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A B S T R A C T

The study evaluated the bacterial adsorption capacity of microporous carbon spheres (Carb) against E. coli 
suspension, and their potential to modulate culture-based uterine bacterial populations in postpartum dairy 
cows. In vitro, Carb reduced by 1-log the recoverable bacteria in the suspension. Dairy cattle were enrolled after 
calving and assigned to Carb or Control (Ctrl) group. A subset (Carb = 17; Ctrl = 20) was submitted to uterine 
flush at 14 and 28 days after calving (T14 and T28), for standard microbiology analysis. Three animals received 
antibiotic due to metritis (1 in Ctrl and 2 in Carb group). No significant difference was found in bacteria fre
quencies, logCFU counts, or vaginal discharge score (VD) at T14 and T28. A tendency towards lower mesophilic 
bacterial counts was observed in Carb cows at T14 (P = 0.085). Survival analysis using Cox proportional hazards 
regression revealed no effect of treatment, VD score or antibiotic administration on calving-to-conception in
terval (CCI). Likewise, Kaplan–Meier analysis showed no differences in fertility outcomes between groups. 
Although the adsorption capacity demonstrated in vitro did not translate into measurable microbiological or 
clinical effects in vivo, no detrimental effects on uterine health, fertility, or incidence of puerperal metritis were 
observed. These findings indicate that the activated carbon matrix was safe under the conditions tested, but 
insufficient to meaningfully modulate postpartum uterine bacterial populations. Future studies should focus on 
optimizing adsorption-based approaches for uterine health management in dairy cattle.

1. Introduction

Alternatives to antimicrobials to manage bacterial diseases are ur
gently needed worldwide due to increasing antimicrobial resistance. In 
livestock, the reduction of antimicrobial drugs use is also required to 
limit losses of food derived from treated animals due to the application 
of withhold time.

Postpartum uterine infections in cattle, especially dairy, represent a 
challenge in Veterinary Practice, as contamination of the uterine lumen 
during and after calving is considered unavoidable; however, not all 

cows develop infection and the complex pathogenesis include both 
bacteria-related virulence factors, and host resistance, tolerance and 
clearance characteristics (Sheldon et al., 2006, 2020; Sheldon et al., 
2009; Giuliodori et al., 2013). Bacteria most isolated in case of uterine 
infection in the immediate postpartum include, but are not limited to, 
E. coli, Fusobacterium necrophorum, Trueperella pyogenes, and other spe
cies belonging to Bacteroides spp. and Prevotella spp. (Sheldon et al., 
2020). Genomic sequencing technologies highlighted an even more 
complex scenario, with interaction and connection among other bacteria 
populations in the pathogenesis of uterine infections, and further 
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supporting that even healthy uteri contain a symbiotic or at least 
commensal microbiota (Karstrup et al., 2017; Moore et al., 2017). 
Antimicrobial treatments administered in case of uterine infection, as 
penicillin-streptomycin association and cephalosporins of second and 
third generation, are generally characterized by a broad-spectrum ac
tivity; however, their effect is mainly linked to the clinical resolution of 
the disease (i.e.: resolving the purulent exudate in vaginal discharge 
(Sheldon et al., 2006; Sheldon et al., 2009)), limited improvement in 
fertility outcomes (Haimerl and Heuwieser, 2014; Sheldon et al., 2020). 
It is important to note that repeated or continuous use of antibiotics may 
promote the development of antimicrobial resistance, particularly 
E. coli, which represents a major concern for both animal health and 
public health.

Recently, natural compounds such as plant extracts, and essential 
oils have been evaluated as alternatives to antibiotics in metritis treat
ment in cattle, both in vitro in bovine (Paiano et al., 2023) and equine 
species (Lisboa et al., 2022), and in vivo to manage endometritis (Arlt 
et al., 2009; Scheuber et al., 2025) or to treat puerperal metritis 
(Pinedo et al., 2015) in cattle; although without fully satisfying results 
regarding fertility improvements. Further interest has risen around 
matrices with antimicrobial properties. Chitosan microparticles showed 
broad-spectrum antimicrobial activity in acidic environments, including 
E. coli; although in vitro trials were promising, larger field application 
evidenced detrimental effect on metritis cure rate, milk production and 
fertility in treated cows (de Oliveira et al., 2020; Jeon et al., 2014). 
Another strategy to modulate uterine microbial contamination could be 
represented by matrices with high sorbent capacity: those matrices are 
able to bind bacteria, toxins, and inflammatory metabolites from exu
dates, thus reducing the proliferation of pathogens. One well-known 
example is activated carbon, a highly porous form of carbon with a 
large surface area that is able to adsorb bacteria, toxins, and other 
organic compounds. In this regard, activated carbon has been used both 
in human and veterinary medicine, for example in wound dressing to 
trap bacteria and exudates (Burchacka et al., 2021) and in calves to 
reduce the severity of gastrointestinal disorders by adsorbing harmful 
microbial compounds (Ross et al., 2021). In women, an intrauterine 
microporous carbon device has been used to improve the clinical 
outcome of both chronic and post cesarean section endometritis in 
combination with antibiotic treatment (Barinov et al., 2023; Barinov 
et al., 2021). The results confirmed the trapping activity of the device 
against bacteria, as well as cell debris.

In this view, we hypothesized that the intrauterine administration of 
an activated carbon matrix characterized by microporosity and great 
specific surface area, could reduce nutrients available for bacterial 
growth in the uterus of postpartum cows, which is characterized by great 
volumes of fluids and tissue debris. The aim of this study was to evaluate 
in vitro the adsorption and retention ability of ultrapure microporous 
activated carbon spheres against E. coli suspension, and then to evaluate 
the composition of uterine bacterial microbiota in uterine flushes of 
cows submitted to intrauterine administration of the same matrix.

2. Materials and methods

2.1.1. In vitro evaluation of adsorbing ability
The experiment was performed using ultrapure (> 99.5%) steam- 

activated carbon (Carb) spheres with 0.5–1.0 mm diameter and spe
cific surface area of 300–400 m2/g. The material was provided by Dr. 
Barinov Sergei V., and the formulation used herein is registered for 
medical use as an haemosorbent in dialysis and as an enterosorbent for 
oral administration, with Patent of the Russian Federation No. 2545743 
(February 26, 2015).

To exclude the release of inhibiting compounds from Carb after 
contact with a suspension, the protocol shown in Fig. 1 was followed: 
4.5 g of Carb were incubated with 9 ml of sterile Brain Heart Infusion 
(BHI) broth, in a glass container, for 24 h, at 37 ◦C, and 5% CO2, in the 
absence of bacteria. After incubation the supernatant was recovered and 
used to culture Escherichia coli CSH26 K12, previously grown to the 
stationary phase (~109 CFU/ml), under the same culture condition; 
then, ten-fold serial dilutions were prepared using sterile tubes con
taining 9 ml of Maximum Recovery Diluent (MRD) to perform the 
standard microbiological analysis and CFU counting. Dilutions were 
inoculated on Petri dishes in triplicate on Nutrient Agar (Grispoldi et al., 
2020a).

Then, the ability of Carb to adsorb and retain bacteria was tested 
following the protocol outlined in Fig. 2. Briefly, Escherichia coli CSH26 
K12 at stationary phase (~109 CFU/ml), grown in BHI broth, was 
diluted 1:4 with MRD; 4 ml of the suspension per tube were incubated in 
5 glass tubes, containing 4.5 g of Carb each, for 24 h at 37 ◦C in 5% CO2. 
An identical suspension was incubated with the same volume of non- 
toxic glass spheres (Glass) characterized by a smooth, non-adsorbent 
surface (Sigma-Aldrich, Cat. Z250465). After incubation, the superna
tant was aspirated using a sterile syringe, and the recovered volume was 
recorded and submitted to ten-fold serial dilution for microbiology 
analysis and CFU count. To assess the adsorption of Escherichia coli 
CSH26 K12 by Carb and Glass, the residual CFUs in the supernatant were 
quantified and counted as CFU/ml and as total CFUs adjusted to the 
aspirated volume. Results were compared to a positive control consist
ing of Escherichia coli CSH26 K12 cultured in BHI broth to stationary 
phase.

Each tube, containing only pellet (Carb or Glass spheres) was then 
labelled according to the duration of vortexing applied in the subsequent 
phase; 9 ml of MRD were re-added to each glass tube. Each container 
was then vortexed only once for 0, 15, 30, 60, and 90s. After shaking, the 
supernatant was retrieved and again submitted to counting the CFUs as 
described above.

All seeding and CFU counts procedures were performed in triplicate.

2.1.2. Statistical analysis
Aspirated supernatant volumes and logCFU counts were reported as 

Fig. 1. Schematic representation of the protocol adopted to test the potential release of inhibiting compounds from Carb immersed in a suspension.
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mean ± standard deviation (SD). Statistical analysis was performed 
using GraphPad Prism, version 6.0 h for Mac OS X (GraphPad Software, 
San Diego, CA, USA). A two-way analysis of variance (ANOVA), fol
lowed by Tukey's multiple comparisons test, was conducted. Bacterial 
counts obtained from the positive control (E. coli CSH26 K12 cultured in 
BHI broth) were compared to those from the BHI broth previously 
incubated with Carb for 24 h, in absence of bacteria. Then, an equal 
positive control was compared to Carb and Glass treatments. A p-value 
<0.05 was considered statistically significant.

2.1.3. Field trial
The procedures used in this investigation were conducted in agree

ment with the Directive 2010/63/EU and were approved by the Com
mittee for Animal Welfare, University of Udine (Prot. OPBA N. 08/ 
2024).

The present study was conducted on a commercial dairy farm located 
in the north-eastern Italy, from July 2024 to July 2025. The herd con
sisted of 995 lactating Holstein-Frisian milked three times daily on a 
milking parlor with an average 305-d milk yield of 44.3 kg/day, 3.9% of 
fat, 3.4% of protein per cow. Lactating cows were kept on free-stall barn 
with cubicles, while dry and maternity areas were represented by free- 
stall barns with straw bedding. Cows were equipped with monitoring 
collars (SenseHub, Allflex, Italy) designed to detect activity and eating 
behavior by tracking head movements, feeding, rumination and lying 
time. The dry period consisted of 60 ± 10 days. Cows were moved into 
the maternity pen one week before expected parturition; they remained 
in the area until the first postpartum clinical check. A veterinary ex
amination was conducted by the on-farm veterinarian at 7 days post
partum by routine, and only animals considered at risk of disease as 
warned by the collars were examined earlier.

The farm had a voluntary waiting period of 55 days, and estrus 
synchronization was achieved using the Double Ovsynch breeding pro
tocol, followed by timed artificial insemination (AI). At the beginning of 
the study, the farm had a calving conception-interval of 115 days and an 
incidence of metritis of about 20%.

Production and reproduction data were stored in the farm manage
ment software AfiFarm 5.4.2 (Afimilk, Kibbutz Afikim, Israel), while 
additional clinical information (e.g., diagnosed diseases and therapies 

administered) were recorded using DairyComp 305 (version 25.6.11.51) 
herd management software (Valley Agricultural Software, Visalia, 
California).

Feed was delivered as a Total Mixed Ration (TMR) and was always 
available at the feed bunk. Detailed information on diet composition, 
divided by lactation period, dry period, and close up period, is reported 
in Supplementary Table 1. Cows had free access to water; in the ma
ternity pen approximately 300 g of propylene glycol per cow per day 
were added to drinking water.

2.1.4. Dose calculation and experimental protocol
To establish the Carb dose to be administered, we considered the 

volume of the cylinder sorbent device used in postpartum women in the 
study conducted by Dolgikh et al. (2015). The device consisted on a 
black cylinder, with a diameter of 8–10 mm and a length of 45–60 mm, 
characterized by a mesoporous structure with a surface area of 220–320 
m2/g. Spheres used in this study were characterized by an absorption 
surface of 300–400 m2/g. Based on the cylinder dimensions, the volume 
of the device was calculated using the formula for the volume of a cyl
inder (Volume = πr2h, where r is the radius and h is the height) thus 
resulting in a volume ranging from 2.26 cm3 to 4.71 cm3. Considering 
that the treatment was originally intended for intrauterine administra
tion in women, a uterine volume of 100 cm3 was considered as repre
sentative of the average adult human postpartum uterus. This value was 
used to scale the dose for postpartum dairy cows, whose uterine volume 
was estimated at approximately 1500 cm3 at 48 h after calving (Noakes 
et al., 2001), thereby obtaining a final device volume ranging between 
33.9 cm3 and 70.65 cm3. Considering the variation of both the range of 
sorbent volume to be administered, together with the variation of 
uterine volume in cattle during the 24–48 after calving, we decided to 
administer 62 cm3 of carbon sorbent in dairy cows, which corresponded 
to 87.75% of the maximum calculated dose.

A further adjustment was made based on the characteristics of the 
device used as a carrier for Carb in the present study. This consisted of a 
methylcellulose bolus (Tecnozoo s.p.a., Via Piave, 120, 35017 Piombino 
Dese (PD), Italy), commercially available for the administration of di
etary supplements in calves, with a cylindrical shape, a diameter of 25 
mm, and a length of 78 mm. The volume of the bolus was calculated 

Fig. 2. Protocol adopted to compare the ability of Carb to adsorb and retain bacteria compared with glass spheres (Glass).
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using the same formula reported above, yielding a volume of 38 cm3. 
Methylcellulose boluses were filled approximately at 80% capacity 
under a laminar flow hood on the same day of administration to mini
mize the risk of contamination. On average, 19.8 ± 0.2 g of Carb were 
inserted into each bolus. As methylcellulose is recognized safe, with no 
known biological activity and commonly used as a delivery vehicle 
(O'Brien et al., 2003; Exalto et al., 2014), no sham-treatment group has 
been included.

Once weekly, the list of cows that calved in the previous 24 to 48 h 
was retrieved by the farm software; cows with parity>6 or with still
birth, twin birth, or dystocia were not enrolled. Before enrollment, cows 
were restrained and clinically checked for concurrent diseases, vaginal 
laceration, retained placenta, rectal temperature (RT) >39.5 ◦C, BCS <2 
or > 4 on a five-point scale (Edmonson et al., 1989) at calving; those 
positive, were excluded (Suppl. Fig. 1).

Cows compliant with inclusion criteria were enrolled following an 
alternated randomization procedure (odd numbers at the feedbunk: 
control; even numbers: treatment) assigned to a Carb-treated group (n =
50) or an untreated control group (Ctrl; n = 70).

As one of the objectives was to assess effect of Carb on uterine mi
crobial communities during involution, cows treated with antibiotics for 
conditions unrelated to metritis (e.g., mastitis or interdigital phlegmon) 
during the experimental period (0 to 30 days in milk) were excluded.

Cows in the Carb group received 2 intrauterine boluses of Carb 
24–48 h after calving (T0), whereas control cows remained untreated. 
Before administration, cows were restrained at the feed bunk, and the 
perineal area was washed with clean water, dried, and disinfected with 
10% iodine solution (Betadine®). After confirming vaginal wall integ
rity, each bolus was inserted through the vagina and passed through the 
cervix; iodine solution was reapplied before insertion of the second 
bolus. After treatment, cows were observed for 20 min for signs of pain 
or discomfort (e.g., kyphosis, tail elevation, tail movements).

Clinical evaluations were conducted at 14 (T14), and 28 (T28) days 
after treatment.

At these time intervals, a subset of 17 cows from Carb group and 20 
cows from Ctrl were submitted to the recovery of uterine content by 
means of uterine flushing procedure. The first uterine flush has been 
planned not before T14, as according to Pascottini et al. (2021) cervix 
catheterization until day 10 after calving could increase the risk of 
trauma and perforation due to pendoulous uterus and wall tension. 
Cows were restrained at the feedbunk, and epidural anaesthesia was 
delivered by inoculating 4 ml procaine chlorhydrate into the sacro- 
coccygeal intervertebral junction. The perineal area was rinsed with 
warm water and cleaned with 10% iodine solution (Betadine®). Then a 
20-French uterine catheter was inserted through the cervix, the balloon 
was inflated, and used to infuse and retrieve 50 ml of sterile saline so
lution. Once recovered, the aspect of the flush was recorded based on the 
classification used for the evaluation of postpartum vaginal discharge, 
and then immediately stored into an empty sterile 50 ml Falcon tube.

Although the first uterine flushing has been performed at T14, the 
vaginal discharge score (VD) was attributed based on the aspect of the 
exudate and according to the classification used by Sheldon et al. (2009)
for clinical endometritis; to account for the possible presence of metritic 
exudates due to T14 time point, a 4th point has been added. More in 
detail: VD0 (clear or translucent mucus), VD1 (mucus containing <25% 
flecks of pus), VD2 (exudate containing 50% white or offwhite muco
purulent material), VD3 (exudate containing >50% purulent material, 
usually white or yellow), and VD4 (red-brownish mucopurulent 
exudate). Tubes were then kept refrigerated until freezing at − 20 ◦C for 
microbiology analysis.

Reproductive performance data were collected at least up to 300 
days in milk using the farm management software, specifically the 
calving-conception interval (CCI).

2.1.5. Microbiology analysis
The methodology used for microbiological analysis has already been 

described by the authors in a previous work (Grispoldi et al., 2020b). 
Briefly, for each analysis, 10 ml of flush was homogenized in a sterile 
bag with 90 ml of peptone water (PW, Oxoid, Basingstoke, Hampshire, 
UK) by using a stomacher. Tenfold dilutions were prepared by using 
sterile tubes with 9 ml of maximum recovery diluent (MRD, Oxoid). The 
dilutions were inoculated in triplicate on different culture media. For 
each analysis, the following bacterial populations were evaluated: total 
aerobic mesophilic microbiota was determined on Plate Count Agar 
(PCA, Oxoid), at 30 ◦C for 72 h; Lactococcus spp. on M17 agar (Oxoid) 
10% v/v lactose, at 37 ◦C for 48 h; Lactobacillus spp. on Man, Rogosa and 
Sharpe Agar (MRS, Oxoid) pH 5.5, at 30 ◦C for 72 h under anaerobic 
conditions (Gas generating kit, Oxoid); enterococci on enterococcus agar 
(ENT, Oxoid), at 37 ◦C for 48 h. Micrococcaceae and Staphylococcus spp. 
on Baird Parker agar (BP, Oxoid) containing Egg Yolk Tellurite (Oxoid) 
at 37 ◦C for 48 h. Enterobacteriaceae on violet red bile glucose agar 
(VRBG, Oxoid) at 37 ◦C for 24 h, total coliforms on violet red bile lactose 
agar (VRBL, Oxoid) at 37 ◦C for 24 h. Anaerobes on Reinforced clos
tridial agar (Oxoid) at 37 ◦C for 24 under anaerobic conditions (Gas 
generating kit, Oxoid). The colonies were then counted on all the plates, 
using a colony count viewer (Petri light, PBI, Milan) and colony counter 
pen (Colony Count, PBI, Milan).

The number of colonies was then converted to a log of colony 
forming units per gram (log cfu g-1), and the mean was calculated for 
each analysis. The sensitivity for the spread plate was 102 CFU/g, that 
for the pour plate was 10 CFU/g, and the 95% confidence limit was set 
between ±37% and ± 12% (i.e., plates with a number of CFUs ranging 
from 30 to 300). Therefore, all plates with less than 30 CFUs were not 
used for data analysis, and when this was applied to the lowest dilution, 
the results were recorded as <300 for the pour plate and < 3000 for the 
spread plate (Cenci-Goga et al., 2020).

2.2. Statistical analysis

The software R v.4.6.0 and RStudio v2026.04.0 + 526 were used. 
Wilcoxon rank-sum test was used to compare logCFU counts between 
Carb and Ctrl cows at T14 and T28, separately. Chi-square test was used 
to compare the frequencies of bacterial isolates recovered from uterine 
flushes in Carb and Ctrl cows at T14 and T28, separately. Fisher's exact 
test was used to compare vaginal discharge (VD) score after dichoto
mization into normal (VD0) and abnormal (VD ≥ 1) vaginal discharge 
between Carb and Ctrl cows at T14 and T28.

Survival analysis was performed using Kaplan–Meier curves and Cox 
proportional hazards regression. Calving-to-conception interval (CCI) 
was considered as the survival time, while conception was considered as 
the event. Treatment group, VD score at T14 and antibiotic therapy for 
metritis were included as explanatory variables in the Cox model. Parity, 
BCS, and other baseline variables were not included in the Cox model 
due to the limited sample size and the exclusion criteria applied at 
enrollment. Kaplan–Meier curves were used to visualize the probability 
of not being pregnant during lactation in Carb and Ctrl cows.

Statistical significance was declared at P < 0.05.

3. Results

3.1. In vitro evaluation of adsorbing ability

No significant difference in the logCFU counts of E. coli CSH26 K12 
when cultured in BHI broth, regardless of whether the broth had been 
pre-incubated for 24 h with Carb (Fig. 3). No inhibiting compounds were 
released from Carb during incubation.

Table 1 shows the volumes of supernatant recovered from tubes 
containing Carb or Glass. The volume of supernatant collected from 
tubes containing Carb were significantly lower than Glass (p < 0.001). 
On average, the volume aspirated from the Carb-containing tubes was 
0.90 ± 0.12 ml, while the volume from the Glass-containing tubes was 
2.88 ± 0.08 ml.

B.T. Cenci-Goga et al.                                                                                                                                                                                                                          Research in Veterinary Science 210 (2026) 106317 

4 



Table 2 reports the average logCFU in positive control, supernatants, 
and from solution recovered from spheres resuspended and vortexed at 
different time points. For the supernatants, CFU were expressed both as 
CFU/ml and as CFU per adjusted volume. Since Carb adsorbs a signifi
cantly higher volume of supernatant compared to Glass, relying solely 
on CFU/ml could mask actual differences in the number of colonies 
remaining in the supernatant after contact with Carb or Glass.

As shown in Fig. 4, a statistically significant difference was observed 
between Carb (7.88 ± 0.40) and Glass (8.98 ± 0.37) (p < 0.001) in 
terms of logCFU recovered from adjusted supernatant.

Spheres shaking progressively increase the release of bacterial cells 
into the MRD used for resuspension. No statistically significant differ
ences were detected in Carb compared to Glass spheres at increasing 
shaking time points (Table 2 and Fig. 5). When compared to the positive 

control, logCFU counts in Carb-recovered supernatants were signifi
cantly different at 0 s and 15 s time points (p ≤ 0.001 and p ≤ 0.05).

3.2. Field trial

After Carb administration, any cow showed signs of discomfort nor 
pain during the direct observation interval. Only 3 animals received 
antibiotic therapy due to metritis diagnosis (T7), that is 1 in Ctrl and 2 in 
Carb group, respectively. The overall mean CCI interval was 148.1 ±
54.2 days. Carb was progressively expelled from the cow uterus due to 
physiological uterine contractions during postpartum. When performing 
uterine flushes at day 14, Carb spheres were retrieved in 8/17 animals; 
at day 28, any flush recovered contained Carb spheres.

Table 3 shows the frequencies of bacterial isolates identified by 
standard microbiological analysis in Carb and Ctrl cows, at T14 and T28. 
No differences were observed, according to Chi-square test, both when 
comparing frequencies among groups and sampling intervals. Wilcoxon 
rank-sum test revealed no significant differences in logCFU counts, both 
at T14 and T28. A tendency towards lower mesophilic bacterial counts 
was observed in Carb cows at T14 (P = 0.085), as reported in Table 4.

Fig. 6 shows the distribution of VD scores in the two groups at the 
two different flushing times (T14 and T28). Animals in Ctrl group had 
greater variability in VD aspect and purulent content than Carb group, at 
the first sampling time. At T28, almost all animals fully recovered and 
VD score of 0 (clean) was attributed, except for 2 outliers in Ctrl and one 
outlier in Carb group. Fisher's test showed no difference in VD scores 
(healthy vs VD ≥ 1) in Carb and Ctrl groups, both at T14 (P = 0.701) and 
T28 (P = 0.644).

When accounting for fertility, any effect of Carb administration, VD 
score or antibiotic treatment was observed on CCI interval according to 
Cox hazard analysis. Fig. 7 resumes the Kaplan-Meier survival analysis 
for the risk of conception during lactation in enrolled cows.

4. Discussions

The pathogenesis of postpartum uterine infections in cattle results 
from the interaction between immune response, tolerance, and micro
bial virulence and adhesion characteristics (Sheldon et al., 2020). As 
uterine infection is not due to a single pathogen, and since reduction in 
antimicrobial use is needed in livestock farming, the modulation of 
bacterial communities both to prevent and to treat such infections is 
gaining increasing attention.

Fig. 3. From left to right: CFU counts after 24 h incubation at 37 ◦C, and 5% 
CO2 of BHI broth with E. coli CSH26 K12 (positive control) and supernatant 
recovered after 24 h of contact of BHI broth with Carb and then incubated with 
E. coli CSH26 K12 at the same culture condition.

Table 1 
Volumes of supernatant aspirated from 5 tubes containing Carb and 5 tubes 
containing Glass. * = p < 0.001.

Supernatant recovered (ml)

Vortexing time (s) Carb Glass

0 1.00 2.80
15 0.70 2.80
30 1.00 3.00
60 0.90 2.90
90 0.90 2.90
Mean ± SD 0.9 ± 0.12* 2.88 ± 0.08*

Table 2 
logCFU count (Mean ± SD) in the positive control, in the collected supernatants, 
and from spheres resuspended and vortexed at different time points. Different 
letter or number superscripts indicate significant differences. a = p ≤ 0.0001, b 
= ≤ 0.01, 2 = ≤ 0.001, and c,d = p ≤ 0.05. 1 = p ≤ 0.0001, and 2,3 = p ≤ 0.01.

Vortexing time (s) Glass Carb

0 7.62 ± 0.42 b 7.54 ± 0.42 a

15 8.11 ± 0.31 7.89 ± 0.41 d

30 7.98 ± 0.51 c 8.09 ± 0.25
60 8.14 ± 0.66 8.11 ± 0.12
90 8.33 ± 0.53 8.03 ± 0.22
Supernatant – logCFU/ml 8.53 ± 0.37 7.94 ± 0.38 2

Supernatant – logCFU adjusted 8.98 ± 0.37 1 7.88 ± 0.40 1,3

Positive Control 8.94 ± 0.37 a,b,c,d,2,3

Fig. 4. LogCFU/ml of supernatant and CFU adjusted for the aspirated volume 
(adjusted volume) compared to the positive control (Escherichia coli CSH26 K12 
at the stationary phase of ~109 CFU/ml). 1 = p ≤ 0.0001, and 2,3 = p ≤ 0.01.
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Similar studies focused on using chitin-derived microparticles of 

chitosan, which is possess in vitro antimicrobial properties, both to 
prevent and to treat metritis in dairy cattle (de Oliveira et al., 2020; Jeon 
et al., 2014; Prim et al., 2022), although results were still non optimal. 
The material used in this experiment, however, shows differences in 
ultrastructure and functionality, when compared to chitosan: first of all, 
ultrapure activated carbon is not characterized by bactericidal activity. 
The surface, instead, is able to attract and retain bacteria and their 
toxins, and for this reason is used in bandaging (Kuznietsova et al., 2025; 
Madaninasab et al., 2025) and filtration systems including hemodialysis 
(Mozaffari et al., 2025). The antibacterial activity is usually achieved 
through coating external surface of spheres, at example with silver 
(Chandra Joshi et al., 2022). In this study, carbon spheres were not 
coated, thus the only mechanisms for exerting indirectly an antibacterial 
activity comprised absorption of the liquid phase containing nutrients, 
and adsorption of bacteria.

Fig. 5. LogCFU counts in supernatant after re-suspension and vortexing of Glass and Carb spheres at each time point, compared to a positive control (Escherichia coli 
CSH26 K12 at the stationary phase of ~109 CFU/ml). Superscripts indicate significant differences. a = p ≤ 0.0001, b = p ≤ 0.01, and c,d = p ≤ 0.05.

Table 3 
Frequencies (%) per group of positive cows for each bacterial type in uterine 
flushes of Carb and Ctrl cows at T14 and T28.

Group Carb (n = 17) Ctrl (n = 20)

Flush time T14 T28 T14 T28

Mesophilic microorganism 29.4% 47.1% 55.0% 45.0%
Enterobacteriaceae 11.8% 0.0% 0.0% 5.0%
E. coli 11.8% 0.0% 0.0% 5.0%
Enterococci 0.0% 0.0% 5.0% 0.0%
S. aureus 5.9% 11.8% 15.0% 5.0%
Micrococci 41.2% 17.6% 50.0% 30.0%
Anaerobes 35.3% 41.2% 30.0% 30.0%
Lactococcus spp 58.8% 41.2% 50.0% 55.0%
Lactobacillus spp 41.2% 11.8% 25.0% 20.0%

Table 4 
Mean ± SEM of logCFU count for each bacterial type in Carb and Ctrl cows, at 
the two time intervals of uterine flush collection. P: from Wilcoxon rank-sum 
test.

Bacterial population T14 T28

Carb Ctrl P Carb Ctrl P

Mesophilic 
microorganism

0.90 
± 0.36

1.86 
± 0.4 0.085

1.51 
± 0.45

1.64 
± 0.47 1.000

Enterobacteriaceae
0.35 
± 0.24 0 ± 0 0.129 0 ± 0

0.14 
± 0.14 0.386

E. coli
0.37 
± 0.26 0 ± 0 0.129 0 ± 0

0.14 
± 0.14 0.386

Enterococci 0 ± 0
0.2 ±
0.2 0.386 0 ± 0 0 ± 0

S. aureus
0.12 
± 0.12

0.41 
± 0.23 0.366

0.25 
± 0.17

0.20 
± 0.20 0.520

Micrococci
1.15 
± 0.36

1.57 
± 0.43 0.618

0.57 
± 0.32

1.00 
± 0.40 0.454

Anaerobes
1.16 
± 0.41

1.24 
± 0.45 0.985

1.13 
± 0.40

1.17 
± 0.45 0.830

Lactococcus spp
1.65 
± 0.37

1.75 
± 0.46 0.936

1.27 
± 0.43

1.83 
± 0.45 0.422

Lactobacillus spp
1.06 
± 0.34

0.80 
± 0.33 0.474

0.61 
± 0.38

0.64 
± 0.31 0.858

Fig. 6. Bar-plot of the distribution of VD score based on treatment and day of 
flushing. Asterisk: outliers.
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Concerning the in vitro experiment, carbon matrix was able to adsorb 
an average of 77.5% of the suspension, compared to a mean 28% of glass 
spheres. Thus, when accounting for logCFU counts in the recovered 
supernatants, Carb spheres lead to almost one-logarithm reduction, 
compared to control and to glass, that is a reduction of almost 90% of 
bacteria from the suspension. This is in line with reports of the reducing 
activity of activated carbon filters in water purification systems, where 
almost 99% of bacteria could be removed (Chandra Joshi et al., 2022). 
However, to mimic the postpartum uterine environment, characterized 
by mechanical stimulation due to uterine contractions and animal's 
natural movements, vortexing for increasing time points was employed. 
No significant difference was observed in Carb compared to Glass 
spheres logCFU counts after vortexing; although these results may 
initially appear not encouraging, it should be noted that vortexing 
represents a considerably more aggressive mechanical force compared 
to natural movements in cow or the physiological uterine contractions. 
This may have led to an overestimation of the CFU released during the in 
vitro test. Considering fluid adsorption capacity of Carb compared to 
Glass, along with the significantly lower number of CFU counts in its 
corresponding supernatant, it could be hypothesized that in vivo, bac
teria may be retained in association with lochia. However, this remains a 
speculative interpretation, as no direct evidence of bacteria-lochia as
sociation was obtained in the present study. Fluid adsorption is expected 
to remove a fertile medium for bacterial proliferation, potentially 
limiting bacteria overgrowth and preventing infection. It should also be 
considered that a complete suppression of postpartum bacterial expo
sure may not necessarily be desirable. A robust but well-regulated in
flammatory response is considered essential for physiological uterine 
involution and bacterial clearance after calving (Pascottini et al., 2021). 
Therefore, future adsorption-based approaches should aim at modu
lating excessive bacterial burden and inflammatory stimuli rather than 
completely eliminating microbial presence. Finally, it should be noted 
that the bacterial suspension had a concentration of ~109 CFU/ml, 
subsequently diluted 1:4. This is substantially higher than the inoculum 
used by de Olivera et al. (de Oliveira et al., 2020), who tested the 
antimicrobial activity of chitosan microparticles by inoculating 5 × 104 

E. coli cells. Therefore, the high bacterial load used in the present study 
may have resulted in a saturation of binding/interaction sites, poten
tially limiting the observable differences in bacterial retention capacity 
of Carb under vortexing conditions.

The field trial included a subset of cows from a larger protocol; cows 
were submitted to uterine flush at 14 and 28 days after receiving two 
intrauterine Carb boluses within 48 h from parturition. The dose used in 
the present study was extrapolated from a human intrauterine applica
tion by considering uterine volume and estimated active surface area, 
and adapted to a bovine delivery system. However, this approach should 

be considered as a first tentative estimation rather than a biologically 
validated dose, and further studies are needed to optimize dosing under 
physiological conditions. It should also be noted that the human studies 
were performed in combination with antibiotic therapy, whereas the 
present study was designed to evaluate the effect of the sorbent matrix 
alone. The aspect of the flush recovered was scored and, interestingly, 
differences in VD score distribution were evident at T14, while at T28 
uterine flushes were mostly classified as VD0. This suggested a pro
gressive recovery from postpartum inflammation and uterine contami
nation in both Carb and Ctrl groups. However, Fisher's exact test did not 
reveal significant differences in VD score distribution between treatment 
groups at either T14 or T28. Since VD score is commonly considered a 
clinical indicator of uterine inflammation, this finding represents an 
important negative result and suggests that the adsorption capacity 
observed in vitro was insufficient to significantly modify the inflamma
tory environment of the postpartum uterus under field conditions. 
Concerning the presence of spheres in VD, we observed that ~47% of the 
cows submitted to uterine flushing displayed Carb at T14, while flushes 
performed at T28 were clear from spheres. This result confirmed the 
ability of the uterine contractions to eliminate Carb together with lochia 
within the physiological involution interval.

In this subset, few animals received antibiotic due to metritis, and 
even though Ab is generally associated to decreased VD score, no sta
tistically significant association could be demonstrated in the present 
study. Considering the vaginal discharge score, E. coli was detected in 
one Ctrl cow at T28 with VD1, and in two Carb cows at T14 with VD2. 
Despite numerous reports found E. coli in the uterine lumen in the first 
two weeks after calving and associated its presence to prolonged CCI, in 
this study the limited dimension of the subset lead to insufficient cases to 
assess statistical correlation (Williams et al., 2008; Sheldon et al., 2009; 
LeBlanc, 2014; Kassé et al., 2016; Çömlekcioğlu et al., 2024).

Studies on matrices used to modulate uterine microbial community 
in cattle are limited, and at our knowledge only reports on chitosan 
microparticles could be compared (Galvão et al., 2020). However, it 
should be emphasized that chitosan microparticles possess intrinsic 
antimicrobial properties, whereas Carb spheres do not exert direct 
bactericidal activity, representing a fundamental difference between the 
two approaches. In that study, chitosan microparticles slowed the pro
gression of uterine microbial composition in metritic cows towards 
healthy state. In our study, no differences could be identified in either 
microbial frequencies or logCFU counts at T14 and T28 between groups, 
except for a tendency towards lower mesophilic bacterial counts in Carb 
cows at T14. However, this result should be considered with limitation, 
due to the small subset size and statistical power. These results did not 
support the initial hypothesis that carbon-sorbent microporous spheres 
inserted in the uterus of postpartum cows could meaningfully modulate 
culture-based uterine bacterial populations.

This finding is consistent with their non-antimicrobial mode of ac
tion and suggests that their potential effect may rely on indirect mech
anisms, such as fluid adsorption and bacterial retention. However, 
several factors may have limited the effectiveness of these mechanisms 
in vivo. The postpartum uterine environment is characterized by the 
presence of lochia, cellular debris, and organic matter, which may 
compete with bacteria for adsorption sites on the carbon surface. In 
addition, rapid coating of the spheres by proteins and other biological 
components may reduce the availability of active binding sites. Finally, 
uterine contractions and fluid discharge may promote the physical 
expulsion of the spheres, reducing their residence time and, conse
quently, their capacity to effectively retain bacteria. Based on the 
culture-based bacterial assessment and uterine flush evaluation, no 
differences between groups were evident at T28, in contrast with Galvão 
et al. (2020), where a delayed shift in microbial composition was re
ported. Likewise, no evidence of detrimental effects on uterine health, 
postpartum fertility, or incidence of puerperal metritis was observed in 
cows receiving Carb treatment.

Some limitations of the present study should be acknowledged. The 

Fig. 7. Kaplan–Meier survival curves showing the proportion of non-pregnant 
cows over time in Carb and Ctrl cows included in the microbiological subset. 
No significant differences were detected according to Cox proportional hazards 
regression for covariates represented by treatment group, VD at T14 and anti
biotic treatment (P > 0.05).
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microbiological evaluation relied on culture-based methods and was 
conducted on a relatively small subset of cows, which may have limited 
the ability to detect modest treatment effects. In addition, the first 
uterine sampling was performed at day 14 postpartum, potentially 
missing changes occurring during the earliest phase of bacterial 
colonization.

Overall, these findings suggest that the activated carbon was safe 
under the conditions tested, but did not produce meaningful changes in 
the selected microbiological and clinical parameters evaluated under the 
conditions of the present study.

5. Conclusions

Treatment with activated carbon spheres did not significantly affect 
calving-to-conception interval, culture-based bacterial populations, or 
vaginal discharge score when compared with untreated control cows. No 
evidence of detrimental effects on uterine health, postpartum fertility, or 
incidence of puerperal metritis was observed, indicating that the ma
terial was well tolerated under the conditions of the present study. 
However, despite the adsorption capacity demonstrated in vitro, Carb 
administration did not produce meaningful changes in the selected 
microbiological or clinical parameters evaluated in vivo. Future studies 
should focus on optimizing material properties, dosing strategies and 
residence time within the uterus, as well as exploring combinations with 
antibacterial or anti-inflammatory approaches, to improve the potential 
of adsorption-based interventions for postpartum uterine health 
management.
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Kassé, F.N., Fairbrother, J.M., Dubuc, J., 2016. Relationship between Escherichia coli 
virulence factors and postpartum metritis in dairy cows. J. Dairy Sci. 99, 4656–4667. 
https://doi.org/10.3168/jds.2015-10094.

Kuznietsova, H., Ishchuk, A., Byelinska, I., Lysenko, T., Melnytsky, V., Ogloblya, O., 
Zaderko, A., Kalinina, A., Kryvosheiev, D., Lysenko, V., Dziubenko, N., 2025. Carbon 
dot based dressing for therapy of chemically-induced cutaneous burns. Sci. Rep. 15 
(1), 11019. https://doi.org/10.1038/s41598-025-90893-5.

LeBlanc, S.J., 2014. Reproductive tract inflammatory disease in postpartum dairy cows. 
Animal 8, 54–63. https://doi.org/10.1017/S1751731114000524.

Lisboa, F.P., Silvestre, W.P., Castro, J.O., Martins, G.V., Segabinazzi, L.G.T.M., 
Pauletti, G.F., Dell’Aqua, J.A., 2022. In vitro antimicrobial activity of selected 
essential oils against endometritis-causing microorganisms in mares. J. Equine Vet. 
Sci. 110, 103840. https://doi.org/10.1016/J.JEVS.2021.103840.

B.T. Cenci-Goga et al.                                                                                                                                                                                                                          Research in Veterinary Science 210 (2026) 106317 

8 

https://doi.org/10.1016/j.rvsc.2026.106317
https://doi.org/10.1016/j.rvsc.2026.106317
https://doi.org/10.3168/JDS.2009-2142
https://doi.org/10.1002/IJGO.13609
https://doi.org/10.1016/J.BPOBGYN.2023.102346
https://doi.org/10.1016/J.BPOBGYN.2023.102346
https://doi.org/10.3390/PATHOGENS10081066/S1
https://doi.org/10.3390/PATHOGENS10081066/S1
https://doi.org/10.4315/JFP-19-521
https://doi.org/10.4315/JFP-19-521
https://doi.org/10.1016/J.HELIYON.2022.E09209
https://doi.org/10.1016/J.HELIYON.2022.E09209
https://doi.org/10.1016/J.THERIOGENOLOGY.2023.09.016
https://doi.org/10.1016/J.THERIOGENOLOGY.2023.09.016
https://doi.org/10.3168/jds.2019-18028
https://doi.org/10.15360/1813-9779-2015-4-60-71
https://doi.org/10.15360/1813-9779-2015-4-60-71
https://doi.org/10.3168/JDS.S0022-0302(89)79081-0
https://doi.org/10.3168/JDS.S0022-0302(89)79081-0
https://doi.org/10.1016/j.rbmo.2014.07.015
https://doi.org/10.1128/AEM.01066-20
https://doi.org/10.3168/jds.2012-5922
https://doi.org/10.3389/FMICB.2020.00204
https://doi.org/10.4081/MR.2020.8623
https://doi.org/10.3168/JDS.2014-8462
https://doi.org/10.3168/JDS.2014-8462
https://doi.org/10.1371/JOURNAL.PONE.0092723
https://doi.org/10.1371/JOURNAL.PONE.0092723
https://doi.org/10.1016/J.THERIOGENOLOGY.2017.05.013
https://doi.org/10.3168/jds.2015-10094
https://doi.org/10.1038/s41598-025-90893-5
https://doi.org/10.1017/S1751731114000524
https://doi.org/10.1016/J.JEVS.2021.103840


Madaninasab, P., Mohammadzadeh, M., Labbaf, S., 2025. Carbon nanomaterials: 
exploring new frontiers in wound healing therapy. Bioeng. Transl. Med. 10, e70071. 
https://doi.org/10.1002/BTM2.70071.

Moore, S.G., Ericsson, A.C., Poock, S.E., Melendez, P., Lucy, M.C., 2017. Hot topic: 16S 
rRNA gene sequencing reveals the microbiome of the virgin and pregnant bovine 
uterus. J. Dairy Sci. 100, 4953–4960. https://doi.org/10.3168/JDS.2017-12592.

Mozaffari, A., Alimohammadi, F., Parvinzadeh Gashti, M., 2025. Functional carbon- 
based materials for blood purification: recent advances toward improved treatment 
of renal failure and patient quality of life. Bioengineering 12, 893. https://doi.org/ 
10.3390/BIOENGINEERING12080893.

Noakes, D.E., Parkinson, T.J., England, G.C.W., 2001. Arthur's Veterinary Reproduction 
and Obstetrics. In: Arthur's Veterinary Reproduction and Obstetrics, 8th ed. WB 
Saunders. https://doi.org/10.1016/B978-0-7020-2556-3.X5001-4.

O'Brien, J.M., Houseman, B.A., Allen, A.A., Barton, J.R., 2003. Methylcellulose gel is a 
superior contrast agent for ultrasound examination of the cervix in obstetric patients. 
Ultrasound Obstet. Gynecol. 21, 149–151. https://doi.org/10.1002/uog.42.

Paiano, R.B., de Sousa, R.L.M., Bonilla, J., Moreno, L.Z., de Souza, E.D.F., Baruselli, P.S., 
Moreno, A.M., 2023. In vitro effects of cinnamon, oregano, and thyme essential oils 
against Escherichia coli and Trueperella pyogenes isolated from dairy cows with 
clinical endometritis. Theriogenology 196, 106–111. https://doi.org/10.1016/j. 
theriogenology.2022.11.010.

Pascottini, O.B, Spricigo, J.F.W., Van Schyndel, S.J., Mion, B., Rousseau, J., Weese, J.S., 
LeBlanc, S.J., 2021. Effects of parity, blood progesterone, and non-steroidal anti- 
inflammatory treatment on the dynamics of the uterine microbiota of healthy 
postpartum dairy cows. PLoS One 16 (2), p.e0233943.

Pinedo, P.J., Velez, J.S., Bothe, H., Merchan, D., Piñeiro, J.M., Risco, C.A., 2015. Effect of 
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