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The study aim reports a new umbilical cord wound repair material based on modified chitosan-based nanosilver (CS-HDH/Ag
NPs). The repair of umbilical cord wound has always been the focus of neonatal departments. The study method chitosan,
which is famous for its “biological glue,” is used as a modifier to compound silver nanoparticles with strong coordination and
adsorption capacity of chitosan. It is worth noting that CS-HDH/Ag NPs has a significant inhibitory effect on common
bacterial infection and reduces the incidence of umbilical cord wound inflammation. The study problem wound bleeding and
stump shedding and other factors make the periumbilical cord vulnerable to bacterial infection. For study results, the porous
and lamellar structure endows the repair material with breathable properties and excellent antiadhesion, which greatly reduces
the number of dressing changes and effectively protects the skin of newborns. CS-HDH/Ag NPs provides a new model for
efficient neonatal health management.

1. Introduction

As the link between the fetus and the mother, the umbilical
cord provides an important channel for the fetus to absorb
nutrients and for the transfer of oxygen and blood [1, 2]. How-
ever, the umbilical cord needs to be cut after birth to prevent
jaundice or erythrocytosis from affecting the health of the new-
born. Previous clinical reports reveal that the period between
the cutting of the umbilical cord and its natural detachment
is a high incidence of umbilical bacterial infections in new-
borns, which will lead to redness and swelling of the umbilical
cord or surrounding skin tissues or will cause peritonitis or
sepsis, which poses a great threat to the life of the newborn
[3–6] (Figure 1). For this reason, the prevention and treatment
of umbilical cord wound infection in neonates have attracted
the attention of many scholars in the medical field.

Clinicians utilize iodine tincture or methyl violet solution
to prevent and treat newborn umbilical cord wound infections.
However, concentrated tincture of iodine is highly irritating,
and methyl violet solution is not bactericidal against certain
gram-negative and acid-resistant bacteria, reducing therapy
efficacy. In view of this, researchers considered the application
of medical dressings to promote the healing of umbilical cord
wounds in newborns. After a long phase of exploration, medi-
cal practitioners worldwide have a more complete understand-
ing of medical dressings [7–10]. Modernmedicine believes that
an ideal sterile dressing should have the following characteris-
tics [11–14]: one is nontoxic to the body, two is able to create
a sterile environment to isolate dust and microorganisms from
the external environment to infect the wound, three has a
hemostatic effect to accelerate wound healing, four is to absorb
wound exudate to avoid its infection of the tissue around the
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wound, and five has low adhesion to avoid secondary injury to
the wound during dressing change. The second injury was
caused by changing dressing. Traditional antimicrobial dress-
ings are mainly made of medical skimmed cotton, which is
inexpensive and simple to prepare. However, traditional anti-
microbial dressings also exhibit many limitations, including
the inability to absorb excess wound exudate, severe adhesion
to tissue, and poormicrobial isolation [15, 16]. Therefore, plans
to develop new dressings are urgently needed [17–19].

The rapid development of biotechnology has provided
new opportunities for researchers to design dressings with
superior performance. Chitosan (CS) is a natural polymeric
biomaterial, and studies have confirmed the outstanding
effects of CS in antibacterial, hemostatic, analgesic, and wound
healing, as well as its good biocompatibility and biodegradabil-
ity, which makes CS valuable as a raw material for medical
dressing applications [20–23]. In the in-depth study of CS,
researchers also found that the active hydroxyl and amino
groups within the molecular structure of CS have strong
chemical properties, which makes CS have good modifying
properties. Based on this excellent property, many scholars
aspire to design composite multifunctional dressings.

As an abundant metallic element in nature, silver (Ag) has
stable physicochemical properties and broad-spectrum anti-
bacterial effects, and it is widely used in multiple fields. The
development of nanotechnology has reduced the particle size
of metallic silver to the nanoscale, which has greatly expanded
the scope of Ag applications in various fields [24–27]. Distinct
from the sterilization mechanism of silver, nanosilver mate-
rials increase the relative specific surface area of silver particles,
and their electrostatic adsorption of bacteria, inhibition of bac-
terial respiration, and sterilization are more effective.

The umbilical cord connects the fetus to the mother and
offers a pathway for nutrition, oxygen, and blood flow. Umbil-
ical cord wound infections in neonates are treated with strong
iodine or methyl violet solution. The fast advancement of
biotechnology has opened new doors for researchers to create
improved dressings.

The study contribution chitosan modified nanosilver was
used as a rawmaterial to prepare composites to designmedical
antimicrobial dressings, which were also applied to the repair
treatment of umbilical cord wounds in newborns. The aim of
this work is to investigate the specific application effects of
chitosan-based nanosilver composites and to evaluate their
potential value. The study is reported below.

2. Materials and Methods

2.1. Clinical Data. Ninety-two neonates, 39 males and 51
females, born in the pediatric department of the Second
Hospital of Shaoyang College from August to November
2020, were selected for this study. They were divided into
control group and CS-HDH/Ag NPs group according to ran-
dom assignment, with 46 cases in each group. Inclusion criteria
included neonates delivered at term, normal weight, and no
signs of potential intrauterine infection during delivery, and
all subjects participating in this study had their families sign
an informed consent form. Exclusion criteria were neonates
requiring admission to an intensive care center or undergoing
asphyxia resuscitation. The differences in general information
between the two groups of neonates were not statistically signif-
icant and were comparable, as shown in Table 1.

2.2. Materials and Apparatus.Chitosan was provided by Qing-
dao Honghai Biotechnology Co., Ltd. (Shandong, China).
Acetic acid was provided by Hubei Yihang Biotechnology
Co., Ltd. (Hubei, China). 1-Hydroxymethyl-5,5-dimethylhy-
dantoin was provided by Jiangsu Aikang Biopharmaceutical
R&D Co., Ltd. (Jiangsu, China). Acetone solvent was provided
by Beijing Zhongnuo Taian Technology Co., Ltd. (Beijing,
China). Ethanol was provided by Shandong Juhe Biotechnol-
ogy Co., Ltd. (Shandong, China). Acetic acid solution was pro-
vided by Xi’an Qiyue Biotechnology Co., Ltd. (Shanxi, China).
Silver nitrate was provided by Shanghai Aladdin Biochemical
Technology Co., Ltd. (Shanghai, China). Borohydronium
was provided by Shanghai Yilang Chemical Co., Ltd. (Shang-
hai, China). Sterile gauze and cotton swabs were provided by
Henan Piaoan Group Co., Ltd. (Henan, China). Blood agar
plate was provided by Shanghai Qiyuan Biotechnology Co.,
Ltd. (Shanghai, China).

BC-6800 series fully automated hematocrit analyzer was
provided by Shenzhen Myriad Biomedical Electronics Co.,
Ltd. (Guangdong, China). Field Emission Scanning Electron
Microscope was provided by Funa Scientific Instruments
Co., Ltd. (Shanghai, China).

2.3. Preparation of Chitosan-Based Silver Nanocomposites.
0.1mol of chitosan powder was dissolved in a solution of ace-
tic acid with a volume fraction of 1%. An equimolar mass of 1-
hydroxymethyl-5,5-dimethylhydantoin (HDH) was contin-
ued to be added to the mixed solution, and the reaction was
stirred well under the condition of heating at 100°C in an oil
bath for 1d. After the reaction was continued, the solution
was cooled to room temperature. The solvent was removed
by centrifugation, and the obtained viscous product was added
to the acetone solution; the mixed liquid was stirred until
milky white, and the flocculent product was removed. After
the above steps were repeated three times, the solid product
of modified chitosan (CS-HDH) was then washed and dried
by ethanol. The synthesized CS-HDH was dissolved in acetic
acid solution, and 0.05mol/L silver nitrate solution was added
dropwise to the solution with magnetic stirring for 20min.
0.3mol/L sodium borohydride solution was added dropwise,
and the reaction was left for 1.5 h to obtain CS-HDH/Ag
NPs solution. Finally, the CS-HDH/Ag NPs thin film material

Skin microenvironment
of umbilical cord wound in newborn

Figure 1: Schematic diagram of skin microenvironment around
neonatal umbilical cord wound.
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was prepared by gel precipitation film casting-volatilization
method.

2.4. Repair of Umbilical Cord Wounds in Newborns. After the
birth of the newborn, the fetal umbilical cord was cut, the
blood stains at the cord were cleaned, and the cord was ligated
in the usual way. After the newborns were bathed for the first
time, 75% ethanol was used to disinfect the umbilical cord
section. In the control group, the stump of the umbilical cord
was covered with sterile gauze and then bandaged daily, while
in the CS-HDH/Ag NPs group, CS-HDH/Ag NPs film
material was applied to the umbilical cord section and then
bandaged with sterile gauze, which was changed every 24h.
The umbilical cord wound should be wrapped in such a way
that it does not affect its blood circulation function, and the
gauze should not rotate or fall off easily.

2.5. Observed Indicators of Umbilical Cord Wound Repair

2.5.1. Stopping Bleeding and Detachment of Umbilical Cord
Stump. After cutting the umbilical cord of newborns, observe
the time of stopping bleeding and the time of drying and shed-
ding of the umbilical cord stump in both groups.

2.5.2. Bacterial Infection. After the neonates in both groups
received umbilical cord wound repair, the secretions from
the umbilical cord sections of each group were taken for
bacterial culture experiments. Briefly, saline was used to wash
around the umbilical cord of the newborns, and then, a sterile
cotton swab was used to collect secretions from the crusted
part of the wound into a test tube for backup. The collection
of secretions from the wound is done in strict adherence to
aseptic guidelines. The secretions were transferred to a blood
agar plate at 35°C and incubated for 36h. Suspected colonies
were picked and identified using a fully automated bacterial
identifier. The identified bacteria included Staphylococcus
aureus (Sa.), Escherichia coli (E. coli), Group B hemolytic
streptococci (GBS), and Pseudomonas aeruginosa (Pa.).

2.5.3. Indicators of Inflammation. Improperly treated umbil-
ical cord wounds in newborns can lead to bacterial invasion
and multiplication of the umbilical stump and cause umbili-
citis. Therefore, after using the CS-HDH/Ag NPs film mate-
rial, blood was collected from the newborns for routine
blood tests and the inflammation assessment indicators
specifically included white blood cells (WBC), neutrophils,
C-reactive protein (CRP), and calcitonin gene (PCT).

2.5.4. Periumbilical Skin Condition. During daily dressing
changes, the skin condition around the umbilical cord was
observed, and a distinction was made between normal new-
borns, patients with minor infections, and patients with
severe infections. Among them, a little clear or yellowish
mucus exuded from the umbilical cord wound, but no odor
indicated that the newborn returned to normal. A mildly red
and swollen umbilical chakra and periumbilical skin with a
little pus visible in the umbilical fossa along with a slight
odor is judged as a mild infection. If the skin around the
umbilicus is obviously red, swollen, and hard, with a foul
odor, the infection is considered severe.

2.6. Statistical Analysis. The experimental data collected in
this study were statistically analyzed by the SPSS 25.0 statis-
tical software. Continuous data were expressed as mean ±
standard deviation, and discontinuous data were expressed
as percentage (%).

3. Results and Discussion

3.1. Characterization of CS-HDH/Ag NPs Thin Film Material.
The characterization images of CS-HDH/Ag NPs thin film
materials under scanning electron microscopy (SEM) are
shown in Figure 2. The dried composite film material has
excellent network formation, and the silver nanoparticles are
uniformly dispersed within the chitosan without obvious
agglomeration due to the chelation between the silver ions
and the lone pair of electrons within the chitosan.

3.2. Hemostasis and Detachment of the Umbilical Cord Stump.
The hemostasis, stopping time of bleeding and drying, and
detachment time of the umbilical cord stump in neonates with

Table 1: Clinical information.

Parameter
Group

Control (n = 46) CS-HDH/Ag NPs (n = 46)

Sex
Male 20 (43.48%) 19 (41.30%)

Female 26 (55.52%) 27 (58.70%)

Gestational age (week) 39:46 ± 1:13 39:65 ± 1:22
Weight (kg) 3:41 ± 0:32 3:27 ± 0:39
Hospital stay (d) 5:91 ± 0:55 5:88 ± 0:62

Figure 2: Scanning electron microscope (SEM) images of chitosan-
based nanosilver thin film materials (CS-HDH/Ag NPs).
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cut umbilical cord were observed, and the results are shown in
Figure 3. The time to stop bleeding from the umbilical cord
incision in the CS-HDH/Ag NPs group was 1.09h, which
was significantly lower than that of the control group, which
was 1.53h (Figure 3(a)). The time to stop bleeding from the
umbilical cord incision in the CS-HDH/Ag NPs group was
4.96h, which was shorter than that of the control group, which
was 8.18h (Figure 3(b)). The drying time of the umbilical cord
stump was 31.09h in the CS-HDH/Ag NPs group and 66.58h
in the control group, which was shorter in the CS-HDH/Ag
NPs group (Figure 3(c)). There was also a significant differ-
ence in the detachment time of the umbilical cord stump
between the two groups (Figure 3(d)), with a shorter time
for the CS-HDH/Ag NPs group (119.64h) than the control
group (161.16h). The results indicated that the experimentally
prepared CS-HDH/Ag NPs composites could accelerate the
repair time of umbilical cord wounds in neonates.

3.3. Bacterial Infection. The results of the bacterial culture at
the umbilical cord wound of the newborn are shown in
Figure 4. A total of 27 pathogenic strains were isolated from
the control group, and the bacterial detection rate was
58.70% (Figure 4(a)). Among them, 9 strains (19.57%) of Sa.,
8 strains (17.39%) of E. coli, 4 strains (8.70%) of GBS, and 6
strains (13.04%) of Pa. were isolated from the CS-HDH/Ag
NPs group, with a bacterial detection rate of 15.22%
(Figure 4(b)). Among them, Sa. was 2 strains (4.35%), E. coli
was 3 strains (6.52%), GBS was 1 strain (2.17%), and Pa. was

1 strain (2.17%). The data showed that the chitosan-based
nanosilver composites had good antibacterial property and
significantly improved bacterial infections in neonates after
cutting the umbilical cord.

3.4. Inflammatory Indicators. Clinical cutting of the umbili-
cal cord is often associated with the invasion of pathogens
such as bacteria, leading to umbilical cord inflammation.
In view of this, regular testing of inflammation-related indi-
cators is helpful for health care workers to respond quickly
and accurately to neonatal-related diseases. In this work,
WBC, neutrophil, CRP, and PCT were quantified in new-
borns from 3 to 11 days of age, and the results are shown
in Figure 5. In the control group, the WBC index showed
an increasing trend from 18:33 × 109 cells/L to 21:98 × 109
cells/L. In the CS-HDH/Ag NPs group, the WBC index
was 17:91 × 109 cells/L at 3 days after birth, and then, it fluc-
tuated up and down, and at day 11, the WBC index was
18:19 × 109 cells/L on day 11 (Figure 5(a)). In the control
group, the neutrophil index increased from 11:21 × 109
cells/L to 13:75 × 109 cells/L, whereas in the CS-HDH/Ag
NPs group, the neutrophil index was 10:98 × 109 cells/L on
the third day after birth and fluctuated in the following days
to 11:10 × 109 cells/L on the 11th day. The neutrophil count
was 11:10 × 109 cells/L at day 11 (Figure 5(b)). There was a
significant difference in the changes of CRP index between
the two groups of neonates (Figure 5(c)), where the CRP
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Figure 3: Comparison of hemostasis and shedding time of umbilical cord stump: (a) stop bleeding time; (b) stop oozing time; (c) drying
time of umbilical cord stump; (d) shedding time of umbilical cord stump.
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concentration was 9:46 ± 0:14mg/L in the control neonates
on day 3 of life and 12:07 ± 0:21mg/L on day 11, with a sig-
nificant increase in CRP levels. In contrast, the CRP index of
neonates in the CS-HDH/Ag NPs group decreased from

8:22 ± 0:17mg/L to 7:97 ± 0:18mg/L. Comparing the PCT
index of neonates in both groups (Figure 5(d)), the PCT
index in the control group increased from 3:25 ± 0:15ng/
mL to 6:09 ± 0:21ng/mL, whereas the PCT index of the
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Figure 4: Analysis of bacterial infection: (a) control group; (b) CS-HDH/Ag NPs group.
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Figure 5: Inflammatory markers: (a) white blood cell; (b) neutrophils; (c) C-reactive protein; (d) procalcitonin.
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CS-HDH/Ag NPs group fluctuated between 0:83 ± 0:12ng/
mL and 1:18 ± 0:19ng/mL. The experimental results showed
that the CS-HDH/Ag NPs film material for neonatal umbil-
ical cord wound repair was effective in antimicrobial activity,
suppressing inflammatory indexes and alleviating neonatal
inflammation.

3.5. Periumbilical Skin Condition. The periumbilical skin con-
dition of the newborns was observed during daily dressing
changes to assess the effectiveness of the repair of the neonatal
cord wounds, and the results are shown in Figure 6. Among
them, 15 cases (32.61%) had normal periumbilical skin condi-
tion in the control group. Twenty-one cases (45.65%) were
slightly infected. The 10 cases with severe infection accounted
for 21.74%. In the CS-HDH/Ag NPs group, there were 39 neo-
nates with normal periumbilical skin condition, accounting
for 84.78%. Five cases (10.87%) were slightly infected. Two
cases, or 4.35%, were severely infected. The data showed that
the application of CS-HDH/Ag NPs filmmaterial significantly
improved the problems of periumbilical skin redness and
hardness and accelerated the repair of umbilical cord wounds
in newborns.

3.6. Discussion. The umbilical cord is the link of material
exchange between the mother and the fetus, transporting
oxygen, energy, and nutrients to the developing fetus, and
this stage is from the birth of the fetus up to the time when
the umbilical cord of the newborn needs to be cut. After the
umbilical cord is cut, the newborn’s wounds exposed to the
external environment are open wounds, and skin colonies
are formed within a few hours. Therefore, improper repair
of the umbilical cord wound will pose a threat to the health
of the newborn.

Silver is a broad-spectrum antibacterial material that is
useful in preventing wound infection and promoting wound
drying, crusting, and healing. Meanwhile, chitosan, as a nat-
ural antibacterial material, gains a lot in long-lasting bacteri-
cidal effect. In view of this, a chitosan-based nanosilver
composite was prepared in this work to achieve the manage-
ment of umbilical cord wounds in neonates.

Clinical observations revealed that CS-HDH/Ag NPs
film material can effectively shorten the cessation time of
bleeding and drying time and detachment time of umbilical
cord stump in neonates due to the unique surface effect of
nanosilver with bacteria. Nanosilver can bind to the -SH
base of bacterial metabolic enzymes and inhibit bacterial
metabolism, while achieving enhanced bacterial inactivation
by binding to DNA bases of pathogenic bacteria [28–30].
This conclusion is consistent with the results of bacterial
infection experiments in the present study. Given the com-
bined antibacterial effect of nanosilver and chitosan, this
experiment also achieved control of umbilical cord inflam-
mation and accelerated the repair of umbilical cord wounds
in newborns.

In conclusion, the CS-HDH/Ag NPs composite was effec-
tive in repairing umbilical cord wounds in neonates. Com-
pared with traditional gauze, the composite material has
excellent antiadhesion effect and can improve clinical effi-
ciency. The application of this material provides a simpler
option for neonatal units and deserves to be widely promoted.

4. Conclusion

The nanosilver composite film material (CS-HDH/Ag NPs)
based on modified chitosan (CS-HDH) plays an important
role in the repair of umbilical cord wounds in newborns, as
it can effectively inhibit the infection of umbilical cord wounds
and suppress the inflammation of umbilical cord while main-
taining a good skin environment, and it provides a new raw
material for neonatal units, according to the findings.

Data Availability

The data underlying the results presented in the study are
available within the manuscript.

Ethical Approval

Research experiments conducted in this article with human
were approved by the Medical Ethics Committee of Second
Affiliated Hospital of Shaoyang University following all guide-
lines, regulations, legal, and ethical standards as required for
animals.

Conflicts of Interest

There is no potential conflict of interest in our paper,

Authors’ Contributions

All authors have seen the manuscript and approved to sub-
mit to your journal.

Acknowledgments

Thanks are due to the Department of Pediatrics, Second
Affiliated Hospital of Shaoyang University for assistance
with the equipment.

21.74
100

80

60

40

Pe
rc

en
ta

ge
 (%

)

20

0
Control CS-HDH-/Ag NPs

Group

10.87

84.78

4.35

45.65

32.61

Seriously infect
Mild infect
Normal

Figure 6: Skin condition around umbilicus of newborn.

6 Journal of Nanomaterials



References

[1] A. Krzyżanowski, M. Kwiatek, T. Gęca, A. Stupak, and
A. Kwaśniewska, “Modern ultrasonography of the umbilical
cord: prenatal diagnosis of umbilical cord abnormalities and
assessement of fetal wellbeing,” Medical Science Monitor,
vol. 25, pp. 3170–3180, 2019.

[2] H. Muniraman, T. Sardesai, and S. Sardesai, “Disorders of the
umbilical cord,” Pediatrics in Review, vol. 39, no. 7, pp. 332–
341, 2018.

[3] D. Stewart, W. Benitz, and Committee On Fetus And New-
born, “Umbilical cord care in the newborn infant,” Pediatrics,
vol. 138, no. 3, pp. e20162149(1)–e20162149(7), 2016.

[4] D. Mukunya, M. Haaland, J. Tumwine, T. Tylleskär,
V. Nankabirwa, and K. Moland, ““The cord is the child”: mean-
ings and practices related to umbilical cord care in central
Uganda,” BMC Pediatrics, vol. 20, no. 1, pp. 105–114, 2020.

[5] L. Mallick, J. Yourkavitch, and C. Allen, “Trends, determi-
nants, and newborn mortality related to thermal care and
umbilical cord care practices in South Asia,” BMC Pediatrics,
vol. 19, no. 1, pp. 248–264, 2019.

[6] L. C. Mullany, G. L. Darmstadt, J. Katz et al., “Risk of mortality
subsequent to umbilical cord infection among newborns of
southern Nepal: cord infection and mortality,” Pediatric Infec-
tious Disease Journal, vol. 28, no. 1, pp. 17–20, 2009.

[7] H. Yu, X. J. Chen, J. Cai, D. D. Ye, Y. X. Wu, and P. F. Liu,
“Dual controlled release nanomicelle-in-nanofiber system for
long-term antibacterial medical dressings,” Journal of Bioma-
terials Science, vol. 30, pp. 1–25, 2019.

[8] S. Homaeigohar and A. R. Boccaccini, “Antibacterial biohy-
brid nanofibers for wound dressings,” Acta Biomaterialia,
vol. 107, pp. 25–49, 2020.

[9] A. Bal-Öztürk, B. Özkahraman, Z. Özbaş, G. Yaşayan,
E. Tamahkar, and E. Alarçin, “Advancements and future
directions in the antibacterial wound dressings a review,” Jour-
nal of Biomedical Materials Research Part B: Applied Biomate-
rials, vol. 109, no. 5, pp. 703–716, 2021.

[10] Z. W. Li and M. Knetsch, “Antibacterial strategies for wound
dressing: preventing infection and stimulating healing,” Cur-
rent Pharmaceutical Design, vol. 24, no. 8, pp. 936–951, 2018.

[11] W. Y. Li, B. X. Wang, M. H. Zhang et al., “All-natural injectable
hydrogel with self-healing and antibacterial properties for
wound dressing,” Cellulose, vol. 27, no. 5, pp. 2637–2650, 2020.

[12] X. Y. Sun, M. N. Dong, Z. R. Guo et al., “Multifunctional
chitosan-copper-gallic acid based antibacterial nanocomposite
wound dressing,” International Journal of Biological Macro-
molecules, vol. 167, pp. 10–22, 2021.

[13] G. Tao, R. Cai, Y. J. Wang, H. Zuo, and H.W. He, “Fabrication
of antibacterial sericin based hydrogel as an injectable and
mouldable wound dressing,” Materials Science and Engineer-
ing: C, vol. 119, no. 38, pp. 111597–111597, 2021.

[14] M. Aljghami, S. Saboor, and S. Amini-Nik, “Emerging innova-
tive wound dressings,” Annals of Biomedical Engineering,
vol. 47, no. 3, pp. 659–675, 2019.

[15] J. L. Daristotle, L. W. Lau, M. Erdi et al., “Sprayable and biode-
gradable, intrinsically adhesive wound dressing with antimi-
crobial properties,” Bioengineering & Translational Medicine,
vol. 5, no. 1, pp. e10149(1)–e10149 (33), 2020, 5.

[16] K. Chen, F. Y. Wang, S. Y. Liu, X. F. Wu, L. M. Xu, and D. K.
Zhang, “In situ reduction of silver nanoparticles by sodium
alginate to obtain silver-loaded composite wound dressing

with enhanced mechanical and antimicrobial property,” Inter-
national Journal of Biological Macromolecules, vol. 148,
pp. 501–509, 2020.

[17] Z. M. Wei, L. Q. Wang, S. Y. Zhang et al., “Electrospun anti-
bacterial nanofibers for wound dressings and tissue medicinal
fields: a review,” Journal of Innovative Optical Health Sciences,
vol. 13, no. 5, pp. 2030012–2030012(17), 2020.

[18] B. B. Qiao, Q. Pang, P. Q. Yuan, Y. L. Luo, and L. Ma, “Smart
wound dressing for infection monitoring and NIR-triggered
antibacterial treatment,” Biomaterials Science, vol. 8, no. 6,
pp. 1649–1657, 2020.

[19] C. Xu, O. U. Akakuru, X. H. Ma, J. P. Zheng, J. Zheng, and
A. G. Wu, “Nanoparticle-based wound dressing: recent prog-
ress in the detection and therapy of bacterial infections,” Bio-
conjugate Chemistry, vol. 31, no. 7, pp. 1708–1723, 2020.

[20] S. N. Kulikov, L. T. Bayazitova, O. F. Tyupkina et al., “Evalua-
tion of a method for the determination of antibacterial activity
of chitosan,” Applied Biochemistry and Microbiology, vol. 52,
no. 5, pp. 502–507, 2016.

[21] J. H. Li, Y. G. Wu, and L. Q. Zhao, “Antibacterial activity and
mechanism of chitosan with ultra high molecular weight,”
Carbohydrate Polymers, vol. 148, pp. 200–205, 2016.

[22] J. H. Li and S. L. Zhuang, “Antibacterial activity of chitosan
and its derivatives and their interaction mechanism with bac-
teria: current state and perspectives,” European Polymer Jour-
nal, vol. 138, pp. 109984–109984(12), 2020.

[23] M. D’almeida, N. Attik, J. Amalric et al., “Chitosan coating as
an antibacterial surface for biomedical applications,” Plos
One, vol. 12, no. 12, pp. e0189537(1)–e0189537(11), 2017.

[24] I. Khan, N. Sivasankaran, R. Nagarjuna, R. Ganesan, and J. Ray
Dutta, “Extracellular probiotic lipase capped silver nanoparti-
cles as highly efficient broad spectrum antimicrobial agents,”
RSC Advances, vol. 8, no. 55, pp. 31358–31365, 2018.

[25] S. Paosen, S. Jindapol, R. Soontarach, and S. P. Voravuthi-
kunchai, “Eucalyptus citriodora leaf extract-mediated biosyn-
thesis of silver nanoparticles: broad antimicrobial spectrum
and mechanisms of action against hospital-acquired patho-
gens,” Microbiology and Immunology, vol. 127, no. 12,
pp. 764–778, 2019.

[26] T. I. Shaheen and A. A. Abd El Aty, “In-situ green myco-
synthesis of silver nanoparticles onto cotton fabrics for broad
spectrum antimicrobial activity,” International Journal of Bio-
logical Macromolecules, vol. 118, pp. 2121–2130, 2018.

[27] P. Devagi, T. C. Suresh, R. V. Sandhiya et al., “Actinobacterial-
mediated fabrication of silver nanoparticles and their broad
spectrum antibacterial activity against clinical pathogens,”
Journal of Nanoscience and Nanotechnology, vol. 20, no. 5,
pp. 2902–2910, 2020.

[28] S. Pramanik, S. Chatterjee, A. Saha, P. S. Devi, and G. Suresh
Kumar, “Unraveling the interaction of silver nanoparticles
with mammalian and bacterial DNA,” The Journal of Physical
Chemistry B, vol. 120, no. 24, pp. 5313–5324, 2016.

[29] B. Buszewski, I. A. Rațiu, M. Milanowski, P. Pomastowski, and
T. Ligor, “The effect of biosilver nanoparticles on different bac-
terial strains’ metabolism reflected in their VOCs profiles,”
Journal of Breath Research, vol. 12, no. 2, pp. 027105(1)–
027105(11), 2018.

[30] H. W. Chien, M. Y. Tsai, C. J. Kuo, and C. L. Lin, “Well-dis-
persed silver nanoparticles on cellulose filter paper for bacte-
rial removal,” Nanomaterials, vol. 11, no. 3, pp. 595–595(12),
2021.

7Journal of Nanomaterials


	Analysis of Chitosan-Based Nanosilver Composites for the Repair of Umbilical Cord Wounds in Newborns
	1. Introduction
	2. Materials and Methods
	2.1. Clinical Data
	2.2. Materials and Apparatus
	2.3. Preparation of Chitosan-Based Silver Nanocomposites
	2.4. Repair of Umbilical Cord Wounds in Newborns
	2.5. Observed Indicators of Umbilical Cord Wound Repair
	2.5.1. Stopping Bleeding and Detachment of Umbilical Cord Stump
	2.5.2. Bacterial Infection
	2.5.3. Indicators of Inflammation
	2.5.4. Periumbilical Skin Condition

	2.6. Statistical Analysis

	3. Results and Discussion
	3.1. Characterization of CS-HDH/Ag NPs Thin Film Material
	3.2. Hemostasis and Detachment of the Umbilical Cord Stump
	3.3. Bacterial Infection
	3.4. Inflammatory Indicators
	3.5. Periumbilical Skin Condition
	3.6. Discussion

	4. Conclusion
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

