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Abstract
This work aimed to evaluate the effects of CasuL on growth and viability of 15 mastitis 
isolates from cows and goats, to determine the synergistic potential between CasuL 
and antibiotics, and to investigate the effects on bacterial ultrastructure and antibi‐
ofilm activity. The lectin inhibited the growth of Staphylococcus isolates from either 
bovine (Ssp6PD and Sa) or caprine (Ssp5D and Ssp01) mastitis. The minimal inhibitory 
concentrations were ranged from 3.75 to 15 µg/ml. Synergistic effect was observed 
for CasuL‐tetracycline against Sa and Ssp6PD and CasuL‐ampicillin against Ssp01. No 
structural damage was observed under the scanning electron microscope in CasuL 
treatments. Flow cytometry analysis using thiazol orange and propidium iodide dem‐
onstrated that CasuL was unable to reduce the cell viability of the isolates tested. 
At sub‐inhibitory concentrations, CasuL reduced biofilm formation by the isolates Sa 
and Ssp5D. However, CasuL‐tetracycline and CasuL‐ampicillin combinations inhibited 
biofilm formation by Ssp6PD and Ssp01, respectively. In conclusion, CasuL is a bac‐
teriostatic and antibiofilm agent against some mastitis isolates and displayed a syner‐
gistic potential when used in combination with either ampicillin (against one isolate) 
or tetracycline (against two isolates). The results stimulate the evaluation of CasuL 
for the treatment of mastitis, particularly when used in conjunction with antibiotics.
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1  | INTRODUC TION

Mastitis is an infection that is caused by certain microorganisms 
that are present in the mammary glands. It leads to functional im‐
pairment resulting from the destruction of milk‐producing tissues 

(Mushtaq et al., 2018; Schroeder, 1997). Reduced milk production 
caused by cases of mastitis in bovines and caprines has an enor‐
mous economic impact on the dairy industry (Guimarães et al., 
2017). The presence of enterotoxins in milk and the spread of an‐
tibiotic‐resistant microorganisms are further problems associated 
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with cases of mastitis (Scali, Camussone, Calvinho, Cipolla, & 
Zecconi, 2015).

Although fungi, viruses, and algae can cause mastitis, bacte‐
ria are responsible for the highest infection rates in the mammary 
glands of cows and goats (Costa, 1991; Spanamberg, Sanches, 
Santurio, & Ferreiro, 2009). Staphylococcus aureus is one of the 
main causes of clinical and subclinical mastitis (Klein et al., 2015; 
Peixoto, França, Souza Júnior, Veschi, & Costa, 2010; Zadoks & 
Fitzpatrick, 2009). However, other bacteria such as streptococci, 
Escherichia coli, and Klebsiella pneumoniae are also responsible for 
this infection (Contreras & Rodríguez, 2011). Mastitis treatment 
and prevention consists mainly of the use of antibiotics and proper 
animal handling to prevent the spread of the disease to healthy 
animals. However, the use of antibiotics requires caution in order 
to avoid the emergence of resistant bacteria (Costa et al., 2013; 
Moritz & Moritz, 2016). Krewer et al. (2013) found simultaneous 
resistance to three or more antibiotics in 65.6% of Staphylococcus 
isolates that cause mastitis.

Biofilms are complex and structured communities of microor‐
ganisms enclosed in a self‐produced polymeric matrix that con‐
tains exopolysaccharides, proteins, teichoic acids, enzymes, and 
extracellular DNA (Klein et al., 2015). Biofilms give these microor‐
ganisms protection against environmental adversities and a higher 
tolerance (10–1,000 times) to antibiotics as compared to plank‐
tonic forms (Cerca et al., 2005; Kumar, Alam, Rani, Ehtesham, & 
Hasnain, 2017). It is believed that biofilm development may con‐
tribute to the low efficacy of certain therapies used in bovine 
mastitis treatment, as well as to the difficulties of treating recur‐
rent infections (Martins et al., 2016; Melchior, Vaarkamp, & Fink‐
Gremmels, 2006).

Lectins are proteins of non‐immunological origin that bind spe‐
cifically and reversibly to free or conjugated carbohydrates. These 
proteins have significant antibacterial potential which is attributed 
to their ability to bind molecules present in the surface of gram‐pos‐
itive and gram‐negative cells, leading to damage to the cell wall, loss 
of metabolic stability, inhibition of cell growth, and reduction in cell 
viability (Procópio, Moura, et al., 2017). Lectins can also interfere 
with adhesion and invasion of host cells by bacteria (Silva et al., 
2016). Finally, lectins have been reported to be able to both prevent 
biofilm formation and eradicate already established biofilms (Moura 
et al., 2015; Moura, Trentin, et al., 2017).

CasuL is a thermo‐stable and acidic lectin that was previously 
isolated from the leaf pinnulae of Calliandra surinamensis (“pink 
powder puff,” “pompon du marin,” or “esponjinha‐rosa”). This lectin 
displayed cytotoxic activity against human cancer cells, fungistatic, 
and fungicidal effects on Candida krusei, and bacteriostatic and an‐
tibiofilm properties against human pathogenic bacteria (Procópio, 
Patriota, et al., 2017).

In view of a previous report on the antibacterial effects of CasuL 
and the problems associated with bovine and caprine mastitis, this 
work aimed to evaluate the bacteriostatic and bactericide effects of 
CasuL on fifteen mastitis isolates, to determine the synergistic po‐
tential between CasuL and commercially available antibiotics, and to 

investigate the effects of CasuL alone or combined with antibiotics 
on bacterial ultrastructure and antibiofilm activity.

2  | MATERIAL S AND METHODS

2.1 | Lectin purification

Calliandra surinamensis leaves were collected at Recife (Pernambuco, 
Brazil) and dried for 2  weeks at 28ºC. Plant collection was per‐
formed under authorization (36,301) of the Instituto Chico Mendes 
de Conservação da Biodiversidade (ICMBio). The access was recorded 
(A2E872B) in the Sistema Nacional de Gestão do Patrimônio Genético 
e do Conhecimento Tradicional Associado (SisGen). The pinnulae were 
then detached and ground using a blender. CasuL was then purified 
from the pinnulae powder according to the protocol described by 
Procópio, Patriota, et al. (2017). Briefly, an extract was prepared by 
suspending 10 g of the powder in 100 ml of 0.15 mol/L NaCl with 
magnetic stirring for 16 hr, followed by filtration and centrifugation 
(12,000 g, 15 min, 4ºC). The extract was then treated with ammonium 
sulfate at 60% saturation (Green & Hughes, 1955) and the precipi‐
tated fraction obtained was dialyzed against distilled water (4 hr) and 
0.15 mol/L NaCl (4 hr), and then loaded onto a Sephadex G‐75 column 
(30.0 × 1.0 cm) equilibrated with 0.15 mol/L NaCl. Elution was moni‐
tored by absorbance at 280  nm and CasuL was recovered in frac‐
tions 9–15. Isolated CasuL was exhaustively dialyzed (6 hr, two liquid 
changes) against distilled water before use in the antibacterial assays.

2.2 | Protein concentration

Protein concentration was determined according to Lowry, 
Rosebrough, Farr, and Randall (1951) using bovine serum albumin 
(31.25–500 µg/ml) as the standard.

2.3 | Hemagglutinating activity

The hemagglutinating activity (HA) assay was used to determine 
the carbohydrate‐binding ability of CasuL. A 2.5% (v/v) suspension 
of glutaraldehyde‐treated rabbit erythrocytes in 0.15 mol/L NaCl 
was used. The Ethics Committee on Animal Use of the Universidade 
Federal de Pernambuco approved the method that was used to col‐
lect erythrocytes (process 23076.033782/2015‐70). The HA was 
determined as described by Procópio, Patriota, et al. (2017) and the 
number of HA units was determined as the reciprocal of the high‐
est dilution of the lectin that was able to agglutinate erythrocytes. 
Specific HA was calculated by determining the ratio of HA to pro‐
tein concentration (mg/ml). An HA inhibitory assay was performed 
by incubating CasuL for 15 min with fetuin prior to the addition of 
erythrocyte suspension.

2.4 | Bacterial isolates

Fifteen mastitis bacterial strains isolated from goats and cows 
(Table 1) were obtained from the collection maintained by the 
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Laboratório de Tecnologia de Bioativos of the Departamento de 
Morfologia e Fisiologia Animal from the Universidade Federal Rural 
de Pernambuco. The majority of the isolates tested belonged to the 
Staphylococcus genus (S.  aureus, Sa; Staphylococcus sp., Ssp). One of 
the isolates belonged to the Corynebacterium genus and one of the 
isolates was an Escherichia coli strain. The stock cultures were main‐
tained at −20ºC in sterile Mueller Hinton Broth (MHB) with 10% (v/v) 
glycerol. For use in the assays, the bacteria were cultured in Mueller 
Hinton Agar (MHA) overnight at 37°C and the culture density was 
adjusted turbidimetrically at 600 nm (OD600) to 1 × 108 colony form‐
ing units (CFU) per ml in sterile 0.15 mol/L NaCl. This suspension was 
subsequently diluted in saline solution to 1 × 106 CFU/ml to yield 
approximately 1 × 105 CFU/ml as the final concentration used in the 
antibacterial assay described below.

2.5 | Determination of minimal inhibitory and 
bactericidal concentrations

The broth microdilution assay was used to determine minimal in‐
hibitory concentrations (MIC) and minimal bactericidal concentra‐
tions (MBC) values. First, a twofold serial dilution of either CasuL 
(37.50 µg/ml) or antibiotic (8.00 µg/ml) in 80 μl of distilled water was 
performed in a row of a 96‐well microplate. Distilled water (80 μl) 
was used in the 100% growth control. Next, 40 μl of MHB and 80 µl 
of bacterial inoculum (in saline) was added. The final concentrations 
of CasuL in the wells ranged from 0.03 to 15.00  µg/ml. A steril‐
ity control contained only medium was also made. The OD600 was 
measured at time zero and following incubation at 37ºC for 24 hr. 

The MIC was determined as the lowest sample concentration that 
was able to promote a reduction of OD600 by 50% or higher in com‐
parison with the 100% growth control (Amsterdam, 1996). Each 
assay was performed in duplicate and three independent experi‐
ments were performed.

To determine the MBC, the supernatants from each well con‐
taining CasuL at concentration ≥ MIC were smeared onto MHA me‐
dium and the plates were then incubated for 24 hr at 37ºC. The MBC 
corresponded to the lowest sample concentration that was able to 
reduce the number of CFU in 99.9% in comparison with the initial 
inoculum.

2.6 | Synergism assay

Possible synergistic effects between CasuL and antibiotics (ampicil‐
lin or tetracycline) were evaluated using the method described by 
Pillai, Moellering, and Eliopoulos (2005). Lectin‐susceptible isolates 
(Sa, Ssp6PD, Ssp5D, and Ssp01) were tested in the assays. Each ex‐
periment corresponded to two rows of a 96‐well microplate. CasuL 
was added (80 µl) to the fourth well of the first row and a serial two‐
fold dilution in sterile Milli‐Q water was performed until the penulti‐
mate well of the second row. Next, the antibiotic was added (80 µl) 
to the penultimate well of the second row and a two‐fold serial dilu‐
tion was carried out in the opposite direction until the fourth well 
of the first row. The third well of the first row contained only CasuL 
and the last well of the second row contained only the drug. Forty 
microlitre of MHB was added to all wells, except the first, which con‐
tained 200 µl of culture medium and served as a sterility control. 
The second well corresponded to the 100% growth control. The 
final concentrations of CasuL in the wells ranged from MIC/262,144 
(penultimate well of second row) to 2 × MIC (third well of the first 
row). The final concentrations of the drug in the wells ranged from 
MIC/262,144 (fourth well of the first row) to 2 × MIC (last well of 
the second row). Each well, except the first, was inoculated with mi‐
crobial suspension (80 µl at 105 CFU/ml) and incubated at 37ºC. The 
experiment was monitored by measuring the OD600 at time zero and 
after 24 hr. An evaluation of the interaction between the different 
treatments was performed by determining the fractional inhibitory 
concentration index (FICI), as follows: FICI = (MIC of CasuL in combi‐
nation/MIC of CasuL alone) + (MIC of antibiotic in combination/MIC 
of antibiotic alone). The combinations were classified as synergistic 
(FICI ≤ 0.5), additive (0.5 < FICI ≤ 1), indifferent (1 < FICI ≤ 2), or 
antagonistic (FICI > 2).

2.7 | Growth curves

Six‐hour growth curves were determined for CasuL‐sensitive isolates 
using either the lectin alone, or synergic combinations of CasuL with 
antibiotics. This assay was performed in 96‐well microtiter plates ac‐
cording to Gaidamashvili and Van Staden (2002). Eighty microlitre of 
the inoculums (106 CFU/ml) in the exponential growth phase were 
incubated with 40 µl of MHB and 80 µl of the lectin, ampicillin, or 
tetracycline (at MIC), or with a synergic combination. In the 100% 

TA B L E  1   Mastitis isolates and minimum inhibitory concentration 
(MIC) values of CasuL, ampicillin and tetracycline

Isolates

MIC (µg/ml)

CasuL Ampicillin Tetracycline

Bovine mastitis

CORY (Corynebacterium sp.) ND ND 0.25

Ec (Escherichia coli) ND 4.00 0.12

Sa (Staphylococcus aureus) 3.75 8.00 0.50

Ssp13PD (Staphylococcus sp.) ND 0.12 0.12

Ssp18PE (Staphylococcus sp.) ND 0.50 8.00

Ssp5PE (Staphylococcus sp.) ND 0.12 ND

Ssp6PD (Staphylococcus sp.) 3.75 4.00 2.00

Caprine mastitis

Sa24 (Staphylococcus aureus) ND 8.00 0.50

Ssp01 (Staphylococcus sp.) 15.00 0.50 1.00

Ssp02 (Staphylococcus sp.) ND ND 2.00

Ssp310 (Staphylococcus sp.) ND 8.00 0.12

Ssp48 (Staphylococcus sp.) ND 0.12 ND

Ssp5D (Staphylococcus sp.) 3.75 ND 4.00

Ssp601 (Staphylococcus sp.) ND 0.50 ND

Ssp9 (Staphylococcus sp.) ND 0.50 4.00

Abbreviation: ND, not detected.
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growth control, sterile distilled water (negative control) was used in‐
stead of CasuL. The plates were incubated at 37ºC and the OD600 

was measured every hour.

2.8 | Scanning electron microscopy

Three‐dimensional images of bacterial cells were obtained by 
Scanning electron microscopy (SEM). The cells (1.2 ml; 106 CFU/ml) 
were incubated with MHB (0.6 ml) and 400 µl of CasuL (at MIC), 
CasuL‐antibiotic synergic combination, or distilled water (negative 
control). After incubation (24 hr at 37°C), the samples were centri‐
fuged (300 g; 10 min, 25°C) and the cell pellet was washed three 
times with 0.1 mol/L phosphate‐buffered saline (PBS) pH 7.0, fol‐
lowed by three washings in 0.1 mol/L cacodylate buffer, and then 
fixation in 2.5% glutaraldehyde/4% paraformaldehyde/5  mmol/l 
CaCl2 in 0.1 mol/L cacodylate buffer pH 7.2 for 30 min at 28ºC. The 
cells were then allowed to adhere to stubs (Ø 12.7 mm, 9 mm length; 
Ted Pella Inc., Redding, CA) and postfixed for 1 hr with 1% osmium 
tetroxide/0.8% potassium ferricyanide/5 mmol/L CaCl2 in 0.1 mol/L 
cacodylate buffer, pH 7.2. The cells were dehydrated in graded ac‐
etone, critical‐point‐dried with CO2, coated with a 20 nm‐thick gold 
layer, and observed with a Quanta 200F (FEI Company, Hilsboro, 
OR) scanning electron microscope.

2.9 | Cell viability analysis

The viability of bacterial cells treated with CasuL was evaluated 
using the Cell Viability Kit of BD Biosciences (San Jose, CA). The iso‐
lates were incubated with the lectin at the MIC as described above. 
The negative control was prepared by adding distilled water instead 
of CasuL. For the positive control, cells were treated with 70% (v/v) 
isopropyl alcohol for 1  hr. Following incubation (24  hr, 37°C), the 
samples were centrifuged (300  g, 10 min, 25°C) and the cell pel‐
lets were washed three times with 0.1  mol/L PBS pH 7.0. Next, 
42 µmol/L thiazole orange (5 µl) and 4.3 mmol/L propidium iodide 
(5 µl) was added to the assays, which was vortexed and incubated 
for 5 min at 25ºC. Next, 50 μl of a fluorescent bead suspension (BD 
Liquid Counting Beads) was added, and the mixture was vortexed for 
30 s. Data acquisition was performed in a BD Accuri C6 cytometer 
(BD Biosciences) with an SSC threshold of 200 and stopped after 
gating 20,000 events for each sample. Analysis was performed in 
the BD Accuri C6 Software.

2.10 | Antibiofilm assay

Forty microlitre of MHB medium, 80 µl of ultrapure Milli‐Q water 
(negative control) or 80 µl of CasuL (1/8, 1/4, 1/2, and 1 × MIC, in 
Milli‐Q water), and 80 µl of the bacterial suspension (108 CFU/ml 
in saline) were added to each well of a 96‐well polystyrene micro‐
plate. The OD600 was recorded at this time and the microplate was 
further incubated at 37°C for 24  hr. After this period, the OD600 
was read again, the content of the wells was removed, and the plate 
wells were washed three times with saline solution. The remaining 

attached cells were heat‐fixed at 50°C for 60 min. They were then 
fixed with absolute methanol for 30 min and stained with 0.4% (w/v) 
crystal violet for 25 min at 25°C. After washing with water, the stain 
bound to the biofilm was solubilized with absolute ethanol (25‐min 
incubation) and the absorbance was measured at 570 nm (Trentin et 
al., 2011). Tetracycline and/or ampicillin (1/8, 1/4, 1/2, and 1 × MIC, 
in Milli‐Q water) was used as positive control. In addition, the syn‐
ergic combinations (regarding bacteriostatic effects) were evaluated 
for their antibiofilm effect. Three independent experiments were 
performed in triplicate.

2.11 | Statistical analysis

The data were expressed as the mean or the percent mean  ± SD 
and statistical differences were determined using Tukey’s test. A 
p < 0.05 was considered to be statistically significant.

3  | RESULTS

CasuL was isolated according to the protocol previously established 
by Procópio, Patriota, et al. (2017). The isolated lectin showed a 
specific HA of 1,420.0 and was inhibited by fetuin, as in the pre‐
vious report, confirming that the carbohydrate‐binding activity of 
the sample was effective. CasuL was able to inhibit the growth of 
four isolates. The MIC values are presented in Table 1 and ranged 
from 3.75 to 15.0 µg/ml. It was not possible to determine the MBC 
as none of the concentrations tested prevented bacterial growth in 
agar. The MIC values for the reference drugs (ampicillin and tetra‐
cycline) are also shown in Table 1. Eight isolates were found to lack 
sensitivity to at least one of the antibiotics.

The potential synergy between CasuL and antibiotics was eval‐
uated, and the results are shown in Tables 2 and 3. A synergistic 
effect was observed for the combination CasuL‐ampicillin against 
the isolate Ssp01 (Table 2) and for the combination CasuL‐tetracy‐
cline against the isolates Sa and Ssp6PD (Table 3). An additive ef‐
fect was observed against the isolate Ssp5D, while antagonism was 
observed for the combinations CasuL‐ampicillin and CasuL‐tetracy‐
cline, against the strains Sa and Ssp01, respectively.

Six‐hour growth curves were determined for the lectin‐sensi‐
tive isolates in the absence and presence of either CasuL or antibi‐
otics (Figure 1). When incubated with the lectin, all of the isolates 
grew similar to the negative control (100% growth), indicating that 
the bacteriostatic effect only appears later on (after the 6‐hr pe‐
riod evaluated). The presence of tetracycline and ampicillin led to 
a reduction in the growth of the Sa isolate at 3  hr of incubation 
(Figure 1a), while the isolate Ssp6PD had its growth reduced after 
5 hr of incubation with both antibiotics (Figure 1b). For the isolate 
Ssp01, neither antibiotic showed any inhibitory effect in the first 
6 hr of incubation (Figure 1c), similar to CasuL. Finally, for the isolate 
Ssp5D, tetracycline was shown to be able to inhibit growth from the 
fourth hour of incubation on ward (Figure 1d). This isolate was not 
sensitive to ampicillin.
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Growth curves for synergistic combinations of CasuL and anti‐
biotics were also determined in order to analyze whether the time–
effect relationship of these antibacterial agents could be improved 
when combined. Figure 2a shows that the growth of isolate Sa was 
reduced by treatment with the CasuL‐tetracycline combination for 
4 hr. For the isolates Ssp01 (Figure 2b) and Ssp6PD (Figure 2c), treat‐
ment with the combinations CasuL‐ampicillin and CasuL‐tetracycline 
did not result in an inhibition of growth within short incubation 
periods.

To determine whether CasuL acts by disrupting the integrity of 
bacterial cell surface, the isolates were incubated with the lectin at 
either the respective MIC, or with synergic combinations of CasuL 
with either tetracycline or ampicillin. The cells were then visualized 
by SEM. Figure 3 shows a reduction in cell number and cells under 
incomplete division following treatment with CasuL. However, no 
bacterial surface alteration was observed following treatment with 
either CasuL or with the CasuL‐antibiotic combinations in compari‐
son with the negative control.

The results of SEM prompted us to evaluate whether CasuL, in 
spite of the absence of structural damage, could be affecting bacterial 
viability. Flow cytometry analysis was performed using the dye thiazol 
orange to stain all bacterial cells and propidium iodide to stain nonvi‐
able cells. The results demonstrate that CasuL did not reduce the cell 
viability of all the four isolates. The mean fluorescence of propidium 

iodide (FL3 channel) of lectin‐treated cells was similar to that of the 
negative control while cells incubated with positive control (isopropyl 
alcohol) were intensely stained by this probe (Figure 4).

Biofilm formation by the Sa isolate was reduced by approximately 
30.0% by treatment with CasuL at 1/2 × MIC and MIC (Figure 5a) 
and by up to 60.0% following treatment with ampicillin (Figure 5c) 
but was not affected by treatment with tetracycline (Figure 5b).
Treatment with the synergic combination CasuL‐tetracycline led to a 
26.0% decrease in biofilm development (Figure 5d).

Treatment with CasuL led to an increase in biofilm development 
by isolate Ssp6PD at all of the concentrations tested (Figure 5e). 
Neither of the commercial antibiotics was found to act as antibio‐
film compounds against Ssp6PD, also, stimulating biofilm formation 
(Figure 5f,g). Interestingly, the combination, CasuL‐tetracycline, in‐
hibited biofilm formation by almost 60.0% (Figure 5h).

Antibiofilm activity was not observed following treatment of the 
isolate Ssp01 with CasuL (Figure 5i). While tetracycline was found 
to stimulate biofilm development (Figure 5j), ampicillin had no effect 
(Figure 5k). Similar to the result observed for the isolate Ssp6PD, the 
CasuL‐ampicillin combination showed an antibiofilm effect, inhibit‐
ing formation by approximately 35.0% (Figure 5l). CasuL also reduced 
biofilm formation by isolate Ssp5D from 1/4 × MIC (Figure 5m) and 
tetracycline reduced biofilm formation at all of the concentrations 
tested (Figure 5n).

TA B L E  2  Evaluation of antimicrobial activity of CasuL in combination with ampicillin against Staphylococcus isolates from bovine and 
caprine mastitis

Isolate

MIC (µg/ml)

FICI Effect

Alone In CasuL + ampicillin combination

CasuL Ampicillin CasuLa Ampicillina

Sa (Staphylococcus aureus) 3.75 8.00 ND ND NC Antagonistic

Ssp6PD (Staphylococcus sp.) 3.75 4.00 3.00 × 10−5 8.00 2.00 Indifferent

Ssp01 (Staphylococcus sp.) 15.00 0.50 1.83 × 10−3 1.56 × 10−2 0.03 Synergistic

Note:: Classification: synergistic (FICI ≤ 0.5), additive (0.5 < FICI ≤ 1), indifferent (1 < FICI ≤ 2) or antagonistic (FICI > 2).
Abbreviations: FICI, fractional inhibitory concentration index; MIC, minimum inhibitory concentration; NC, not calculated; ND, not detected.
aThe values correspond to the concentration of CasuL or ampicillin in the microplate well containing both compounds. 

TA B L E  3  Evaluation of antimicrobial activity of CasuL in combination with tetracycline against Staphylococcus isolates from bovine and 
caprine mastitis

Isolate

MIC (µg/ml)

FICI Effect

Alone In CasuL + tetracycline combination

CasuL Tetracycline CasuLa Tetracyclinea

Sa (Staphylococcus aureus) 3.75 0.50 2.30 × 10−4 0.12 0.250 Synergistic

Ssp6PD (Staphylococcus sp.) 3.75 2.00 3.66 × 10−3 3.12 × 10−2 0.016 Synergistic

Ssp01 (Staphylococcus sp.) 15.00 1.00 ND ND NC Antagonistic

Ssp5D (Staphylococcus sp.) 3.75 4.00 6.00 × 10−5 4.0 1.000 Additive

Note: Classification: synergistic (FICI ≤ 0.5), additive (0.5 < FICI ≤ 1), indifferent (1 < FICI ≤ 2) or antagonistic (FICI > 2).
Abbreviations: FICI, fractional inhibitory concentration index; MIC, minimum inhibitory concentration; NC, not calculated; ND, not detected.
aThe values correspond to the concentration of CasuL or ampicillin in the microplate well containing both compounds. 
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4  | DISCUSSION

Mastitis is the most frequent type of inflammation that occurs in 
milk‐producing animals and the disease that has the greatest impact 
on dairy farming (Vliegher, Fox, Piepers, McDougall, & Barkema, 
2012). S.  aureus is the main species of bacteria that causes mastitis 
and its pathogenesis is attributed to a combination of extracellular 
and virulence factors and properties such the ability to form biofilms 
and to develop resistance to antibiotics (Cramton, Gerke, Schnell, 
Nichols, & Götz, 1999; Moormeier & Bayles, 2017; Vancraeynest, 
Hermans, & Haesebrouck, 2004). A previous report on the bacte‐
riostatic and antibiofilm activities of CasuL on human pathogenic 
Staphylococcus saprophyticus and S. aureus isolates (Procópio, 
Patriota, et al., 2017) encouraged us to evaluate whether this lectin 

could exert antibacterial effects on Staphylococcus and other bacte‐
rial isolates from bovine and caprine mastitis.

Combining antimicrobial phytochemicals with commercial drugs 
expands the field for the application of these natural compounds and 
can minimize the impact of pathogen resistance (Lewis & Ausubel, 
2006; Mushtaq et al., 2018). Interestingly, synergy between CasuL 
and tetracycline or ampicillin was observed against some isolates. 
The growth of isolate Sa was reduced by treatment with the CasuL‐
tetracycline synergistic combinations after 4 hr. This result demon‐
strates that the combination was able to affect the bacterial cells 
within a short incubation period, similar to that was observed for the 
antibiotic alone, though at a concentration four times greater.

The antibacterial activity of lectins has previously been associ‐
ated with their ability to bind to peptidoglycans, lipopolysaccharides, 

F I G U R E  1  Growth curves of the 
mastitis isolates Sa (a), Ssp6PD (b), Ssp01 
(c), and Ssp5D (d) in absence or presence 
of CasuL, ampicillin, or tetracycline 
at their respective minimal inhibitory 
concentrations (MIC). The optical density 
(OD) at 600 nm was determined every 
hour for a period of 6 hr. For the negative 
control, cells were treated with distilled 
water instead of antibacterial agent. Data 
are expressed as the mean ± SD. All the 
MIC values can be seen in Table 1

F I G U R E  2  Growth curves of the mastitis isolates Sa (a), Ssp01 (b), and Ssp6PD (c) in absence or presence of CasuL‐tetracyline (a,c) 
or CasuL‐ampicillin (b) synergic combinations. The optical density (OD) at 600 nm was determined every hour for a period of 6 hr. For 
the negative control, cells were treated with distilled water instead of antibacterial agent. Data are expressed as the mean ± SD. The 
concentration of CasuL and antibiotics in the synergic combinations can be seen in Table 2
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and other molecules present in the cell wall, and by interfering with 
cell growth and viability and promoting structural damage (Iordache, 
Ionita, Mitrea, Fafaneata, & Pop, 2015; Procópio, Moura, et al., 2017). 
However, neither CasuL alone nor the synergistic combinations caused 
structural alterations, which agree with a predominant bacteriostatic 
effect.

Indeed, flow cytometry showed that CasuL did not reduce the 
cell viability of all four isolates reinforcing that CasuL probably acts 
by inhibiting the replication of bacterial cells without killing them. 
Bacteriostatic agents and bactericidal drugs are both relevant in many 
clinical situations and can have both disadvantages and advantages 
depending on the particular case. For example, the lytic action of bac‐
tericidal agents may result in an endotoxin surge and the production of 
a large number of cell wall fragments leading to exacerbated inflamma‐
tory reaction. On the other hand, the use of bacteriostatic drugs can 
minimize the risk of exotoxin‐related shock‐syndrome. An example of 
this is the effective use of clindamycin to treat S. aureus infections 
(Pankey & Sabath, 2004).

Biofilm‐forming bacteria are usually highly tolerant to conven‐
tional antibiotics and are often resistant to the host immune response 
(Lebeaux, Ghigo, & Beloin, 2014). Recurrent mastitis infections are 
often attributed to biofilm growth (Melchior et al., 2006). Therefore, 
we evaluated the antibiofilm activity of CasuL alone at inhibitory and 
sub‐inhibitory concentrations as well as the antibiofilm activity of 
CasuL‐antibiotic combinations. CasuL was found to be less effective 
than a C‐type lectin from Bothrops jararacussu (3.12–100.0 µg/ml), 
which inhibited biofilm formation by a S.  aureus isolate from bovine 
mastitis by over 50.0% (Klein et al., 2015).

When used alone, CasuL and commercial antibiotics led to an 
increase in biofilm development by isolates Ssp6PD and Ssp01. It is 
believed that biofilm formation can be used as a defensive strategy 
by bacteria to escape the effects of antimicrobial agents (Moura, 
Napoleão, Paiva, & Coelho, 2017). On the other hand, the combi‐
nations CasuL‐tetracycline and CasuL‐ampicillin showed antibiofilm 
effect. These results are interesting as treatment with these combi‐
nations not only reduced the amount of CasuL and antibiotic required 

F I G U R E  3  Scanning electron microscopy of bacterial cells of the isolates Sa, Ssp6PD, Ssp01, and Ssp5D following exposure to either 
CasuL at the minimal inhibitory concentration (MIC),or to CasuL‐antibiotic synergic combination (except for Ssp5D isolate). For the negative 
control, cells were treated with distilled water instead of antibacterial agent. The synergistic combinations used were as follows: CasuL‐
tetracycline for isolates Sa and Ssp6PD, and CasuL‐ampicillin for the isolate, Ssp01. Reduction in cell number and cells under incomplete 
division can be seen in CasuL treatments, but no bacterial surface alteration was observed following treatments with either lectin or 
with synergic combinations. The MIC values of CasuL can be seen in Table 1. The concentrations of CasuL and antibiotics in the synergic 
combinations can be seen in Table 2
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to inhibit bacterial growth, but also neutralized the biofilm stimulatory 
effect of both the antimicrobial agents. A synergistic effect in antibio‐
film activity was also detected for the antimicrobial peptide coprisin 
when it was applied in combination with the antibiotics ampicillin, van‐
comycin, or chloramphenicol (Hwang et al., 2013).

In conclusion, CasuL displayed bacteriostatic activity against four 
mastitis isolates from the Staphylococcus genus as well as synergistic 
potential against three isolates when given in combination with either 
ampicillin or tetracycline. The antibacterial activity of CasuL does not 
cause structural damage or impairment of cell viability. This correlates 

F I G U R E  4  Analysis of cell viability of 
the isolates Ssp01 (a), Ssp5D (b), Ssp6PD 
(c), and Sa (d) in absence or presence 
of CasuL at the minimal inhibitory 
concentration (MIC) by flow cytometry. 
Cells incubated in absence of lectin 
corresponded to the negative control 
(NC). Isopropyl alcohol (70%, v/v) was 
used as positive control (PC). Overlay 
histograms (at left) shows the distribution 
of unviable cells stained with propidium 
iodide (FL3 channel) in NC, PC and CasuL 
groups. Bar charts (at right) display the 
mean fluorescence in FL3 channel. Data 
are expressed as the mean ±  SD. All the 
MIC values are given in Table 1



     |  9 of 11PROCÓPIO et al.

with the absence of bactericidal action and defines it as a bacterio‐
static drug. At sub‐inhibitory concentrations, CasuL acted as an an‐
tibiofilm agent against S. aureus and one Staphylococcus sp. isolate. It 
is important to highlight that two lectin‐sensitive isolates displayed 
an ability to respond to the presence of an antibacterial compound 
by forming biofilm. However, the CasuL‐antibiotic combinations were 
able to prevent this response. The results of our work suggest that it 
would be worthwhile to carry to further studies to evaluate the in vivo 
effects of CasuL for the treatment of some cases of mastitis, since this 

lectin does not show a broad spectrum of action. Before this, studies 
on the toxicity of CasuL to animals should be performed.

ACKNOWLEDG MENTS

The authors express their gratitude to the Conselho Nacional de 
Desenvolvimento Científico e Tecnológico (CNPq; 446902/2014‐4) for 
research grants and fellowships (LCBBC, RAM, ALFP, PMGP, and 
THN). We would also like to thank the Coordenação de Aperfeiçoamento 

F I G U R E  5  Evaluation of the antibiofilm effect against the isolates Sa (a–d), Ssp6PD (e–h), Ssp01 (i–l), and Ssp5D (m,n) of CasuL(a,e,i,m), 
tetracycline (b,f,j,n) or ampicillin (c,g,k), all at sub‐inhibitory concentrations, as well as of CasuL‐tetracycline (d,h), and CasuL‐ampicillin 
(l) combinations. Different letters indicate significant differences (p < 0.05) between the treatments and the negative control. The 
minimal inhibitory concentrations (MIC) of CasuL and antibiotics are given in Table 1. The concentrations of CasuL and antibiotics in the 
combinations are given in Table 2



10 of 11  |     PROCÓPIO et al.

de Pessoal de Nível Superior (CAPES; Financial Code: 001) and Fundação 
de Amparo à Ciência e Tecnologia do Estado de Pernambuco (FACEPE; 
APQ‐0108‐2.08/14; APQ‐0661‐2.08/15) for their financial support. 
TFP would like to thank FACEPE for the award of graduate scholarship, 
IBPG‐0088‐2.08/14. MCM would like to thank CAPES and FACEPE 
(BCT‐0059‐2.08/18) for the post‐doctoral scholarship.

CONFLIC T OF INTERE S TS

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

TFP, MCM, ALFP, THN conceptualized the study. TFP, MCM, TS, 
THN involved in formal analysis. LCBBC, RPB, RAM, ALFP, PMGP, 
THN obtained funding acquisition. TFP, MCM, EFLB, TS involved in 
investigation. TFP, MCM, EFLC, TS, THN performed the experimental 
methodology. THN involved in project administration. LCBBC, RPB, 
RAM, ALFP, PMGP, THN obtained the resources. TFP, MCM, THN 
visualized the results obtained. TFP, MCM, THN written the original 
draft. ALFP, THN involved in writing, reviewing and editing the draft.

E THIC S S TATEMENT

None required.

DATA ACCE SSIBILIT Y

All data generated or analyzed during this study are included in this 
published article. Raw data are available from the corresponding au‐
thor on reasonable request.

ORCID

Thiago H. Napoleão   https://orcid.org/0000-0002-0065-2602 

R E FE R E N C E S

Amsterdam, D. (1996). 1996. Susceptibility testing of antimicrobials in 
liquid media. In V. Lorian (Ed.), Antibiotics in laboratory medicine (pp. 
52–111). Baltimore, MD: Williams & Wilkins.

Cerca, N., Martins, S., Cerca, F., Jefferson, K. K., Pier, G. B., Oliveira, R., & 
Azeredo, J. (2005). Comparative assessment of antibiotic susceptibil‐
ity of coagulase‐negative staphylococci in biofilm versus planktonic 
culture as assessed by bacterial enumeration or rapid XTT colorime‐
try. Journal of Antimicrobial Chemotherapy, 56, 331–336. https​://doi.
org/10.1093/jac/dki217

Contreras, G. A., & Rodríguez, J. M. (2011). Mastitis: Comparative etiology 
and epidemiology. Journal of Mammary Gland Biology and Neoplasia, 
16, 339–356. https​://doi.org/10.1007/s10911-011-9234-0

Costa, E. O. (1991). Importância econômica da mastite infecciosa 
bovina. Revista Da Faculdade De Medicina Veterinária E Zootecnia Da 
Universidade De São Paulo, 1, 21–26.

Costa, G. M., Barros, R. A., Custódio, D. A. C., Pereira, U. P., Figueiredo, D. 
J., & Silva, N. (2013). Resistência a antimicrobianos em Staphylococcus 
aureus isolados de mastite em bovinos leiteiros de Minas Gerais, 

Brasil. Arquivos do Instituto Biológico, 80, 297–302. https​://doi.
org/10.1590/S1808-16572​01300​0300006

Cramton, S. E., Gerke, C., Schnell, N. F., Nichols, W. W., & Götz, F. (1999). 
The intercellular adhesion (ica) locus is present in Staphylococcus au‐
reus and is required for biofilm formation. Infection & Immunity, 67, 
5427–5433.

Gaidamashvili, M., & van Staden, J. (2002). Interaction of lectin‐like pro‐
teins of South African medicinal plants with Staphylococcus aureus and 
Bacillus subtilis. Journal of Ethnopharmacology, 80, 131–135. https​:// 
doi.org/10.1016/S0378-8741(02)00011-9

Green, A. A., & Hughes, L. (1955). Protein fractionation on the basis 
of solubility in aqueous solution of salts and organic solvents. In S. 
Colowick, & N. Kaplan (Eds.), Methods in enzymology (pp. 67–90). New 
York, NY: Academic Press.

Guimarães, J. L. B., Brito, M. A. V. P., Lange, C. C., Silva, M. R., Ribeiro, J. 
B., Mendonça, L. C., … Souza, G. N. (2017). Estimate of the economic 
impact of mastitis: A case study in a Holstein dairy herd under tropi‐
cal conditions. PreventiveVeterinaty Medicine, 142, 46–50. https​://doi.
org/10.1016/j.preve​tmed.2017.04.011

Hwang, I.‐S., Hwang, J.‐S., Hwang, J. H., Choi, H., Lee, E., Kim, Y., & Lee, 
D. G. (2013). Synergistic effect and antibiofilm activity between the 
antimicrobial peptide coprisin and conventional antibiotics against 
opportunistic bacteria. CurrentMicrobiology, 66, 56–60. https​://doi.
org/10.1007/s00284-012-0239-8

Iordache, F., Ionita, M., Mitrea, L. I., Fafaneata, C., & Pop, A. (2015). 
Antimicrobial and antiparasitic activity of lectins. Current. 
Pharmaceutical Biotechnology, 16, 152–161.

Klein, R. C., Fabres‐Klein, M. H., Oliveira, L. L., Feio, R. N., Malouin, F., 
& Ribon, A. O. B. (2015). A C‐type lectin from Bothrops jararacussu 
venom disrupts Staphylococcal biofilms. PLoS ONE, 10, e0120514. 
https​://doi.org/10.1371/journ​al.pone.0120514

Krewer, C. C., Lacerda, I. P. S., Amanso, E. S., Cavalcante, N. B., Peixoto, R. 
M., Júnior, J. W. P., … Mota, R. A. (2013). Etiology, antimicrobial sus‐
ceptibility profile of Staphylococcus spp. and risk factors associated 
with bovine mastitis in the states of Bahia and Pernambuco. Pesquisa 
Veterinária Brasileira, 33, 601–606. https​://doi.org/10.1590/S0100-
736X2​01300​0500009

Kumar, A., Alam, A., Rani, M., Ehtesham, N. Z., & Hasnain, S. E. (2017). 
Biofilms: Survival and defense strategy for pathogens. International 
Journal of Medical Microbiology, 307, 481–489. https​://doi.
org/10.1016/j.ijmm.2017.09.016

Lebeaux, D., Ghigo, J. M., & Beloin, C. (2014). Biofilm‐related infections: 
Bridging the gap between clinical management and fundamental aspects 
of recalcitrance toward antibiotics. Microbiology and Molecular Biology 
Reviews, 78, 510–543. https​://doi.org/10.1128/MMBR.00013-14

Lewis, K., & Ausubel, F. M. (2006). Prospects for plant‐derived antibacte‐
rials. Nature Biotechnology, 24, 1504–1507. https​://doi.org/10.1038/
nbt12​06-1504

Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951). Protein 
measurement with the Folin phenol reagent. Journal of Biological 
Chemistry, 193, 265–275.

Martins, T., Rosa, A. F., Castelani, L., Miranda, M. S., Arcaro, J. R. P., & 
Pozzi, C. R. (2016). Intramammary treatment with gentamicin in lac‐
tating cows with clinical and subclinical mastitis. Pesquisa Veterinária 
Brasileira, 36, 283–289. https​://doi.org/10.1590/S0100-736X2​
01600​0400006

Melchior, M. B., Vaarkamp, H., & Fink‐Gremmels, J. (2006). Biofilms: A 
role in recurrent mastitis infections? Veterinary Journal, 171, 398–
407. https​://doi.org/10.1016/j.tvjl.2005.01.006

Moormeier, D. E., & Bayles, K. W. (2017). Staphylococcus aureus biofilm: A 
complex developmental organism. Molecular Microbiology, 104, 365–376.

Moritz, F., & Moritz, C. M. F. (2016). Resistência aos antimicrobianos em 
Staphylococcus spp. associados à mastite bovina. Revista De Ciência 
Veterinária E Saúde Pública, 3, 132–136. https​://doi.org/10.4025/
revci​vet.v3i2.34435​

https://orcid.org/0000-0002-0065-2602
https://orcid.org/0000-0002-0065-2602
https://doi.org/10.1093/jac/dki217
https://doi.org/10.1093/jac/dki217
https://doi.org/10.1007/s10911-011-9234-0
https://doi.org/10.1590/S1808-16572013000300006
https://doi.org/10.1590/S1808-16572013000300006
https://doi.org/10.1016/S0378-8741(02)00011-9
https://doi.org/10.1016/S0378-8741(02)00011-9
https://doi.org/10.1016/j.prevetmed.2017.04.011
https://doi.org/10.1016/j.prevetmed.2017.04.011
https://doi.org/10.1007/s00284-012-0239-8
https://doi.org/10.1007/s00284-012-0239-8
https://doi.org/10.1371/journal.pone.0120514
https://doi.org/10.1590/S0100-736X2013000500009
https://doi.org/10.1590/S0100-736X2013000500009
https://doi.org/10.1016/j.ijmm.2017.09.016
https://doi.org/10.1016/j.ijmm.2017.09.016
https://doi.org/10.1128/MMBR.00013-14
https://doi.org/10.1038/nbt1206-1504
https://doi.org/10.1038/nbt1206-1504
https://doi.org/10.1590/S0100-736X2016000400006
https://doi.org/10.1590/S0100-736X2016000400006
https://doi.org/10.1016/j.tvjl.2005.01.006
https://doi.org/10.4025/revcivet.v3i2.34435
https://doi.org/10.4025/revcivet.v3i2.34435


     |  11 of 11PROCÓPIO et al.

Moura, M. C., Napoleão, T. H., Coriolano, M. C., Paiva, P. M. G., Figueiredo, 
R. C. B. Q., & Coelho, L. C. B. B. (2015). Water‐soluble Moringa oleifera 
lectin interferes with growth, survival and cell permeability of cor‐
rosive and pathogenic bacteria. Journal of Applied Microbiology, 119, 
666–676.

Moura, M. C., Napoleão, T. H., Paiva, P. M. G., & Coelho, L. C. B. B. (2017). 
Bacterial biofilms: Structure, development and potential of plant 
compounds for alternative control. In L. V. Berhardt (Ed.), Advances 
in medicine and biology (pp. 1–34). New York, NY: Nova Science 
Publishers Inc.

Moura, M. C., Trentin, D. S., Napoleão, T. H., Primon‐Barros, M., Xavier, 
A. S., Carneiro, N. P., … Coelho, L. C. B. B. (2017). Multi‐effect of the 
water‐soluble Moringa oleifera lectin against Serratia marcescens and 
Bacillus sp.: Antibacterial, antibiofilm and anti‐adhesive properties. 
Journal of Applied Microbiology, 123, 861–874.

Mushtaq, S., Shah, A. M., Shah, A., Lone, S. A., Hussain, A., Hassan, Q. 
P., & Ali, M. N. (2018). Bovine mastitis: An appraisal of its alterna‐
tive herbal cure. Microbial Pathogenesis, 114, 357–361. https​://doi.
org/10.1016/j.micpa​th.2017.12.024

Pankey, G. A., & Sabath, L. D. (2004). Clinical relevance of bacteriostatic 
versus bactericidal mechanisms of action in the treatment of Gram‐
positive bacterial infections. Clinical Infectious Diseases, 38, 864–867. 
https​://doi.org/10.1086/381972

Peixoto, R. M., França, C. A. D., Souza Júnior, A. F., Veschi, J. L. A., & 
Costa, M. M. D. (2010). Etiologia e perfil de sensibilidade antimicro‐
biana dos isolados bacterianos da mastite em pequenos ruminantes 
e concordância de técnicas empregadas no diagnóstico. Pesquisa 
Veterinária Brasileira, 30, 735–740. https​://doi.org/10.1590/S0100-
736X2​01000​0900005

Pillai, S. K., Moellering, R. C., & Eliopoulos, G. M. (2005). Antimicrobial 
combinations. In V. Lorian (Ed.), Antibiotics in laboratory medicine 
(5th ed., pp. 365–440). Philadelphia, PA: The Lippincott Williams & 
Wilkins Co.

Procópio, T. F., Moura, M. C., Albuquerque, L. P., Gomes, F. S., Santos, N. 
D. L., Coelho, L. C. B. B., … Napoleão, T. H. (2017). Antibacterial lec‐
tins: Action mechanisms, defensive roles and biotechnological poten‐
tial. In E. Collins (Ed.), Antibacterials: Synthesis (pp. 69–89). New York, 
NY: Properties and Biological Activities, Nova Science Publishers Inc.

Procópio, T. F., Patriota, L. L. S., Moura, M. C., Silva, P. M., Oliveira, A. P. S., 
Carvalho, L. V. N., … Napoleão, T. H. (2017). CasuL: A new lectin iso‐
lated from Calliandra surinamensis leaf pinnulae with cytotoxicity to 
cancer cells, antimicrobial activity and antibiofilm effect. International 
Journal of Biological Macromolecules, 98, 419–429. https​://doi. 
org/10.1016/j.ijbio​mac.2017.02.019

Scali, F., Camussone, C., Calvinho, L. F., Cipolla, M., & Zecconi, A. (2015). 
Which are important targets in development of S. aureus masti‐
tis vaccine? Research in Veterinary Science, 100, 88–99. https​://doi.
org/10.1016/j.rvsc.2015.03.019

Schroeder, J. W. (1997). Bovine mastitis and milking management. AS‐1129. 
North Dakota. Fargo, ND: State University.

Silva, P. M., Napoleão, T. H., Silva, L. C. P. B. B., Fortes, D. T. O., Lima, 
T. A., Zingali, R. B., … Paiva, P. M. G. (2016). The juicy sarcotesta of 
Punica granatum contains a lectin that affects growth, survival as well 
as adherence and invasive capacities of human pathogenic bacteria. 
Journal of Functional Foods, 27, 695–702. https​://doi.org/10.1016/j.
jff.2016.10.015

Spanamberg, A., Sanches, E. M. C., Santurio, J. M., & Ferreiro, L. (2009). 
Mastite micótica em ruminantes causada por leveduras. Ciência Rural, 
39, 282–290. https​://doi.org/10.1590/S0103-84782​00800​5000045

Trentin, D. S., Giordani, R. B., Zimmer, K. R., Silva, A. G., Silva, M. V., Correia, 
M. T. S., … Macedo, A. J. (2011). Potential of medicinal plants from the 
Brazilian semi‐arid region (Caatinga) against Staphylococcus epider‐
midis planktonic and biofilm lifestyles. Journal of Ethnopharmacology, 
137, 327–335. https​://doi.org/10.1016/j.jep.2011.05.030

Vancraeynest, D., Hermans, K., & Haesebrouck, F. (2004). Genotypic 
and phenotypic screening of high and low virulence Staphylococcus 
aureus isolates from rabbits for biofilm formation and MSCRAMMs. 
Veterinary Microbiology, 103, 241–247. https​://doi.org/10.1016/j.
vetmic.2004.09.002

Vliegher, S., Fox, L. K., Piepers, S., McDougall, S., & Barkema, H. W. 
(2012). Invited review: Mastitis in dairy heifers: Nature of the dis‐
ease, potential impact, prevention, and control. Journal of Dairy 
Science, 95, 1025–1040. https​://doi.org/10.3168/jds.2010-4074

Zadoks, R., & Fitzpatrick, J. (2009). Changing trends in mas‐
titis. Irish Veterinary Journal, 62, 59–70. https​://doi.
org/10.1186/2046-0481-62-S4-S59

How to cite this article: Procópio TF, Moura MC, Bento EFL, 
et al. Looking for alternative treatments for bovine and 
caprine mastitis: Evaluation of the potential of Calliandra 
surinamensis leaf pinnulae lectin (CasuL), both alone and in 
combination with antibiotics. MicrobiologyOpen. 2019;e869. 
https​://doi.org/10.1002/mbo3.869

https://doi.org/10.1016/j.micpath.2017.12.024
https://doi.org/10.1016/j.micpath.2017.12.024
https://doi.org/10.1086/381972
https://doi.org/10.1590/S0100-736X2010000900005
https://doi.org/10.1590/S0100-736X2010000900005
https://doi.org/10.1016/j.ijbiomac.2017.02.019
https://doi.org/10.1016/j.ijbiomac.2017.02.019
https://doi.org/10.1016/j.rvsc.2015.03.019
https://doi.org/10.1016/j.rvsc.2015.03.019
https://doi.org/10.1016/j.jff.2016.10.015
https://doi.org/10.1016/j.jff.2016.10.015
https://doi.org/10.1590/S0103-84782008005000045
https://doi.org/10.1016/j.jep.2011.05.030
https://doi.org/10.1016/j.vetmic.2004.09.002
https://doi.org/10.1016/j.vetmic.2004.09.002
https://doi.org/10.3168/jds.2010-4074
https://doi.org/10.1186/2046-0481-62-S4-S59
https://doi.org/10.1186/2046-0481-62-S4-S59
https://doi.org/10.1002/mbo3.869

