes 12, S. san-
guinis 1, S. uberis 4

S. agalactiae 1, S. anginosus 4, S.
dysgalactiae ssp. equisimilis 3, S.
equi ssp. equi 2, S. equi ssp.
zooepidemicus 5, S. milleri (angi-
nosus) 15, S. mitior 2, S. pneu-
moniae 12, S. porcinus 2, S. py-
ogenes 21, S. salivaris 1, S. san-
guinis 1, S. suis 5

S. agalactiae 5, S. anginosus 1, S.
canis 1, S. dysgalactiae ssp. equi-
similis 8, S. equi ssp. equi 1, S.
equi ssp. zooepidemicus 4, S. mil-
leri (anginosus) 12, S. pneu-
moniae 2, S. porcinus 5, S. py-
ogenes 38, S. suis 1

71.00

50.00

66.67

25.00

55.56

60.71

45.76.

45.95

51.28

79.00

50.00

100.0

62.50

83.33

75.00

76.27

72.97

67.95

42.00

0.00

100.00

25.00

50.00

32.14

23.731

40.54

37.18

42.67

0.00

66.67

14.29

43.75

56.00

44.00

51.67

42.59
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Table 1 Continued

S. adjascens 1, S. agalactiae 3, S.
alactolyticus 3, S. canis 2, S. dys-

Buifalo 1, cattle 1, dogs galactiae ssp. equisimilis 5, S.

Urinary tract in-
Ty 11, horses 5, humans

65.96 78.72 46.81 42.50

fections (47 . equi Ssp. zooepidemicus 3, S. mil-
) 23, lions 5, mule 2 eri (aiginosft)s) 16, S. mitis 1, S.
porcinus 4, S. pyogenes 9
Buffalo 25, cattle 97,
crow 1, deer 9, dogs 83,
elephants 8, falcon 1,
goats 7, guinea pigs 3,
All clinical hawks 2, horses 54, hu- . .
(459) mans 78, hyena 2, leop- 26 species of streptococci 58.82 73.42 36.82 43.512

ard 1, lions 10, lorikkets
2, mithun 1, mules 5,
peacocks 3, pigs 30, pi-
geons 4, poultry 22, rhi-
nos 2, tigers 8

Clinical strains had MHDR, MDR, macrolide (erythromycin/ azithromycin) resistance, and vancomycin resistance in
58.82%, 73.42%, 36.82%, and 43.51% of the strains. However, maximum MHDR, MDR, macrolide, and vancomycin
resistance was detected in strains associated with abortions and dental infections (Table 1). It was evident that the higher
the MDR value, the lower the number of isolates (Figure 1). The minimum levels of MDR, macrolide resistance, and
vancomycin resistance were evident in strains associated with otitis (25%), conjunctivitis (50%), and conjunctivitis (0%),
respectively.

100 -
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2 80 -

©

£ 70 -
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& 60 -
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330
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0 3
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Number of antimicrobials resisted

Figure 1. Trends of multiple herbal drug resistance (MHDR) and multiple antimicrobial drug resistance (MDR) among streptococci
isolated from clinical and environmental samples from Bareilly region, India.

Among streptococci belonging to different Lancefield groups, group A (S. pyogenes) and group E, F (S. anginosus and
S. mitis) dominated in clinical samples and were associated with eight and nine types of infections, respectively followed
by group C, group G, H, group D and group B streptococci associated with 9, 8, 6, and 6 types of infection groups (Table
2). Other Lancefield non-classified strains belonging to 11 species were detected in association with all nine kinds of
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infections. Though Streptococcus pneumoniae was more commonly associated with respiratory tract infections, it was also
detected in the blood of bacteraemia cases, faeces of GITI cases, milk of mastitic animals, and pus swabs of skin infection
cases (Table 2).

Table 2. Antimicrobial drug susceptibility of streptococci of different Lancefield groups (if the number of antimicrobials with the
same efficacy is more than two, names of all effective antimicrobials are given)

All
Strept.o- Group A Group B Group C Group D Group E- Group G-H Non-Lance- Other strep- strep-
cocci strepto- Strepto- . . F strepto- . . to-
. . . Streptococci  Streptococci . streptococci  field group tococci .
and their coccl coccl (n=56) (n=19) coccl (n=23) streptococe (n=66) coccl
traits (n=141) (n=16) (n=154) P (N=50
4)
S. dysgalac-
th? sslp 633_ S. angino-  S. canis 4, S.
S. py- S. aga- uisim fs > S bovis 11,  sus (S. mil-  dysgalactiae 26
. > S. equi ssp. . ) S. pneu- .
Species ogenes14 lactiae 5 g S. equinus 1,  leri) 149, ssp. dysga- ae 29 11 species spe-
1 16 eeq’Z’l_ o S.suis7 S mitis(S. lactiae7,S. "M% cies
qut SSP- mitor) 5 sanguinus 7
zooepidemi-
cus 17
Abortions
4, bacte-
raemia 37,
dental in-
fections 3,
GITI 8,
Abor- gen_ltal 8, Abortions
. tract infec-
tions 21, . 8, bacterae-
tions 9, .
bacterae- .. mia 19, ear
. mastitis . .
mia 22, infections 2,
ear infec Abortions 1 10, RTI GITI 5, gen
FIEC Abortion 1015 L Abortion2,  21,Skin  Abortion 3, T2 8ET 455
tion 2, bacteraemia . . . . . ital tract in- .-
enital 1, bapte- 6, conjuncti- bactergemla infections  bacteraemia  Abortions fl, fection 1 clini-
. genit raemia 1, . s 5, mastitis 3, 13, UTI 1, GITI 3, bacteraemia . ) cal, 44
Ailments tract in- .. vitis 2, otitis . i mastitis 6,
. . mastitis skin wounds 17, healthy mastitis 6, 8, GITI 1, . non-
associ- fection 4, GITI 1, .. .. RTI 3, skin .
5,RTI 1, .. 2, pneumo- buffalo metritis 1, mastitis 2, . . clini-
ated 15, mas- .. mastitis 10, . . . ] infections 5,
D skin in- . nia 3, sore milk 9, RTI 1, skin  RTI 12, skin cal, 5
titis 12, . RTI 10, skin . ; . . UTI 8,
fections . ; throat 2, healthy el-  infection 1, infections 2 refer-
RTI 21, infections . healthy hu-
o 5,UTI3 cow milk 1 ephant UTI2 . ences
skin in- 13, UTI 8 man urine 7,
. faces 1,
fections human fin- faeces of
38, UTI healthy pig
ger swab .
9, HB and lion one
1, healthy
leaves 1 each
human
urine 10,
BAS scan-
ner 7, HB
leaves 3,
pond water
1
Two best
Herbal vaccarrél Vgcarrc;l RWO, Car- AO, Car- Carvacrol, A\g;rco?r_ Carvacrol, Carvacrol, VS?;;I
antn.nl- CNH AO., CO vacrol vacrol, CNH TO RWO TO TO . TO
crobials
Two best
conven- AS, Ert, AS
tional Imp, Nf Imp, Pi, AS, Imp Do, Min, Of AS, Imp AS, Imp AS, Imp AS, Imp Im’
antimi- PiT P
crobials
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Table 2 Continued

62.07
89.66

69.70
81.82

60.32
73.41

57.89
84.21

66.88
79.22

60.87
82.61

59.57
58.87

25.00
75.00

42.86
67.86

MHDR
MDR

Notes: GITI, gastrointestinal tract infections, RTI, respiratory tract infections, UTI, urinary tract infection; HB, holy basil; AO, ajowan oil; CNH, cinnamaldehyde;
CO, cinnamon oil; TO, thyme oil; AS, amoxicillin + sulbactam; Do, doxycycline; Ert, ertapenem; Imp, imipenem; Min, minocycline; Nf, nitrofurantoin; Of,
ofloxacin; Pi, piperacillin; PiT, piperacillin + tazobactam; MDR, multiple antibiotic drug-resistant; MHDR, multiple herbal antimicrobial-resistant; Penicillin
group included oxacillin, ampicillin, amoxicillin + sulbactam, amoxicillin, amoxicillin + clavulanic acid, piperacillin, and piperacillin + tazobactam; Tetracycline
group included tetracycline, doxycycline, minocycline, and tigecycline; Carbapenem group included Ertapenem, imipenem and meropenem.

Comparative susceptibility of streptococci associated with different ailments (Table 3) revealed that streptococci from
samples from bacteraemia/ septicaemia, GITI, GTI, and UTI cases were significantly (p <0.05) more often resistant to
most of the antimicrobials than streptococci from abortion, mastitis, and RTI cases. However, streptococci from abortion
cases were more often resistant to LGO and citral than streptococci associated with other ailments.

Table 3. Comparative antimicrobial susceptibility of streptococci isolated from clinical samples from various disease cases. (Only
those species strains were compared where number of strains was >6)

Streptococci Significantly (p <0.05) more often resistant than isolates of streptococci associated with
isolated from Bacterae-  Gastrointes- . . . Urinary
samples from Abortions mia/ septi- tinal tract G.emtal. tract Mastitis Resplratoq Skn.l - tract in-
cases of caemia infections infections tract infection fections fections
LGO,  LGO,Cit- Moo T LGoCiml  qis LGO,
Abortions 0 > ’ LGO, MHDR ’ SWO, AWO, i SWO,
SWO ral, MHDR AWO, PO, GO. MLDR GO, MHDR
GO, MHDR ? MHDR
AO, HBO,
CHN, Car-  HBO, CHN,
Iéaor;l:gg’ vacrol, LQO, TO, AO, HBO,
MDR Ox’ LQO, TO, Citral, CO, SWO, PO,
Amx A’C I,’i Citral, CO, BLO, GO, GO,
PG 11 Te; G’ SWO, PO, RWO, Mo, RWO,
. Con Of CT7. Cot, CTZ-C, ~ BLO,GO, ~MHDR,Amx, ~MHDR, ’
Bacteraemia/ CT’Z_C’ Cfx ’ 0 Citral Cfx, CTX, MHDR, Ox, T, Do, Tig, PG, Nf, Tig,
septicaemia CTX C:FX- C’ CTX-C,CFX, A, AC,PG, Tet, G, CTZ, Cot, CTX, CTR
CTR. Cfd Cp’ Mox, MP, Ert  Nf, CTX, Cfx, CTX, CTX-C,
CP7 Mon. CTX-C, CTX-C,CTR, CTR,Cfd,
Mp é ot Cli CTR,Cfd, Cfd,CFX,Cp, Cp,CFL,
A E Maore CFX, Cp, Mox, CFL, Mp, Ert,
C d’ L’in Azt ’ Mox, Mp, Mp, Ert, CR, Azt
» AT, ALl Ert, CR, E, Lin, Azt
Macro, Lin
AO, HBO, AO, HBO,
MDR, Ox, BLO, Ox,
Amx, AC, Pi, A, AmS, BIE](S;O’OIOA HBO, Ox,
PiT, PG, T, AC,PLPIT, gt h A, Ams,
Gastrointesti- Tet, G, Of, Oxa, A, Ox, Of, CTZ- PG, T, Min, Pi, PiT, T, Pi, PiT, T,
nal tract infec-  Ca2v CTXC oy 0 C,Cfd Mox,  LebOL  yh et of,  LebOb Ox,
. CTR, Cfd, Cp, > ’ i ’ CTR, Cfd, o CTR, Cfd, CTR
tions Imp Mp, Cd CTX, CTR,
Mox, Mox, Mp, Mox, Mp,
Cfd, Cp, Mox,
Mp,Imp, Ert, Imp, Ert, Mp. Imp, CR Imp, CR,
CR, Az, E, CR, Az E, Eea E, Cd
Macro, Cd, Macro, Cd, ’
Lin, Azt Lin
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Table 3 Continued

Genital tract
infections

Mastitis

Respiratory
tract infection

Skin infec-
tions

Urinary tract
infections

AO, AmS,
Amx, Pi, T,
Tet, Cp, CPZ,
Imp, CR, Az,
V, Azt, Spt

MDR, CTX,
Azt

AO, PG, Az,
Macro, V

Ox, AC, G,
Of, CTZ-C,
Cfx, CTX,
CPZ, CR, Az,
E

AO, MDR,
Ox, Amx, AC,
Pi, PiT, PG,
T, Do, Tet, G,
Cot, Of, Cfx,
CTX, CTX-C,
Cfd, CFX, Cp,
Mox, Mp,
Imp, Ert, CR,
Az, E, Macro,
Cd, Lin, Azt

Of, Az

CTZ-C

CTZ-C, Cfx

G, Cot, Of,
CTZ-C, Cfx,
CTX-C, Mp,

Ert, Az

HBO, Cit-
ral, Am-S,
Imp, CR

0

SWO, PO,
Ox

HBO, CNH,
Carvacrol,
LGO, Citral,
BLO, Ox,
AC, Cfx

AO, HBO,
CNH, Car-
vacrol,
LGO, Citral,
SWO, BLO,
GO,
MHDR, Ox,
A, Am-S,
AC, Pi, PiT,
T, G, Of,
Cfd, Cfx,
Mp, Ipm,
Ert, CR, Az,
E, Macro,
Lin

HBO, To, Cit-
ral, Am-S,
Amx, Tet, Cp,
Imp

RWO, Tig,
CTX, Cp, Azt

0

HBO, To, Cit-
ral, BLO, Am-
S, MO, Cfx,
CTX

CNH, TO,
Citral, BLO.
GO, RWO,
MO, MHDR,
Am-S, T, Do,
G, Cot, Of,
CTZ, Cfx,
CTX, CTX-C,
Cfd, Cp, Mox,
Mp, Imp, Ert,
CR, Az, Lin,
Azt

AmS 0
Azt Tig, Lz
0 0
0 Tig, Lz
GO,
RWO,
Am-S, T,
Cot, Of, 0
Cfd, Mp,
Imp, Ert,
CR, Az

Notes: AO, ajowan oil; AWO, agar wood oil; BLO, betel leaf oil; CNH, cinnamaldehyde; Co, cinnamon oil; GO, guggul oil; HBO, holy basil oil; LGO,
lemongrass oil; RWO, rose wood oil; SWO, sandal wood oil; To, thyme oil; AC, amoxicillin + clavulanic acid; Amx, amoxicillin; AS, amoxicillin + sulbactam;
A, ampicillin; Az, azithromycin; Azt, aztreonam; CR, carbapenem resistance; Cp, cefepime; Cfx, cefixime; CTX, cefotaxime; CTX-C, cefotaxime+ clavulanic
acid; Cx, cefoxitin; Cfd, cefpodoxime; CTZ, Ceftazidime; CTZ-C, ceftazidime + clavulanic acid; CTR, ceftriaxone; CFL, cephalosporin group; CPZ-S,
cephoperazone + sulbactam; C, chloramphenicol; Cd, clindamycin; Cot, cotrimoxazole; Do, doxycycline; Ert, Ertapenem; E, erythromycin; G, gentamicin; Imp,
imipenem; Lin, lincomycin; Lx, linezolid; Macro, macroloides; Mp, meropenem; Min, minocycline; Mox, moxalactam; Nft, nitrofurantoin; Of, ofloxacin; Ox,
oxacillin; PG, penicillin group; Pi, piperacillin; PiT, piperacillin + tazobactam; Spt, spectinomycin; T, tetracycline; Tet, tetracycline group ; Tig, tigecycline; V,
vancomycin; MDR, multiple antibiotic drug-resistant; MHDR, multiple herbal antimicrobial drug-resistant.

Comparative antimicrobial susceptibility analysis of isolates of streptococci belonging to different species of strepto-
cocci (Table 4) revealed that isolates belonging to S. agalactiae, S. dysgalactiae, S. equi and S. uberis isolates were signif-
icantly (p, <0.05) less often resistant to most of the antimicrobials than isolates belonging to other species especially S.
anginosus, S, pneumoniae and S. porcinus.

Table 4. Comparative antimicrobial susceptibility of streptococci belonging to different species (only those species strains were com-
pared where number of strains was >6)

Significantly (p, <0.05) more resistant than streptococci belonging to

S.

) S.
S. dysga
Strepto- ) ]
P dysga- -lac- equt S. mil- S. S.
coccus S. S. X . ssp. S. X . S.
. lactiae tiae ; leri (S.  pneu- . S. py- san- S. .
species agala- bo- zooep  in- . . porci- . . uberi
. ; SSp. SSp. ) . angino-  moni ogenes gui-  suis
ctiae VIS ) i- iae nus .
dysga- equi- . sus) ae nis
i . demi-
lactiae Si-
- cus
milis
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Table 4 Continued
MHD
Car, PiT, R,
$. agalac- 0 0 AzE 0 Car, N pipgig 0 0 Tig NF, 0  Tig, SWO
tiae Lin Lin , Lin
of Of,
Lin
AO,
BLO, HBO,  HBO, .o
MO, AWO, TO, A > GO GO, A, GO,
AmS, GO, AWO Am,x Co t’ AWO, Amx, PG, MHD SWO
S. bovis NF, 0 MHDR, , GO, Cot > M ’ GO, Ert GO Tig, Cot, Ert R, , GO,
CFX, Amx,  RWO, 0 Ef{ Cot, Ert Cp, CFL, Amx,  Ert
Mox, PG, Cot, MHD EIE[” Ert Cot
CFL, Ert R, Ert
Imp, Ert
S. dysga-
lactiae 0 0 0 0 0 NF 0 0 0 G, Nf 0  Min 0
ssp. dysga-
lactiae
A, Amx, Cit-
S'la‘iy;fg' MDR, iT 0x, A, PG, Tet, Ame. b
S, edui- AC, C Amx, 0 Amx, 0 0 0 0 G, Cot, 0 Do ’ CO,
P .;1. fmp, Ert PG Imp Of, CTX- MH
similis C, Imp, V DR
PO
S. equi ) AWO,
ssp. zooep- l\éll?llj ? CZP PO, PO 0 Il;?’ C”Il)“(Z): C 0 0 0 PO 0 0
idemicus ’ CPZ P
Mp
LGO,
.. MDR, AWO,
S. iniae AC. A% Oxa, Cd 0 \% 0 0 0 0 V. Cd \% 0 Cd
CFL, V
AO, AO, HBO,
CNH, HBO, LGO, MDR b
LGO,Cit LGO,Cit ’ 2% AO,
T Amx, AC, .
ral, ral, Co, 0.Cit RWO PG. Ti Cit-
BLO, CO, GO, L. Ao, G’Nfg’ al, o
S. milleri MO, CT MHDR, Co’ MDR  Cit- CO’t O’f RWO CNIjI
(S. angino- MDR, X- Ox, BLé , Ox, ral, 0 Ox 0 C C’TX, AO , MO,
sus) AMX, C, AMX, * CTX, CF Dl MHD .
X GO, CTX-C, SWO
AC,Pi, V  PG,Ert, Ert, X R,
RWO, . CTR,
G, Cot, Az, E, Lin Do,
MHD CFX, Cp, .
CTX-C, Macro, Min
CFL Lin R, Nf, Mox,
M E’ " Cfx, CFL, Ert,
P Cp, CR,
Lin Macro, V
CNH, GO,
CNH MDR
). AWO,  AO, ’
LGO,Cit cT GO. CNH, MDR AOQ, AC, NF,
ral, MO, NF, Cot, Of,
X- Amx, LGO, s AQO,
S. pneu- MDR, CT CTX-C, . AO,
. C, CPZ, CO, Amx, 0 0 0 AO  Min,
moniae AC, G, R, CTR, CNH
CP Az, GO, Of, of
Cot, CF CFX,
V4 Macro, NF, CTR
CFX, Lin CFL X CFL,
CFL, Ert Macro,
Azt
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Table 4 Continued
HBO, HBO, (o CNH, A0
CNH, LGO, LGO’ CO, MDR, Ox, Cit:
LGO,Cit Citral, T > MHD AO Amx, PG, ral
ral, PO, CO, CO, . R, . Tig, Tet, ?
BLO, Ox, SWO, O’Cllt_ MDR S;lt_ S\OVO’ G, Nf, SWO
MO, T, PO, g‘ ©,0x, 0 POT, T"’ Cot, Of, o wip A0
S.porci- MDR, CT MHDR, % Amx, ; Tet, ’ C, CTX, ’ SWO
SWO, CT Tet, 0 CF R, T,
nus Ox, AC, X- Ox, PO T, X CTZ, C CTX-C, X Do R
Min, C, Amx, MHi) CTX, Cl:" Azt CTS( CTR, Mir; CTZ
Tet,G, V, PG,Cp, Cfd, ’ CFX, Cp, ’
R X, Cfd Tet,
Cot, Azt E, C fz.i CFX, Sot Mox, of
CFX, Macro, — ~&° E, p CFL, Ert, ofi
Cfd, Cd, Lin, CX’ Lin V, Cd, Azt
CFL, Azt CFI}: Azt z
Ert, Azt L
Lin
LGO,
Citral, LGO,
PO, CO, Cit-
S. py- MO, AWO, PO, . ral,
ogenes MDR, 0 Lin RWO, Lin 0 PO 0 0 0 0 Do, SWO
G, Cfx, MHD Min
CFL, R, Lin
Mp
AWO, MDR
MDR, A,
GO, MDR,
A, Amx, Amx, Amx,
s . PG Amx, CO, T Cot Amx, Tet, Do
- sangui- > E  Cot,Of, CFL, ’ © Cot,Of 0 0 Cot, Of, 0 ©of
nis Cot, Cot, Mp Cot,
CFL Az E, E Of. Mox, of
M ’ Macro, I > CFL,E
p Cd, Lin mp,
E
MDR, Car, Car. Ext Ert,
S. suis Pi, CFL, \Y Ox, Ert Car Imp, Ert 0 0 0 {/ ? Mac 0 0
Ert, V Ert ro
Citral, Citral, . Cit-
S. uberis Il\i/[ %I; €T AWO, €O, Sélt 0 0 0 0 Cit- ral,
' ¢ > X-C MHDR, MHD ? ral MHD
CFL, Ert Spt
Macro R R

Notes: AO, ajowan oil; AWO, agar wood oil; BLO, betel leaf oil; Car, carvacrol; CNH, cinnamaldehyde; Co, cinnamon oil; GO, guggul oil; HBO, holy basil
oil; LGO, lemongrass oil; RWO, rose wood oil; SWO, sandal wood oil; To, thyme oil; AC, amoxicillin + clavulanic acid; Amx, amoxicillin; AS, amoxicillin +
sulbactam; A, ampicillin; Az, azithromycin; Azt, aztreonam; CR, carbapenem resistance; Cp, cefepime; Cfx, cefixime; CTX, cefotaxime; CTX-C, cefotaxime+
clavulanic acid; Cx, cefoxitin; Cfd, cefpodoxime; CTZ, Ceftazidime; CTZ-C, ceftazidime + clavulanic acid; CTR, ceftriaxone; CFL, cephalosporin group; CPZ-
S, cephoperazone + sulbactam; C, chloramphenicol; Cd, clindamycin; Cot, cotrimoxazole; Do, doxycycline; Ert, Ertapenem; E, erythromycin; G, gentamicin;
Imp, imipenem; Lin, lincomycin; Lx, linezolid; Macro, macroloides; Mp, meropenem; Min, minocycline; Mox, moxalactam; Nft, nitrofurantoin; Of, ofloxacin;
Ox, oxacillin; PG, penicillin group; Pi, piperacillin; PiT, piperacillin + tazobactam; Spt, spectinomycin; T, tetracycline; Tet, tetracycline group ; Tig, tigecycline;
V, vancomycin; MDR, multiple antibiotic drug-resistant; MHDR, multiple herbal antimicrobial drug-resistant.

On comparing the antimicrobial susceptibility of clinical and non-clinical streptococci (Table 5), it was evident that non-
clinical strains were more often resistant to penicillins and vancomycin, but to a lesser extent to macrolides and vancomycin
than streptococci from clinical samples, and had higher levels of MDR and MHDR. However, clinical strains were signif-
icantly more resistant to tetracycline (p <0.05), and less often (p <0.05) to AO, HBO, CNH, carvacrol, LGO, LGO, TO,
CO, SWO, BLO, GO, Ox, Pi, Nf, CTX, CFX, Cp, Mox, Lz, Cd, and lincomycin than those isolated from non-clinical
samples (Tables 6, 7).
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Table 5. Source of Streptococci and their resistance (expressed in % of resistant isolates) pattern

Resistance to

Source of isolates n MHDR MDR Macro- Vanco- Peni- Tetra-

loides mycin cillins  cyclines
Clinical 459 58.82 73.42 36.82 43.51 49.67 57.08
Non-clinical 44 77.27 75.00 34.09 50.00 54.55 38.64
References (S. equi ssp. equi 1) 1 100.00 0.00 0.00 0.00 0.00 0.00
Human-clinical 78 57.59 80.77 47.44 50.82 46.15 65.38
Human-non-clinical 17 58.82 52.94 29.41 17.65 23.53 52.94
Domestic animals clinical 130 60.77 68.46 26.92 44.14 39.23 51.54
Domestic animals non-clinical 10 80.00 80.00 50.00 87.50 80.00 10.00
Dogs (all were clinical isolates) 83 57.83 73.49 39.76 34.85 51.81 57.83
Wild and zoo animals 41 65.85 87.80 46.34 54.29 53.66 78.05
Non-domestic birds 13 69.23 69.23 38.46 50.00 53.85 69.23
Horses (54) and mules (5) 59 38.98 55.93 25.42 42.55 45.76 37.29
Pigs 31 67.74 80.65 32.26 28.57 74.19 48.39
Poultry birds (died of septicaemia) 22 72.76 82.36 68.18 66.67 86.36 72.73
Carnivores 108 59.26 77.78 42.59 38.10 54.63 64.81
Herbivores 221 56.56 67.42 28.05 46.24 42.99 47.96
Omnivores 158 62.66 77.22 45.57 42.86 55.06 61.39
All (459 clinical, 44 non-clinical, 1 reference) 504 60.32 73.41 36.51 44.01 50.00 55.36

Table 6. Herbal antimicrobial resistance in streptococci isolates of clinical and non-clinical origin

Human clinical strains, n = 78 Animal Clinical strains, n = 381 Non-clinical strains, n = 44
Antimicrobials % Res‘istant Antimicrobials v Res.istant Antimicrobials v Res.istant
strains strains strains
Carvacrol 9.23 Carvacrol 5.05 Carvacrol 1591
Thyme oil 16.95 Thyme oil 20.09 Patchouli oil 20.00
Cinnamon oil 22.03 Ajowan oil 22.69 Thyme 35.00
Cinnamaldehyde 22.41 Cinnamaldehyde 22.96 Ajowan oil 39.53
Ajowan oil 37.10 Cinnamon oil 26.24 Cinnamaldehyde 46.51
Guggul oil 38.46 Holy basil oil 44.53 Agarwood Oil 60.00
Holy basil oil 45.16 Betel leaf oil 48.33 Cinnamon oil 62.79
Sandalwood oil 52.38 Sandalwood oil 48.57 Holy basil oil 65.12
Citral 53.33 Citral 52.92 Citral 65.12
Lemongrass oil 55.07 Guggul oil 53.33 Rosewood Oil 68.42
Betel leaf oil 57.78 Rosewood Oil 55.13 Sandalwood oil 74.42
Agarwood Oil 62.96 Lemongrass oil 57.40 Betel leaf oil 75.00
Patchouli oil 63.33 Patchouli oil 62.22 Guggul oil 75.00
Rosewood Oil 66.67 Agarwood Oil 62.92 lemongrass oil 76.74
Marjoram oil 72.00 Marjoram oil 70.73 Marjoram EO 89.47

DOI: 10.26855/abr.2024.12.005 85 Advance in Biological Research



B. R. Singh et al.

Table 7. The most effective 25 conventional antimicrobials and antibiotic resistance in streptococci isolates from different sources

Human clinical strains, n = 78 Animal Clinical strains, n = 381 Non-clinical strains, n = 44
9 i 0 : o .
Antimicrobial & Res'lstant Antimicrobial % ReS} stant Antimicrobial & Res.lstant
strains strains strains
Amoxicillin +sulbactam 10.71 Imipenem 13.18 Amoxicillin 0.00
+sulbactam
Imipenem 15.63 Amoxicillin + sulbactam 15.38 Imipenem 2.86
Meropenem 16.67 Nitrofurantoin 19.89 Tigecycline 8.33
Piperacillin +Tazobactam 20.75 Piperacillin Tazobactam 22.44 Carbapenem group 20.45
Nitrofurantoin 21.74 Ofloxacin 22.60 Amox1c'1lhn . 23.53
+clavulanic acid
Piperacillin 22.64 Carbapenem group 23.62 Erythromycin 23.81
Ampicillin 25.81 Piperacillin 24.80 Ofloxacin 26.47
Am0x1c.1111n . 29.31 Meropenem 28.15 Amoxicillin 26.67
+clavulanic acid
Tigecycline 31.82 Chloramphenicol 28.40 Meropenem 27.27
Linezolid 31.91 Am"’“”“;;glavulamc 29.05 Ampicillin 31.25
Amoxicillin 33.33 Ampicillin 30.15 Piperacillin + Tazobactam 36.36
Chloramphenicol 36.62 Ertapenem 30.52 Chloramphenicol 37.50
Cefepime 37.50 Clindamycin 30.73 Tetracycline group 38.64
Oxacillin 43.18 Linezolid 31.76 Azithromycin 40.74
Cefotaxime+ clavulanic acid 43.75 Tigecycline 32.18 Nitrofurantoin 42.86
Cefotaxime 44.00 Azithromycin 32.47 Cefoperazone + sulbactam 43.75
Clindamycin 44.44 Amoxicillin 33.84 Piperacillin 45.45
Gentamicin 46.38 Erythromycin 35.38 Tetracycline 48.48
Erythromycin 46.88 Cotrimoxazole 37.22 Doxycycline 50.00
Ceftazidime 50.00 Vancomycin 42.07 Gentamicin 50.00
Ertapenem 50.00 Oxacillin 42.51 Cotrimoxazole 50.00
Ceftriaxone 51.02 Lincomycin 43.09 Ceftazidime 50.00
Vancomycin 51.61 Gentamicin 44.75 Vancomycin 50.00
Ofloxacin 52.70 Tetracycline 46.02 Linezolid 51.61
Doxycycline 53.33 Cefotax1m§CJirdclavulan1c 46.15 Minocycline 52.00

Herbal antimicrobial resistance and resistance to a few selected antibiotics (AO, HBO, CNH, carvacrol, LGO, TO, CO,
SWO, BLO, GO, Ox, Pi, NF, CTX, CFX, CP, Mox, Lz, Cd, Lin) were significantly (p <0.05) more prevalent among
streptococci of environmental origin than those isolated from clinical cases (Tables 6, 7). Irrespective of the origin of
strains, the carvacrol was the most effective (93.22%) and marjoram oil (MO) was the least inhibitory (25.98%) herbal
compound on streptococci. However, resistance to tetracyclines was more often (OR 2.26, Clos 1.15-408) detected in
streptococci from clinical samples.
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The most effective antibiotics on streptococci isolates irrespective of their origin were amoxicillin + sulbactam and
imipenem, while for other antibiotics, susceptibility varied to a variable extent among strains of different origins (Table
7), of different species (Table 8), and belonging to different Lancefield groups (Table 9).

Table 8. The most effective antimicrobials on different Streptococcus species isolates (if the number of antimicrobials with the same
efficacy were more than two names of all effective antimicrobials are given)

The two most effective

The two most effec-

Bacteria Discase cases MHDR MDR herbal antimicrobials tive antibiotics
S. adjascens (2) UTI 1 100.00 100.00 Carvacrol, TO A, Amx, AS, G, Tig
. Abortion 1, bacteremia 1, mastitis R
S. agalactiae (16) 5. RTI 1, skin infections 5, UTI 3 25.00 75.00 Carvacrol, CO AS, Pi, PiT
. Carvacrol, CO, GO, A, AC, AS, C, Nf, Pi,
S. alactolyticus (3) UTI 3 100.00 66.67 LGO, PO PIT, Tig
Abortions 4, Bacteremia 37, den-
tal infections 3, GITI 8, genital
tract infections 9, mastitis 10, RTI
S. milleri (S. angino- 19, Skin infections 13, UTI 16, .
sus) (149) healthy buffalo milk 9, human 65.77 78.532 Carvacrol, TO Imp, PIT
finger swab 1, healthy human
urine 10, BAS scanner 7, HB
leaves 2, pond water 1
. Abortion 2, bacteremia 5, mastitis AQO, BLO, Carvacrol,
S. bovis (11) 3. cow milk 1 81.82 81.82 Citral, CNH, TO Do, CTX-C, CPZ-S
. Bacteremia 1, skin infection 1, AOQ, Carvacrol, RWO, .
S. canis (4) UTI 2 75.00 75.00 SWO, TO Tig, Nf
. Abortions 2, healthy human urine AQ, Carvacrol, Citral, A, AC, Amx, AS, G,
S. defactivus (4) ) 50.00 0.00 CNH, CO, HBO, TO Tig
S. dysgalactiae ssp. Abortion 1, genital tract infection 857 8571 AOQO, Carvacrol, CNH, AC, Amx, AS, Az,
dysgalactiae (7) 1, mastitis 5 ’ ’ CO Cd, E, Lin, Pi, PiT
S dvsealactiae ss Abortion 1, bacteremia 6, GITI 1,
- dysgalacliae SSp. - titis 10, RTI 3, skin infections 41.18 76.47 CO, RWO Min, Nf
equisimilis (34) 8 UTIS
. . Ear infection 1, RTI 2, skin infec- A, AC, AS, Pi, PiT,
S. equi ssp. equi (5) tion 1, reference 1 40.00 60.00 AO, Carvacrol, Ox.CTR
S. equi ssp. zooepi- Conjunctivitis 2, ear infections 3, AOQ, Carvacrol, CNH, .
demicus (17) RTI 5, skin infections 4, UTI 3 47.06 5294 CO, RWO AS, Ert, Ipm, Min
. . . . AQ, Carvacrol, Citral, C, Do, G, Nf, Min,
S. equinus (1) Genital tract infection 1 0.00 100.00 CNH, CO, LGO, TO Of, T, Tig
S. iniae (8) Abortions 4, Bacteremia I, GITL ¢, 5 7500 AO,Carvacrol, TO  As, CTX-C, Do, Lin
2, healthy pig 1
S. intestinalis (5) Mastitis 5 80.00 60.00 LGO, GO A, Amx, Cot, Of
S. macacae (1) Bateremia 1 0.00 0.00 AWO, GO, SWO A, Am{\‘ffcéfo“ G,
.. RTI2,UTI 1, HB leaves 1, .
S. mitis (5) healthy elephant facces 1 100.00 100.00 Carvacrol, CNH AS, Min, Lz
S. morbilorum (Ge- . All herbal antimicrobi-  All antibiotics except
mella morbilorum) Mastitis 1 0.00 100.0 als Ox, Cfx, Az, Azt
Ear infection 1, GITI 1, mastitis AC, Amx, AS, Ipm,
S. phocae (4) 1, healthy human urine 1 50.00 100.00 Carvacrol, TO Lz, Pi, PiT
Abortions 4, bacteremia 8, GITI
S. pneumoniae (29) 1, mastitis 2, RTI 12, skin infec- 62.07 89.66 Carvacrol, TO Ipm, As, Mp
tions 2
Abortions 1, bacteremia 15, ear
. infection 1, GITI 1, genital tract
S. porcinus (34) infection 1, RTI 2, skin infections 76.47 91.18 Carvacrol, TO AS, Ipm
5, UTI 4, healthy human urine 4
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S. pyogenes (141)

S. rattus (1)
S. salivaris (2)
S. sanguinis (7)

S. suis (7)

S. uberis (7)

Abortions 21, bacteremia 22, ear

infection 2, genital tract infection
15, mastitis 12, RTI 21, skin in-

fections 38, UTI 9, HB leaves 1

Bacteremia 1

GITI 1, RTI 1
Abortion 2, GITI 3, mastitis 1,

TRI 1

RTI 5, skin infection 1, pond wa-

ter 1

Abortion 1, bacteremia 1, mastitis
4, healthy lion faeces 1

Table 8 Continued
59.57 58.87
100.00 100.00
0.00 100.00
71.43 100.00
28.57 85.71
85.71 85.71

Carvacrol, CNH

Carvacrol

AQ, Carvacrol, Citral,
CO, CNH, LGO, TO

AO, Carvacrol, CNH

AO, CO, CNH, Citral,
TO

AO, CNH, TO

Ipm, NF

AC, Amx, AS, Ipm,
Lz, Pi, PiT
AS, Az, CTR, E, G,
Ipm, Mp, NF

AC, C,Nf
Amx, Do, Min,

AS, Ipm

Notes: GITI, gastrointestinal tract infections; RTI, respiratory tract infections; UTI, urinary tract infections; AO, ajowan oil; AWO, agar wood oil; BLO, betel
leaf oil; CNH, cinnamaldehyde; Co, cinnamon oil; GO, guggul oil; HBO, holy basil oil; LGO, lemongrass oil; RWO, rose wood oil; SWO, sandal wood oil; To,
thyme oil; A, ampicillin; Amx, amoxicillin; AC, amoxicillin + clavulanic acid; AS, amoxicillin + sulbactam; Az, azithromycin; C, chloramphenicol; Cd,
Clindamycin; Cot, contrimoxazole; CPZ-S, cefoperazone + sulbactam; CTR, ceftriaxone; CTX-C, cefotaxime + clavulanic acid; Do, doxycycline; E, erythro-
mycin; Ert, ertapenem; G, gentamicin; Imp, imipenem; Lin, lincomycin; Mp, meropenem; Lz, linezolid, Min, minocycline; Nf, nitrofurantoin; Of, ofloxacin;
Ox, oxacillin; Pi, piperacillin, PiT, piperacillin + tazobactam; T, tetracycline; Tig, tigecycline.

Table 9. The best and worst antimicrobials for streptococci of different groups

Inhibiting >80% of strains

Inhibiting <50% strains

Lancefield Group Species
Antibiotics Herbals Antibiotics Herbals
Imp, Nf, AS, Ert, Do, CTZ-C, Azt, LGO, Citral, Mo,
A S. pyogenes 141 Of, AC, PiT, Tig, Carvacrol, CNH CTZ, Cfd, Cfx, Spt, SWO, RWO, AWO,
Pi Lin PO
fmp, AS, Ert, Car, AO, CNH
. PiT, Pi, Mp, Nf, ’ ’ T, Cfd, Spt, Cfx,
B S. agalactiae 16 Of AC, cg, ox. O EQ, HBO, Azt CPZ-S PO, MO, AWO
itral
Lz Az
8. dysgalactiae ssp. eq- RWO, carvacrol, ~ CTX-C, Cfx, Cfd,
C ”’S’m”.’S53;’ S.equissp- \q Imp, Nf CO, AO, TO, CPZ-S, Mox, CTZ, Awo, PO, MO
equr 2, o. equi S3p. CNH CTZ-C, Azt, Spt
zooepidemicus 17
CTX, CTR, Mox,
S. bovis 11, S. equinus Do, CTX-C, Min, AQ, Carvacrol, Amx, Azt, CTZ-C,
b 1, 8. suis 7 of CNH, CO CFX, CTZ, Spt, Cot, - HBO, GO, AWO
Cp, Ert, Cfd
V, CPZ-S, CTZ, Do,
S. anginosus (S. milleri) G, Min, Ox, CTR, SWO, AWO, HBO,
E-F 149, S. mitis (S. mitor) Imp Carvacrol Lin, CTX-C, Cp, GO, BLO, citral,
5 CTX, Cfd, CFX, LGO, RWO, MO
Mox, Azt, Spt
S. canis 4, S. dysgalac- Carvacrol, AO, (éFé,’l;’ (éIR(’}CgOZt-
G-H tiae ssp. dysgalactiae 7, AC, Ert RWO, CNH, TO, ) P ? GO, AWO, PO, MO
. Cfd, Mox, Azt, Spt,
S. sanguinus 7 CO .
Min
G, Lin, CTX-C, Cfd,
Non-lancefield S ae 29 Im Carvacrol. TO CTZ, Mox, Min, Citral, LGO, AWO,
group - preumoriae p » 'Y CPZ-S, CTR, CFX, MO, GO
Spt, Azt
Do, Cfx, Cx, CTR,
Min, T, CPZ-S, Ox,  Citral, SWO, BLO,
Others 11 species 66 strains AS, Imp, Mp Carvacrol, TO CTX, Cp, Mox, LGO, MO, PO, AWO,
CTZ-C, CTZ, Cfd, RWO
Azt, Spt
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Table 9 Continued
C?Z"_’Clwglgxcg’x BLO, LGO, Citral,
All 26 species 504 strains AS, Ipm Carvacrol ’ i ? Mo, SWO, RWO,
CTR, Cfd, Cx, Cp, AWO. PO
CPZ-Smox, Azt, Spt ’
Do, CTR, CTX,
Clinical 26 species AS, Ipm Carvacrol, TO CPZ-S, Min, Mox, GO, Citral, LGO,

Cfx, Cx, CTZ-C,  RWO, PO, AWO, MO
CTZ, Cfd, Azt, Spt

Notes: AO, ajowan oil; AWO, agar wood oil; BLO, betel leaf oil; CNH, cinnamaldehyde; Co, cinnamon oil; GO, guggul oil; HBO, holy basil oil; LGO,
lemongrass oil; RWO, rose wood oil; SWO, sandal wood oil; To, thyme oil; A, ampicillin; Amx, amoxicillin; AC, amoxicillin + clavulanic acid; AS, amoxicillin
+ sulbactam; Az, azithromycin; C, chloramphenicol; Cd, Clindamycin; Cot, contrimoxazole; CPZ-S, cefoperazone + sulbactam; CTR, ceftriaxone; CTX-C,
cefotaxime + clavulanic acid; Do, doxycycline; E, erythromycin; Ert, ertapenem; G, gentamicin; Imp, imipenem; Lin, lincomycin; Mp, meropenem; Lz, linezolid,
Min, minocycline; Nf, nitrofurantoin; Of, ofloxacin; Ox, oxacillin; Pi, piperacillin, PiT, piperacillin + tazobactam; T, tetracycline; Tig, tigecycline.

Further, comparison of antimicrobial susceptibility of streptococci from different hosts revealed that streptococci from
human clinical samples were more often (p <0.0%) resistant to Car, Cot, Of, Cfx, and Lin than isolates from sick dogs and
domestic animals; to AO, BLO, Tet, CPZ, Ert, Az, and E than isolates from sick domestic animals; and to RWO than those
from sick dogs, but more susceptible to amoxicillin + sulbactam (AS) than isolates from ailing dogs (p, 0.04). Streptococci
from sick dogs were more often (p <0.02) resistant to AS and AZ, and less often to RWO and Tig than those from domestic
animals.

The MHDR was highest in streptococci from domestic animals (80%) followed by strains from poultry (72.76%), wild/
700 birds (69.23%), and the least in strains from horses (38.98%), while MDR was detected at highest levels in streptococci
from wild and zoo animals (87.8%) followed by poultry birds (82.36%), humans, pigs and domestic animals (~80%), and
the least in strains isolated from healthy human beings.

Resistance to macrolides (68.18%) and penicillin (86.36%) was the maximum in streptococci from samples of poultry
birds (Table 5). Resistance to vancomycin was the maximum in streptococci from non-clinical samples of domestic animals
(87.5%), and resistance to tetracycline was the most common among strain samples of wild and zoo animals (78.05%).
Resistance to CNH, Car, TO, GO, Ox, AC, G, C, CTX, CTX-C, CTR, and CR in streptococci of poultry birds origin was
significantly higher (p <0.05) than those originating from humans, dogs, domestic animals, and horse clinical samples.
Similarly, streptococci isolated from wild and zoo animals were more often (p <0.05) resistant than streptococci from
humans, dogs, domestic animals, and horses to G, CTX, CTX-C, CTR, Mox, CFX, CFL, and CR. There was also a signif-
icant difference concerning other drugs among strains of different origins. Among all streptococci, strains of equine origin
were significantly (p <0.05) more often MDR and MHDR than streptococci from other animals, birds, and humans.

On analysing antimicrobial resistance in different species of streptococci, it was evident that S. anginosus, S. pneu-
moniae, and S. porcinus isolates were excessively (p <0.05) resistant to ajowan oil than isolates of S. dysgalactiae ssp.
equisimilis, S. iniae, S. pyogenese, S. sanguinis, S. suis, and S. ubersis isolates; S. anginosus isolates are more resistant to
HBO than isolates of S. agalactiae, S. dysgalactiae, and S. pyogenes; more resistant to citral than S. agalactiae, S. dysga-
lactiae, S. iniae, and S. suis isolates; more resistant to lincomycin than S. dysgalactiae, and S. equi isolates. Streptococci
of different species varied significantly (p <0.05) in their susceptibility to different antibiotics, as S. agalactiae were more
often resistant to linezolid than isolates of S. equi, S. iniae, S. sius, and S. uberis, while more resistant to tigecycline than
isolates of S. anginosus, S. pyogenes, and S. suis. Similarly, S. anginosus isolates were more often (p <0.05) resistant to
AO than isolates belonging to S. dysgalactiae, S. iniae, S. sanguinis, S. suis and S. uberis, and more resistant to linezolid
than isolates of S. dysgalactiae, S. equi, and S. iniae. Streptococcus bovis isolates were more often resistant to guggul oil
than isolates of S. dysgalactiae, S. equi, S. iniae, S. anginosus, S. porcinus, S. suis, and S. uberiss; and also more often
resistant to ertapenem than isolates belonging to S. agalactiae, S. dysgalactiae, S. equi, S. iniae, S. anginosus, S. pyogenes,
and S. uberis. Isolates of S. dysgalactiae ssp. dysgalactiae appeared often more (p <0.05) susceptible to many of the
antibiotics than isolates belonging to other species, but they were more often (p <0.05) resistant to nitrofurantoin than S.
iniae and S. pyogenes isolates, to gentamicin and minocycline than S. pyogenes and S. suis isolates, respectively. Isolates
of S. dysgalactiae ssp. equisimilis were often more resistant to penicillins than isolates of sister subspecies S. dysgalactiae
ssp. dysgalactiae, and also more than isolates of S. equi, S. pyogenes, and S. suis. Isolates of S. iniae were more often
susceptible to many of the antibiotics, similar to S. dysgalactiae isolates, but were more commonly (p <0.05) resistant to
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vancomycin than isolates belonging to S. agalactiae, S. equi, S. pyogenes, and S. sanguinis, and more resistant to clindamy-
cin than isolates of S. dysgalactiae ssp. dysgalactiae, S. pyogenes, and S. uberis. Isolates of S. pneumoniae were more
often (p <0.05) resistant to Nf than isolates of S. dysgalactiae ssp. equisimilis, S. iniae, and S. pyogenese species, and are
more resistant to amoxicillin than isolates of S. dysgalactiae ssp. dysgalactiae, and S. equi. Isolates of S. porcinus were
more often (p <0.05) resistant to HBO than isolates of S. agalactiae, S. dysgalactiae, and to tetracyclines than isolates of
S. aglactiae, S. anginosus, S. bovis, S. equi, S. iniae, S. pneumoniae, S. pyogenes, and S. suis. Streptococcus pyogenes
isolates were more commonly (p <0.05) susceptible than many other species strains of streptococci for several antimicro-
bials, but more often resistant to lincomycin than S. agalactiae, S. dysgalactiae, and S. equi isolates, more resistant to LGO
and citral than S. agalactiae, S. dysgalactiae ssp. dysgalactiae, and S. suis isolates. Streptococcus suis isolates more fre-
quently resisted ertapenem and other carbapenems than isolates belonging to S. agalactiae, S. dysgalactiae, S. equi, S.
iniae, S. pyogenes, and S. sanguinis; to vancomycin than isolates of S. aglactiae, and S. pyogenes. Although S. uberis
isolates were often susceptible to most of the herbals and antibiotics tested, they were more often (p <0.05) resistant to
citral than S. dysgalactiae ssp. dysgalactiae, S. iniae, S. sanguinis, and S. suis isolates.

Lancefield group D, E, F, G, and non-Lancefield group streptococci were more often (p <0.05) resistant to many of the
antimicrobials than isolates belonging to other Lancefield groups. Specifically, more resistant to cotrimoxazole and car-
bapenems than streptococci of Lancefield groups A, B, and C isolates. The Group C streptococci were also more often
susceptible to many herbal antimicrobials like AO, HBO, and LGO than streptococci belonging to Lancefield groups A,
D, E, F, G, H, and non-Lancefield group isolates (Table 9).

4. Discussion

In the present study, the most commonly isolated streptococci from clinical samples were S. pyogenes (Group A; 140),
followed by S. anginosus (Group E, F; 111), S. dysgalactiae ssp. equisimilis (Group C; 34) S. pneumoniae (29), S. equi
ssp. zooepidemicus (group C; 17), S. agalactiae (Group B; 16), and S. bovis (Group D, 11) from samples of a wide spectrum
of clinical infections in a range of hosts. The previous studies also documented that the most of the streptococcal infections
in humans are attributed to group A (S. pyogenes), and Group B streptococci (GBS) primarily infect animals, and they are
primarily responsible for UTI, pyelonephritis, low birth weight, and preterm deliveries in infected women and mastitis in
animals [22]. Streptococcus pyogenes strains are equally pathogenic to humans and animals; they have been reported to
be associated with a number of ailments, like abortions and ear infections in animals [23, 24]. The GBS were detected in
the present study mostly from sick animals (buffalo, cattle, deer, dogs, and horses) and were also isolated as a cause of
UTTI in two human cases, as reported earlier [22]. Though, GBS are often considered harmless commensals in humans col-
onizing the gastrointestinal and genitourinary tracts of up to 30% of healthy human adults, they sometimes causes serious
infections like septicaemia [22, 25, 26]. Many GBS strains also infect neonates, probably due to colonization of the recto-
vaginal region of pregnant women and acquisition of infection by neonates during delivery [25, 26].

Of the 55 Group C streptococci (GCS) isolates from clinical sources, 20 were from horses suffering from respiratory
tract infections, four caused infections in humans (3 skin infections and 1 UTI), and the rest were from a wide range of
animals and birds, causing many different types of illnesses. Earlier, GCS were primarily considered important pathogens
of equines, causing serious chronic illnesses like strangles and wound infections [27, 28]; they are rarely reported to cause
human infections despite being commensal human flora of the nasopharynx, skin, or genital tract [29]. However, recently
they have been reported to cause otitis media in dogs [23]. There are reports of their infections similar to group A strepto-
cocci in humans and other animals [29]. The observations indicated a strong zoonotic potential of group C streptococci
similar to earlier observations [30].

Of the 17 Group D streptococci (GDS), 15 were isolated from animals, mostly from pigs suffering from pneumonia and
septicemic infections, and two were from sore throat cases of humans. Similar to GCS, GDS (S. bovis, S. equinus, S. suis)
are primarily known as animal pathogens but in recent past they have been identified as emerging zoonotic pathogens often
associated with colorectal carcinoma, inflammatory bowel disease, peptic ulcer disease, diverticular disease, and gastroin-
testinal bleeding, bacteraemia, endocarditis in humans but have rarely been associated with sore throat infections [31-33].

Streptococcus anginosus group (S. anginosus, S. milleri, S. mitis, S. mitor, etc.) streptococci were one of the most fre-
quently detected groups of streptococci in the study, isolated from 122 clinical cases affecting a wide range of hosts and
causing many different types of ailments. Of 122 isolates, 29 were from humans suffering from bacteraemia 1, dental
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infections 3, intestinal abscess 1, upper respiratory tract infections 13, and UTIs 11. Streptococcus anginosus group strains
are often a-haemolytic [33], have been shown to belong to several Lancefield antigens (A, C, E, F, G), and often cause
serious infections like abdominal sepsis, brain abscesses, endocarditis in humans [34-36] and pulmonary infections in
animals [37].

In the study, among the group G and H streptococci, S. canis was detected from a case of septicemia in a hyena, two
cases of UTI in dogs, and a case of pustular dermatitis in a dog. Most of the S. dysgalactiae ssp. dysgalactiae were isolated
from mastitis cases in cows (4) and buffalo (1), and also from a case of abortion in cows. All five S. intestinalis strains
were detected from milk samples of cow mastitis cases (5), but S. sanguinis isolates originated from more diverse cases
viz., faeces of diarrhoeic pigs (3), abortion in cows (2), mastitis milk of a cow, and throat swab of a man suffering from
chronic sore throat. Streptococci of group G and H (S. canis, S. dysgalactiae ssp. dysgalactiae, S. sanguinus) are reported
to be important pathogens of dogs, cats, and cattle but are fast emerging as a zoonotic infection in human medicine [38,
39]. In humans, Group G streptococci are often isolated from the gastrointestinal tract of people with one or other under-
lying medical disorder, viz., diabetes mellitus, malignancy, alcohol abuse, or immunosuppression [38, 39]. In dogs, S.
canis causes otitis, skin infections, GIT infections, urogenital infections, rhinitis, septicaemia, pneumonia, placentitis and
neonatal death but cats are usually asymptomatic carriers [38, 40], however, it seems to be a first report of isolation of S.
canis from a septicemic case of hyena. Strains of S. dysgalactiae ssp. dysgalactiae are often the cause of contagious mastitis
in cattle as observed in the present study [41, 42]. Though it is considered a major cause of mastitis only, its isolation from
cases of abortions and metritis indicates its widening pathogenic potential. Though it was not detected in any of the human
clinical samples in the present study, it is reported as an emerging human pathogen causing serious infections similar to S.
pyogenes [43, 44]. Strains of S. sanguinis/S. sanguis are considered normal oral inhabitants but may accidentally (after
some mechanical injury) enter the bloodstream and colonize heart valves, causing sub-acute endocarditis [45, 46]. How-
ever, our observations indicated that they had pathogenic significance besides just being commensals or opportunists. Its
isolation from a chronic sore throat case indicated its persistent biofilm-forming ability in the oral cavity, and observations
are in concurrence with earlier reports of its oral biofilm-forming ability, and its ability to interact with caries- and perio-
dontitis-associated pathogens [47].

Streptococcus porcinus and S. suis strains are primarily considered residents of the pig gastrointestinal tract [48]. How-
ever, in our study only six of the 36 isolates were from pigs and rest were from other animals (19), and birds (5) suffering
from a wide range of ailments viz., septicemic deaths (5 birds), bacteraemia (9), abortion (1), otitis (1), posthitis (1),
bronchitis (2), pneumonia (3), UTI (1), wound infections (6) and diarrhoea (1), and six were from humans suffering from
UTI (3), bacteremia (1) and sore throat. Our observations are in concurrence with earlier reports [23, 48]. Streptococcus
porcinus is known for its pathogenicity in pigs, causing infections of lymph nodes, the lower respiratory tract, and the
genital tract of pigs, but can infect other animals and humans [48].

Streptococci iniae were isolated from clinical samples associated with abortion in cattle 4, septicemia (1 pig), and three
(faeces of a pig and two horses). Though S. iniae is primarily considered a pathogen of aquatic animals causing lethal
infections in farmed fish, and golf ball disease in dolphins, it has also been identified as an emerging zoonotic pathogen
affecting persons in water sports and fish handling [49, 50] but rarely reported causing infections like abortions and septi-
cemia in animals as observed in the present study indicating the widening of host range of this emerging zoonotic pathogen.

Of the six isolates of S. uberis, four were from cases of mastitis and one each was from abortion and septicemic cases.
It is considered a cause of contagious mastitis but has rarely been reported to cause other infections [41, 42].

In the present study, S. adjacens was associated with a case of human UTI, and S. defactivus from two cases of abortions
in goats, and also as commensals in human urine. These two nutritional variant streptococci are now known as Granulica-
tella adjacens and Abiotophia defactiva and often get missed in routine diagnostic laboratories, due to their fastidious
nature, may also cause serious life-threatening infections like internal abscesses and endocarditis, but are rarely reported
as a cause of UTI and abortions [51-53].

Streptococcus morbilorum (now also known as Gemella morbilorum) was from a case of mastitis-metritis syndrome
and was also isolated from a deep vaginal swab sample of a cow. It is often considered a commensal in oropharyngeal and
gastrointestinal tracts and may rarely cause infective endocarditis, deep visceral abscesses, and soft tissue necrotizing
infections [54] has not been reported earlier as a cause of genital tract infection.

Of the four S. phocae isolates in the study, one was from tongue scrapings of a persistent human glossitis case, and one
each was from a case of mastitis in a buffalo, otitis in a dog, and from the urine of a healthy person. Though it is frequently
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isolated from dead marine mammals, its pathogenicity is largely obscure [55]. It has rarely been reported to cause infections
in humans and terrestrial animals, except for a reported case of dermal infections in mink [56].

Though S. rattus is not known to cause any serious illness except causing foul smell from the mouth [57], an isolate of
S. rattus in the study was from a guinea pig that died of a liver abscess and appears to be the first report of soft tissue
abscess caused by S. rattus. It is usually isolated from healthy individuals as a component of dental biofilms and is known
to produce a bacteriocin-inhibiting cariogenic species of the Mutans group of Streptococcus and is considered a good
bacterium [57].

The two isolates of S. salivaris were from one sample each of tongue swabs from glossitis and a swab of a sore throat
case in a child. Similar to S. rattus, S. salivaris is also included in a beneficial group of streptococci. It is a common
inhabitant of the human oral cavity and rarely reported to cause infections, and it produces bacteriocin to inhibit other
potential pathogens, and possesses anti-inflammatory activity [58]. The isolation of S. salivaris in the present study from
clinical samples might represent a contaminant in the samples, as it is common at the sampling site, the oral cavity [58].
All three isolates of S. alactolyticus were from urine of human UTI cases; it belongs to the S. bovis complex and has been
reported to cause infective endocarditis but has rarely been associated with UTI [31, 59].

In the study, five S. intestinalis isolates were from milk samples of cattle mastitis cases. Though S. intestinalis is a
common inhabitant of the pig colon and isolated from >50% of pig faeces [33], it is rarely reported to cause any other
infection as observed in the present investigation.

Though Streptococcus macacae in the study was isolated from a case of bacteraemia in a rhino, it has rarely been
reported to cause any disease and is often present in dental plaques of primates [60].

Although streptococci may cause a wide range of minor to serious life-threatening infections in humans, birds, and
animals, the emergence of antimicrobial resistance in streptococci is rarely considered a serious threat. In the present study,
73.41% and 60.32% of streptococci had MDR and multiple drug resistance and were identified are more drug-resistant
than other Gram-positive bacteria like Mammalicoccus spp. [61] and staphylococci in the region of the study [62]. Among
clinical streptococcal isolates, >57% were resistant to one or other tetracycline group antibiotics, >47% to lincomycin, >
36% to macrolides, >44% to aminoglycosides, and >27% to fluoroquinolones. Though there are a few studies on compre-
hensive drug resistance encompassing streptococci of different species, several studies have reported the emergence of
MDR in different species of streptococci viz., of MDR in S. suis and S. porcinus along with S. canis strains is reported as
a big threat to swine production [62], emergence of drug resistance in group D streptococci [63, 64], in S. anginosus group
[35, 59] S. bovis complex [31, 59] has become a human health menace.

In S. anginosus group appeared as one of the most common group of drug resistant streptococci in Bareilly region with
MDR in >79% and MHDR in >2/3" of the isolates. Though AMR has been reported as an emerging problem in S. angi-
nosus group streptococci, infections are reported satisfactorily treatable with penicillin G and cephalosporins [35]. How-
ever, in the present study >61% and > 75% of the S. anginosus group streptococci isolates were resistant to penicillins and
cephalosporins and only imipenem inhibited >80% of the isolates indicating the need to search for alternative therapeutic
agents.

Emerging MDR (resistance against tetracyclines, lincosamides, macrolides, and aminoglycosides) in S. suis and S. porci-
nus along with S. canis is a big threat to swine production [63], however, based the present study doxycycline, minocycline,
ofloxacin and cefotaxime with clavulanic acid may be recommended as the drug of choice as they inhibited >80% of the
isolates.

Further, more than 50% of the isolates of Group D streptococci were resistant to CTX, CTR, Mox, Amx, Azt, CTZ-C,
CFX, CTZ, Spt, Cot, Cp, Ert, Cfd and >84% had MDR. The emergence of AMR in group D streptococci has made these
pathogens an important health menace [63, 64]. They are reported resistant to levofloxacin, erythromycin, gentamicin, and
tetracycline but treatable with erythromycin, clindamycin, cefotaxime, and chloramphenicol [63, 64]. However, in the
present study none of these antibiotics were effective to inhibit >75% of the isolates and best antibiotics inhibiting >80%
of the isolates of this group of streptococci were doxycycline, minocycline, ofloxacin and cefotaxime with clavulanic acid.

Though, >60% of the streptococci (58.82% of clinical origin) isolates tested had multiple herbal drug resistance (MHDR
several herbal origin antimicrobial including > 70% of streptococci including carvacrol (93.18%), thyme oil (78.61%),
cinnamaldehyde (74.23%), ajowan oil (73.08%) and cinnamon oil (70.50%) inhibited >70 of the streptococci and may be
considered an important alternative to treat AMR streptococci. Thyme oil and carvacrol (active ingredient of thyme oil,
ajowan oil and oregano oil) inhibited >80% of streptococci of clinical origin. Similar observations indicating
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cinnamaldehyde and carvacrol as the most effective herbal origin antimicrobials have been reported earlier too [65, 66].
However, the bigger question is how to use the herbals, and more research is required [67] even for using herbal antimi-
crobials for topical applications. Though observations on the anti-streptococcal activity of herbal antimicrobials are en-
couraging there is a paucity of earlier observations to discuss further.

5. Strengths and Limitations of the Study

The major limitation of the study was the regionality of the study even not encompassing a country, all isolates were from
the Bareilly region and that too from referred cases not representing the true picture of AMR in streptococci of the Bareilly
region. However, at the other end, the study had considerable strength in analysing AMR in >500 isolates of streptococci
of diverse origin and belonging to more than two dozen of species of clinically important streptococci.

6. Conclusion

The study concluded that there may be several streptococci infecting without respecting different host boundaries indicat-
ing their true zoonotic nature. Not only MDR but also MHDR in the majority of the streptococci revealed the real AMR
threat in the therapeutic management of streptococcal infections. Given the rising resistance to conventional antibiotics,
the findings underscore the need for alternative treatments, including herbal antimicrobials. The study indicated the need
for utmost care in antimicrobial therapy of streptococcal infections as many of the globally recommended groups of anti-
biotics for treating streptococcal infections were inefficacious against the majority of the isolates. The study suggests an
antimicrobial susceptibility assay in all cases of streptococcal infections for selection of the suitable and effective antimi-
crobials for treatment.

Author Contributions

Singh BR conceived the idea, designed the study, implemented the plan, analyzed the study results and drafted the manu-
script; Chandra M confirmed cultures using MALDI-TOF MS, Pawde AM, Yadav A, Jayakumar V and Agri H retrieved
data and arranged for analysis, Agrawal R, Yadav A, Jayakumar V, Karthikeyan R, Kumar A, and Agri H did bacteriolog-
ical analysis of samples and vancomycin susceptibility testing, Singh BR, Pawde AM, Kumar A, Yadav A, Jayakumar V
and Agri H writing and reviewing of the manuscript.

Conflict of Interest

The authors declare no conflicts of interest.
Acknowledgments

The authors are thankful to Mr. HC Joshi, Mr. G Tiwari, Mr. Laiqur Rahman and Mr. Ashok Kumar, Division of Epide-
miology, ICAR-Indian Veterinary Research Institute, [zatnagar for their consistent technical assistance.

Funding

The research work was supported by grants from CAAST-ACLH (NAHEP/CAAST/2018-19) of the ICAR-World Bank-
funded National Agricultural Higher Education Project (NAHEP).

References
[1] Lamagni T, Guy R, Chand M, Henderson KL, Chalker V, Lewis J, et al. Resurgence of scarlet fever in England, 2014-16: a population-
based surveillance study. Lancet Infect Dis. 2018;18(2):180-7. doi:10.1016/S1473-3099(17)30693-X.

[2] Shmueli M, Lendner I, Ben-Shimol S. Effect of the COVID-19 pandemic on the pediatric infectious disease landscape. Eur J Pediatr.
2024;183(3):1001-9. doi:10.1007/s00431-023-05210-x.

[3] Balasubramanian S, Amperayani S, Dhanalakshmi K, Senthilnathan S, Chandramohan V. Rapid antigen diagnostic testing for the diag-
nosis of group A beta-haemolytic streptococci pharyngitis. Natl Med J India. 2018;31(1):8-10. doi:10.4103/0970-258X.243433.

[4] Plainvert C, Duquesne I, Touak G, Dmytruk N, Poyart C. In vitro evaluation and comparison of 5 rapid antigen detection tests for the
diagnosis of beta-hemolytic group A streptococcal pharyngitis. Diagn Microbiol Infect Dis. 2015;83(2):105-11. doi:10.1016/j.diagmi-
crobio.2015.06.012.

[5] Centers for Disease Control and Prevention. Antibiotic Resistance Threats in the United States, 2019. Atlanta: CDC; 2019. Available

DOI:

10.26855/abr.2024.12.005 93 Advance in Biological Research



B. R. Singh et al.

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]

[20]

(21]

(30]

from: www.cdc.gov/DrugResistance/Biggest-Threats.html. doi:10.15620/cdc:82532.

Kurt-Azap O. Invasive Group A Beta-Hemolytic Streptococcal (iGAS) Infections: Is There a Public Health Threat? Infect Dis Clin
Microbiol. 2023;5(1):63-5. doi:10.36519/idem.2023.220.

The Lancet Microbe. Strep A treatment, working for now. Lancet Microbe. 2023;4(1):e1. doi:10.1016/S2666-5247(22)00360-3.
Shulman ST, Bisno AL, Clegg HW, Gerber MA, Kaplan EL, Lee G, et al. Executive summary: Clinical practice guideline for the diag-

nosis and management of group A streptococcal pharyngitis: 2012 Update by the Infectious Diseases Society of America. Clin Infect
Dis. 2012;55(10):1279-82. doi:10.1093/cid/cis847.

Cilléniz C, Garcia-Vidal C, Ceccato A, Torres A. Antimicrobial resistance among Streptococcus pneumoniae. In: Fong IW, editor. An-
timicrobial Resistance in the 21st Century. Cham: Springer; 2018. p.13-38. doi:10.1007/978-3-319-78538-7_2.

World Health Organization. Bacterial Priority Pathogens List, 2024: bacterial pathogens of public health importance to guide research,
development and strategies to prevent and control antimicrobial resistance. Geneva: WHO; 2024.

Lynskey NN, Jauneikaite E, Li HK, Zhi X, Turner CE, Mosavie M, et al. Emergence of dominant toxigenic M1T1 Streptococcus py-
ogenes clone during increased scarlet fever activity in England: a population-based molecular epidemiological study. Lancet Infect Dis.
2019;19(11):1209-18. doi:10.1016/S1473-3099(19)30446-3.

Abo YN, Oliver J, McMinn A, Osowicki J, Baker C, Clark JE, et al. Increase in invasive group A streptococcal disease among Australian
children coinciding with northern hemisphere surges. Lancet Reg Health West Pac. 2023;41:100873. doi:10.1016/j.lanwpc.2023.100873.

Bush LM, Vazquez-Pertejo MT. Streptococcal Infections. In: MSD Manual Professional Version [Internet]. 2023. Available from:
https://www.msdmanuals.com/professional/infectious-diseases/gram-positive-cocci/streptococcal-infections

Patterson MJ. Streptococcus. In: Baron S, editor. Medical Microbiology. 4th ed. Galveston: University of Texas Medical Branch; 1996.
Chapter 13. Available from: https://www.ncbi.nlm.nih.gov/books/NBK7611/

Koning R, van Roon MA, Brouwer MC, van de Beek D. Adjunctive treatments for pneumococcal meningitis: a systematic review of
experimental animal models. Brain Commun. 2024;3:fcae131. doi:10.1093/braincomms/fcae131.

Wang J, Hu L, Zhang Z, Sui C, Zhu X, Wu C, et al. Mice fatal pneumonia model induced by less-virulent Streptococcus pneumoniae via
intratracheal aerosolization. Future Microbiol. 2024;19(12):1055-70. doi:10.1080/17460913.2024.2355738.

Ginders M, Leschnik M, Kiinzel FKD, Mikula C, Steindl G, Eichhorn I, et al. Characterization of Streptococcus pneumoniae isolates
from Austrian companion animals and horses. Acta Vet Scand. 2017;59:79. doi:10.1186/s13028-017-0348-2.

Singh BR. Labtop for Microbiology Laboratory. Berlin: Lambert Academic Publishing; 2009.

Brenner DJ, Krieg NR, Staley JT, Garrity GM. Bergey's Manual of Systematic Bacteriology. Vol 2: The Proteobacteria, Part B: The
Gammaproteobacteria. 2nd ed. New York: Springer; 2005.

Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial Susceptibility Testing. 30th ed. Wayne: CLSI;
2020.

Singh BR, Kumar A, Yadav A, Karthikeyan R, Agri H, Jayakumar V. Comparative antimicrobial efficacy of methanolic and diethyl
ether extracts of Rose (Rosa Indica) hip seeds against clinically important microbes. J Herb Med Plants. 2022;1(1):1-10. Available from:
http://scientificeminencegroup.com/articles/JHMP/Comparative-Antimicrobial-Efficacy-of-Methanolic.pdf

Owens DK, Davidson KW, Krist AH, Barry MJ, Cabana M, Caughey AB, et al. Screening for asymptomatic bacteriuria in adults: US
Preventive Services Task Force Recommendation Statement. JAMA. 2019;322(12):1188-94. doi:10.1001/jama.2019.13069.

Singh BR, Pawde AM, Singh SV, Agri H, Sinha DK, Vinodhkumar OR, et al. Ear infections in animals in Bareilly: Common causes and
effective antimicrobials. Austin J Vet Sci Anim Husb. 2019;6(3):1061.

Singh BR, Sinha DK, Singh KP, Pawde AM. Antimicrobial susceptibility of bacterial causes of abortions and metritis in buffaloes (Bu-
balus bubalis) in Bareilly region, Uttar Pradesh, India. Acta Sci Vet Sci. 2024;6(3):82-92.

Proma P, Goncalvez BP, Le Doare K, Lawn E. 20 million pregnant women with group B streptococcus carriage: consequences, chal-
lenges, and opportunities for prevention. Curr Opin Pediatr. 2023;35(2):223-30. doi:10.1097/MOP.0000000000001223.

Seale AC, Bianchi-Jassir F, Russell NJ, Kohli-Lynch M, Tann CJ, Hall J, et al. Estimates of the burden of group B streptococcal disease
worldwide for pregnant women, stillbirths, and children. Clin Infect Dis. 2017;65(Suppl 2):S200-19. doi:10.1093/cid/cix664.

Waller AS, Paillot R, Timoney JF. Streptococcus equi: a pathogen restricted to one host. J] Med Microbiol. 2011;60(Pt 9):1231-40.
doi:10.1099/jmm.0.028233-0.

Timoney JF. The pathogenic equine streptococci. Vet Res. 2004;35(4):397-409. doi:10.1051/vetres:2004025.

Kaplan EL, Gerber MA. Group A, group C, and group G beta-hemolytic streptococcal infections. In: Feigin RD, Cherry JD, Demmler-
Harrison GJ, Kaplan SL, editors. Feigin and Cherry's Textbook of Pediatric Infectious Diseases. 6th ed. Philadelphia: Saunders; 2009.
p.1225-39.

Baracco GJ. Infections caused by Group C and G Streptococcus (Streptococcus dysgalactiae subsp. equisimilis and others):

DOI: 10.26855/abr.2024.12.005 94 Advance in Biological Research



B. R. Singh et al.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

(48]

[49]

[50]

[51]

Epidemiological and clinical aspects. Microbiol Spectr. 2019;7(2). doi:10.1128/microbiolspec. GPP3-0016-2018.

Dekker JP, Lau AF. An Update on the Streptococcus bovis Group: Classification, identification, and disease associations. J Clin Micro-
biol. 2016;54(7):1694-9. doi:10.1128/JCM.02977-15.

Hughes JM, Wilson ME, Brandt CM, Spellerberg B. Human infections due to Streptococcus dysgalactiae subspecies equisimilis. Clin
Infect Dis. 2009;49(5):766-72. doi:10.1086/605085.

Tabata A, Nakano K, Ohkura K, Tomoyasu T, Kikuchi K, Whiley RA, et al. Novel twin streptolysin S-like peptides encoded in the sag
operon homologue of beta-hemolytic Streptococcus anginosus. J Bacteriol. 2013;195(5):1090-9.

Procop GW, Church DL, Hall GS, Janda WM, Koneman EW, Schreckenberger PC, et al. Gram-positive cocci. In: Koneman's Color
Atlas and Textbook of Diagnostic Microbiology. 7th ed. Philadelphia: Wolters Kluwer; 2017. p.1009-18.

Giuliano S, Rubini G, Conte A, Goldoni P, Falcone M, Vena A, et al. Streptococcus anginosus group disseminated infection: case report
and review of literature. Infez Med. 2012;20(3):145-54.

Keighley MRB, Williams NS, Church JM, Pahlman L, Scholefield JH, Scott NA. Surgery of the Anus, Rectum & Colon. 3rd ed. London:
Saunders; 2008. p.2169-214.

Shinzato T, Saito A. The Streptococcus milleri group as a cause of pulmonary infections. Clin Infect Dis. 1995;21(Suppl 3):S238-43.
doi:10.1093/clind/21.supplement 3.s238.

Pagnossin D, Smith A, Oravcova K, Weir W. Streptococcus canis, the underdog of the genus. Vet Microbiol. 2022;273:109524.
doi:10.1016/j.vetmic.2022.109524.

Taniyama D, Abe Y, Sakai T, Kikuchi T, Takahashi T. Human case of bacteremia caused by Streptococcus canis sequence type 9 har-
boring the scm gene. IDCases. 2017;7:48-52. doi:10.1016/j.idcr.2017.01.002.

Timoney J, Velineni S, Ulrich B, Blanchard P. Biotypes and scm types of isolates of Streptococcus canis from diseased and healthy cats.
Vet Rec. 2017;180(14):358.

Wente N, Kromker V. Streptococcus dysgalactiae-contagious or environmental? Animals (Basel). 2020;10(11):2185.
doi:10.3390/ani10112185.

Wente N, Grieger AS, Klocke D, Paduch JH, Zhang Y, Leimbach S, et al. Recurrent mastitis—persistent or new infections? Vet Microbiol.
2020;244:108682. doi:10.1016/j.vetmic.2020.108682.

Alves-Barroco C, Caco J, Roma-Rodrigues C, Fernandes AR, Bexiga R, Oliveira M, et al. New insights on Streptococcus dysgalactiae
subsp. dysgalactiae isolates. Front Microbiol. 2021;12:686413. doi:10.3389/fmicb.2021.686413.

Nathan B, Pillai V, Ayyan SM, Ss A, Prakash Raju KNJ. Streptococcus dysgalactiac subspecies dysgalactiae infection presenting with
septic shock. Cureus. 2021;13(1):e12465. doi:10.7759/cureus.12465.

Martini AM, Moricz BS, Ripperger AK, Tran PM, Sharp ME, Forsythe AN, et al. Association of novel Streptococcus sanguinis virulence
factors with pathogenesis in a native valve infective endocarditis model. Front Microbiol. 2020;11:10. doi:10.3389/fmicb.2020.00010.

Paik S, Senty L, Das S, Noe JC, Munro CL, Kitten T. Identification of virulence determinants for endocarditis in streptococcus sanguinis
by signature-tagged mutagenesis. Infect Immun. 2005;73(9):6064-74. doi:10.1128/1A1.73.9.6064-6074.2005.

Zhu B, Macleod LC, Kitten T, Xu P. Streptococcus sanguinis biofilm formation & interaction with oral pathogens. Future Microbiol.
2018;13(8):915-32. doi:10.2217/fmb-2018-0043.

Duarte RS, Barros RR, Facklam RR, Teixeira LM. Phenotypic and genotypic characteristics of Streptococcus porcinus isolated from
human sources. J Clin Microbiol. 2005;43(9):4592-601. doi:10.1128/JCM.43.9.4592-4601.2005.

Agnew W, Barnes AC. Streptococcus iniae: An aquatic pathogen of global veterinary significance and a challenging candidate for reliable
vaccination. Vet Microbiol. 2007;122(1-2):1-15. doi:10.1016/j.vetmic.2007.03.002.

Nho SW, Shin GW, Park SB, Jang HB, Cha IS, Ha MA, et al. Phenotypic characteristics of Streptococcus iniae and Streptococcus
parauberis isolated from olive flounder (Paralichthys olivaceus). FEMS Microbiol Lett. 2009;293(1):20-7. doi:10.1111/j.1574-
6968.2009.01491.x.

Cetera V, Cantinotti M, Barberi E, Pak V. Huge, invasive, and destructive Abiotrophia defectiva endocarditis of the aortic valve and the
aortic wall: a case report of an emergency but successful Ross-Konno operation in a child. Eur Heart J Case Rep. 2024;8(8):ytae356.
doi:10.1093/ehjcr/ytae356.

Pagotto A, Campanile F, Conti P, Prataviera F, Della SP, Flammini S, et al. An aminoglycoside-sparing regimen with double Beta-lactam
to successfully treat Granulicatella adiacens prosthetic aortic valve endocarditis-time to change paradigm? Infect Dis Rep.
2024;16(2):249-59. doi:10.3390/idr16020020.

Gupta S, Garg M, Misra S, Singhal S. Granulicatella adiacens abscess: Two rare cases and review. J Lab Physicians. 2018;10(1):121-3.
doi:10.4103/JLP.JLP 58 17.

Saad E, Tummala A, Agab M, Rodriguez-Nava G. Gemella morbillorum as the culprit organism of post-colonoscopy necrotizing perineal
soft tissue infection in a diabetic patient with Crohn's disease. J Med Cases. 2022;13(3):99-103. doi:10.14740/jmc3896.

DOI: 10.26855/abr.2024.12.005 95 Advance in Biological Research



.Singh et al.

[59]

[64]

[65]

[66]

[67]

Numberger D, Siebert U, Valentin Weigand P. Survival and adaptation of Streptococcus phocae in host environments. PLoS One.
2024;19(1):¢0296368. doi:10.1371/journal.pone.0296368.

Nikolaisen NK, Lindegaard M, Lyhs U, Strube ML, Hansen MS, Struve T, et al. First finding of Streptococcus phocae infections in mink
(Neovison vison). Res Vet Sci. 2021;139:145-51. do0i:10.1016/j.rvsc.2021.07.015.

Hyink O, Balakrishnan M, Tagg JR. Streptococcus rattus strain BHT produces both a class I two-component lantibiotic and a class II
bacteriocin. FEMS Microbiol Lett. 2005;252(2):235-41. doi:10.1016/j.femsle.2005.09.003.

Kaci G, Goudercourt D, Dennin V, Pot B, Doré J, Ehrlich SD, et al. Anti-inflammatory properties of Streptococcus salivarius, a com-
mensal bacterium of the oral cavity and digestive tract. Appl Environ Microbiol. 2014;80(3):928-34. doi:10.1128/AEM.03133-13.

Vinciguerra M, Santamaria V, Romiti S, D'Abramo M, Toto G, De Bellis A, et al. Case report: Streptococcus alactolyticus as a rare
pathogen of mitral endocarditis. Front Cardiovasc Med. 2021;8:648213. doi:10.3389/fcvm.2021.648213.

Beighton D, Hayday H, Russell RRB, Whiley RA. Streptococcus macacae sp. nov. from dental plaque of monkeys (Macaca fascicularis).
Int J Syst Evol Microbiol. 1984;34(3):332-5. doi:10.1099/00207713-34-3-332.

Singh BR, Chandra M, Agri H, Karthikeyan R, Yadav A, Jayakumar V. Mammaliicoccus sciuri and M. lentus emerging as cause of lethal
infections in animals and birds. Acta Botanica Plantae. 2024:12-8. doi:10.51470/ABP.2024.03.03.12.

Singh BR, Agri H, Yadav A, Jayakumar V, Pawde AM. Comparative herbal and conventional antimicrobial susceptibility patterns of
methicillin-resistant (MR) and methicillin-susceptible (MS) staphylococci of clinical and environmental origin. Acta Botanica Plantae.
2024:1-11. doi:10.51470/ABP.2024.03.03.01.

Costinar L, Badea C, Marcu A, Pascu C, Herman V. Multiple drug resistant Streptococcus strains-an actual problem in pig farms in
Western Romania. Antibiotics (Basel). 2024;13(3):277. doi:10.3390/antibiotics13030277.

Pompilio A, Di Bonaventura G, Gherardi G. An Overview on Streptococcus bovis/Streptococcus equinus complex isolates: Identification
to the species/subspecies level and antibiotic resistance. Int J Mol Sci. 2019;20(3):480. doi:10.3390/ijms20030480.

Bhardwaj M, Singh BR, Sinha DK, Vadhana P, Vinodhkumar OR, Singh SV, et al. Potential of herbal drug and antibiotic combination
therapy: A new approach to treat multidrug-resistant bacteria. Pharm Anal Acta. 2016;7(11):1-4. doi:10.4172/2153-2435.1000523.

Prasanna V, Singh BR, Bhardwaj M, Singh SV. Emergence of herbal antimicrobial drug resistance in clinical bacterial isolates. Pharm
Anal Acta. 2015;6:434. doi:10.4172/21532435.1000434.

Kumar A, Singh BR, Prakash SNJ, Kumar S, Bhagirathi, Ahuja D, et al. Study of antimicrobial efficacy of Garlic oil loaded ethosome
against clinical microbial isolates of diverse origin. J Herb Med. 2024;43:100884. doi:10.1016/j.hermed.20s23.100824.

DOI:

10.26855/abr.2024.12.005 96 Advance in Biological Research



