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Nanobacterial detection in aqueous humor and its effect on
postphacoemulsification visual acuity among highly myopic
patients
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This study aimed to investigate factors affecting visual outcomes after phacoemulsification in highly myopic
patients with cataracts, based on the detection of nanobacteria (NB) in aqueous humor. Fifty highly myopic
patients with cataracts who underwent phacoemulsification surgery at The First People’s Hospital of Ziyang
from December 2022 to June 2023 were enrolled. Aqueous humor samples were gathered from patients before
surgery, and NB were isolated and cultured from the aqueous humor. They were identified using scanning electron
microscopy and transmission electron microscopy. The calcium-phosphorus ratios in NB cultures (NB group)
and nanohydroxyapatite (nHA) cultures (nHA group) were determined by energy-dispersive X-ray spectroscopy.
Cell inhibition was compared using a CCK-8 assay. The expressions of calcification-related proteins, bone mor-
phogenetic protein 2, osteopontin, apoptosis-related proteins, B-cell lymphoma 2 (Bcl-2), and Bcl-2—associated
X protein in cells were examined by western blot. Based on the best-corrected visual acuity (VA) 3 months after
surgery, patients were classified into a normal vision (NV) group (best-corrected VA >0.3) and an abnormal vision
(AV) group (best-corrected VA <0.3). The factors influencing postoperative VA and efficacy were analyzed. Results
revealed that the characteristics of the aqueous humor cultures were consistent with the features of NB described
in the literature, with NB measuring approximately 90 to 340 nm in transmission electron microscopy. Energy-
dispersive X-ray results indicated no remarkable difference in calcium-phosphorus ratios between the NB and
nHA groups (p > 0.05), but the NB group exhibited remarkably stronger cell inhibition relative to the nHA group
(p <0.05). Western blot results revealed obviously higher levels of bone morphogenetic protein 2, osteopontin,
and Bcl-2—-associated X proteins in the NB group compared to the nHA group (p < 0.05), while Bel-2 expression
was sharply lower, with a great difference in the NB group (p > 0.05). The gap in best-corrected VA 1 month after
surgery between the NV group (68%) and the AV group (32%) was obvious (p < 0.05). With increasing recovery
time, the number of patients with best-corrected VA >0.3 at 6 months postoperatively substantially increased
(86%). The NB-positive rate in the aqueous humor samples was observably lower in the NV group than the rate in
the AV group (p <0.05). Univariate logistic regression analysis revealed great differences in age, duration of high
myopia, axial length (AXL), corneal astigmatism, incidence of macular disease, and NB-positive rate (p < 0.05).
Multivariate logistic regression analysis indicated that AXL and the presence of NB in the aqueous humor were
independent factors influencing the postoperative visual prognosis of highly myopic patients with cataracts (p <
0.05). The experimental results signified that NB cultures suppressed cells and, at the cellular level, influenced
the visual recovery after surgery by regulating the expression of calcification-related proteins and mitochondrial
apoptosis-related proteins. Multivariate logistic regression analysis further confirmed that AXL and the presence
of NB in the aqueous humor were independent factors affecting the postoperative visual prognosis. This finding
offered strong support for the future development of relevant treatment modalities.
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Cataract is a condition where the eye’s crystalline lens
becomes opaque, leading to a decrease in the visual acuity
(VA) of patients. Some studies suggest that cataracts are often
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associated with lens calcification and tissue hardening. The
efficacy of phacoemulsification surgery becomes a matter of
significant concern when cataracts are combined with high
myopia. Patients with high myopia typically exhibit elongated
axial length (AXL), thinner retinas, and altered ocular biome-
chanical properties, which increase the risk of intraoperative
complications (e.g., posterior capsule rupture) and affect post-
operative visual outcomes (including slower visual recovery
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and a higher incidence of retinal detachment) [1,2]. Therefore,
identifying factors influencing postoperative vision recovery
in this specific population is critical. Currently, the detection
of nanobacteria (NB) in aqueous humor has emerged as a
novel technique in ophthalmic research. Although NB has
been extensively studied in conditions such as renal calculi
and atherosclerosis, its presence and role in the aqueous
humor of patients with cataracts, particularly those with high
myopia, remain largely unexplored, representing a significant
knowledge gap in the field. Detecting the presence of NB
may provide deeper insights into alterations in the intraocular
microenvironment, thereby offering a more precise basis for
clinical management.

NB is a kind of prokaryotic microorganism, which is
characterized by its extremely small size, with a diameter
ranging from 20 to 200 nm. However, there is a controversy
about the nature of NB. The current consensus tends to regard
these particles as probably not being truly living organisms
but rather abiotic mineralized nanoparticles, fragments of
biofilms, and so on. In recent years, the potential role of
microbial factors such as NB in aqueous humor has garnered
increasing attention. Nanoparticle-based carriers have shown
promise in optimizing the biocompatibility of intraocular
lenses [3]; however, their detection efficacy in aqueous humor
and their impact on surgical outcomes require further system-
atic investigation. NB exhibits typical microbial features,
including a cell membrane, DNA, and other characteristic
microbial traits. What sets it apart is its tiny size, unique
structure, and the ability to initiate biological mineralization
processes, leading to the precipitation of mineral substances
[4]. Clinical studies on NB have shown a significant correla-
tion between NB and various diseases such as kidney stones,
Alzheimer’s disease, atherosclerosis, gallstones, and more.
It is proposed that NB is related to the process of biominer-
alization and may exert an effect in the generation of stones
and mineral deposits [5—7]. Studies reported that NB can
be cultured from bile and/or gallstones [8]. Additionally,
NB exhibits certain cytotoxicity [9]. There is still a debate
about whether NB is a bacterium or part of a biologic entity.
However, most scholars agree that NB can slowly generate
hydroxyapatite encapsulation under conditions of pH 7.4
and physiologic calcium and phosphorus concentrations.
This process leads to calcification of the tissue where NB is
located [10].

Cellular calcification refers to the phenomenon of calcium
salt deposition within or around cells. This is a biominer-
alization process that typically involves the precipitation of
calcium-phosphate compounds, with hydroxyapatite being
the most common [11]. The detection of cellular calcification
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is often quantified by measuring the levels of calcification-
related proteins (CRPs), such as bone morphogenetic protein
2 (BMP-2) and osteopontin (OPN). BMP-2 can induce the
differentiation of stem cells into osteoblasts, promoting bone
formation through the formation of hydroxyapatite. OPN is
a highly expressed phosphoprotein in bone and tooth tissues
with various biologic functions, including the regulation of
cell adhesion, migration, differentiation, and mineralization.
It is involved in the deposition of calcium-phosphate and
the crystallization of hydroxyapatite [12]. Partial chondro-
calcinosis often occurs in tumor treatment, and studies have
suggested that hydroxyapatite not only induces calcification
of cartilage but also promotes cell apoptosis simultaneously
[13]. Cell apoptosis is a programmed cell death process
regulated by various protein families. Hydroxyapatite is
believed to potentially influence the activity of apoptosis-
related proteins (ARPs), such as B-cell lymphoma 2 (Bcl-2)
and Bcl-2—associated X protein (Bax), disrupt mitochondrial
membrane integrity, and participate in the regulation of cell
apoptosis [14].

This study aimed to investigate the impact of NB detected
in aqueous humor on postoperative VA outcomes after phaco-
emulsification in patients with cataracts with high myopia.
The primary outcome measures included best-corrected VA;
visual recovery rate at 1, 3, and 6 months postoperatively; and
the correlation between NB positivity and these outcomes.
This work delved into the potential mechanisms of action
of NB in phacoemulsification surgery for highly myopic
patients with cataracts through the detection of NB in the
aqueous humor. The aim is to offer a scientific foundation for
the development of relevant treatment modalities.

METHODS

Experimental instruments and materials: The required
materials for the experiment included the isolation and
identification of NB conducted in this study. Other mate-
rials used encompassed nanohydroxyapatite (nHA) powder
(H106378-100 g; Shanghai Aladdin Biochemical Tech-
nology Co., Ltd., Shanghai, China); C2BBel human colon
cancer cells (bi0-69363; American Type Culture Collection,
Manassas, VA); gamma-irradiated fetal bovine serum (FBS;
Thermo Fisher, Waltham, MA); 1640 culture medium (Gibco,
Grand Island, NY); phosphate-buffered saline buffer (Merck,
Rahway, NJ); CCK-8 assay kit (Abcam, Cambridge, UK);
BMP-2 rabbit anti-human polyclonal antibody, OPN rabbit
antihuman monoclonal antibody, Bcl-2 rabbit antihuman
monoclonal antibody, and Bax rabbit antihuman monoclonal
antibody (Wuhan Huamei Biotechnology Co., Ltd., Wuhan,
China); internal control B-actin rabbit antihuman monoclonal
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antibody (Abcam); skimmed milk powder (Guangzhou Jiheng
Pharmaceutical Technology Co., Ltd., Guangzhou, China);
Tween-20 (Shanghai Aladdin Biochemical Technology
Co., Ltd., Shanghai, China); ECL chemiluminescence kit
(Shanghai Maclin Biochemical Technology Co., Ltd.); BCA
protein concentration determination kit (Sigma-Aldrich, St.
Louis, MO); TBS buffer (Gibco); Coomassie brilliant blue
(Wuhan Canos Technology Co., Ltd., Wuhan, China); eosin
(Suzhou Alpha Bioinstrumentation Co., Ltd., Suzhou, China);
deionized water (Shanghai Aladdin Biochemical Technology
Co., Ltd.); RIPA lysis buffer and bovine serum albumin (BSA;
Shanghai Beyotime Biotechnology Co., Ltd., Shanghai,
China); Tris-buffered saline with Tween-20 (TBST) buffer
(Abcam); and sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE; Thermo Fisher).

The required instruments for the experiment included
the Hitachi H-80B low-temperature ultracentrifuge (Hitachi,
Tokyo, Japan), the HH-US-A constant temperature water bath
(Shanghai Hetian Scientific Instrument Co., Ltd., Shanghai,
China), 0.22-um/0.45-um bacterial filters (Millipore, Burl-
ington, MA), MODEL3164 CO, incubator (Forma Scientific,
Waltham, MA), KYKY2800 SEM (Beijing Zhongke KeYi
Technology Development Co., Ltd., Beijing, China), Hitachi
H-7650 TEM (Hitachi), Spectra Max Plus384 fully automatic
enzyme marker (Molecular Devices, San Jose, CA), 3612ES10
polyvinylidene fluoride imprint membrane (Yisheng Biotech-
nology Co., Ltd., Yisheng, China), VANTAGE DSI energy-
dispersive X-ray spectrometer (NORAN, Blaine, MN), and
DEN-1 and DEN-IB turbidity meter (Guangzhou Diancheng
Biotechnology Co., Ltd., Guangzhou, China).

Culture and identification of NB:

NB culture—Patient preoperative aqueous humor
samples (0.5 ml each) were collected and centrifuged in a
centrifuge at 251.8 xg for 10 min. The resulting supernatant
was then sequentially filtered through 0.45-pm and 0.22-pm
bacterial filters. The filtered sample was introduced to 1 ml
1640 culture medium containing gamma-irradiated FBS
for cultivation (37 °C, 5% CO,). The medium was updated
every 40 days, and observations were made after the white
precipitate indicated that NB had successfully been culti-
vated. A negative control was established by incubating an
equivalent volume of complete culture medium (1640 medium
containing y-irradiated FBS) without patient aqueous humor
under identical conditions (37 °C, 5% CO,) for over 40 days,
with regular observation for the formation of white precipi-
tate. No precipitate formation was observed in any negative
control, ruling out contamination from the medium or serum.
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NB positivity was defined as follows: after 40 days of
culture, aqueous humor samples exhibiting white precipitate
visible to the naked eye were further confirmed by scanning
electron microscopy (SEM) or transmission electron micros-
copy (TEM) to exhibit morphological characteristics consis-
tent with NB. The NB positivity rate (%) was calculated as
(number of NB-positive samples / total number of samples)
% 100%.

NB identification—Morphological observations of
successfully cultured NB were performed using SEM and
TEM. A small amount of the white precipitate obtained after
successful culture was mixed with phosphate-buffered saline
buffer, followed by a 20-min centrifugation at 251.8 Xg to
eliminate supernatant, and the acquired precipitate was then
blended with 1640 culture medium containing 10% FBS to
create a suspension. The NB suspension was dropped onto a
slide, fixed with 4% glutaraldehyde, dehydrated in a gradient
ethanol series, dried, and observed for morphology under a
scanning electron microscope. For TEM, the NB suspension
was dropped onto a copper grid with a membrane, dried,
and stained with a mixture of phosphotungstic acid (10 g/1)
and sodium hydroxide (5 min). After drying, the sample was
observed for morphology under a TEM.

Mechanism by which NB leads to cell calcification: Given
that the core pathogenic mechanism of NB involves the
secretion of nHA and subsequent induction of calcification,
an nHA group was included as a control in this study to
differentiate whether the observed cellular effects (inhibition,
calcification, apoptosis) originate from the biologic activity
of NB or are solely attributable to the nHA minerals they
produce. The experimental C2BBel human colon cancer cells
were sourced from the American Type Culture Collection
under batch number bio-69363. Suspensions of NB and nHA
with a turbidity of 2 McFarland units were prepared and set
aside. The culture of cells with NB suspension was labeled
as the NB group, while the culture with nHA suspension was
labeled as the nHA group. "The NB suspension and nHA
suspension underwent energy-dispersive X-ray spectroscopy
(EDX) analysis using an EDX analyzer with a working
voltage of 200 kV.

Analysis of inhibitory cell activity: The activity inhibition
levels of NB and nHA on C2BBel cells were assessed using
the CCK-8 method. C2BBel cells were cultured until the
logarithmic growth phase, and the cell density was set to 1 x
10*/ml. A 100-pl cell suspension was seeded in a 96-well plate
and incubated overnight for 24 h. NB and nHA suspensions
were separately added for cultivation, and CCK-8 reagent was
added on days 1, 2, and 3. After a 6-h incubation, the optical
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density at 450 nm was measured using an enzyme-linked
immunosorbent assay reader.

Impacts on CRPs BMP-2 and OPN: C2BBel cells were
adjusted to 2 x 10*/ml, and a 100-pl cell suspension was
seeded in a 96-well plate for overnight incubation. After
24 h, the cells were divided into three groups: the control
group (no additional treatment), the NB group, and the nHA
group. Respective suspensions were then added to the NB
and nHA groups. Following an additional 72 h of cultiva-
tion, cells were harvested for total protein extraction using
RIPA. The concentration of extracted protein was determined
using the BCA. Ten percent SDS-PAGE was used to sepa-
rate total proteins. Coomassie brilliant blue was used for
staining. After transfer, membrane blocking was performed
with 5% BSA for 1 h, followed by staining with Ponceau S.
After deionized water destaining, membrane incubation was
performed overnight at 4 °C with diluted primary antibodies,
including BMP-2 rabbit antihuman polyclonal antibody and
OPN rabbit antihuman monoclonal antibody (dilution ratio
1:1,000). Following membrane washing with TBST, alkaline
phosphatase—conjugated secondary antibodies (dilution ratio
1:5,000) were introduced, and 1-h membrane incubation was
followed on a shaker. Following TBST membrane washing,
chemiluminescence detection was performed according to the
instructions of the ECL chemiluminescence assay kit. A gel
imaging system was used for protein band visualization, with
B-actin as an internal reference. ImageJ (National Institutes
of Health, Bethesda, MD) was used for statistical analysis of
the relative grayscale values of protein bands.

Impacts on Bcl-2 and Bax: C2BBel cells were adjusted 2
% 10*/ml and seeded in a 96-well plate with 100 pl of cell
suspension for overnight incubation. After 24 h, the cells
were divided into three groups: the control group (no
additional treatment), the NB group, and the nHA group.
Respective suspensions were then added to the NB and nHA
groups. Following an additional 72 h of cultivation, cells were
harvested for extracting total protein using RIPA. After that,
protein concentration was determined using the BCA assay
kit. Ten percent SDS-PAGE was employed to separate total
proteins and stained with Coomassie brilliant blue. After
the transfer step, the membrane underwent blocking with
5% BSA for 1 h and subsequent staining with Ponceau S.
Following deionized water destaining, the membrane was
subjected to an overnight incubation at 4 °C with diluted
primary antibodies, which included Bcl-2 rabbit antihuman
monoclonal antibody and Bax rabbit antihuman monoclonal
antibody (dilution ratio 1:1,000). The washed membrane was
then exposed to TBST, and alkaline phosphatase—conjugated
secondary antibodies (dilution ratio 1:5,000) were applied,
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followed by a 1-h incubation at room temperature on a shaker.
Chemiluminescence detection was performed according
to the ECL chemiluminescence assay kit instructions, and
protein bands were visualized using a gel imaging system,
with B-actin serving as an internal reference. Ultimately,
ImagelJ was used for statistical analysis of the relative gray-
scale values of protein bands.

Research design: This study employed a prospective cohort
design. Initial in vitro experiments were conducted to inves-
tigate the biological characteristics of NB and their mecha-
nisms in inducing calcification and apoptosis (Experimental
instruments and materials and Mechanism by which NB
leads to cell calcification sections). Subsequently, in a cohort
of patients with high myopia and cataract undergoing phaco-
emulsification, aqueous humor samples were prospectively
collected for NB culture. The association between NB posi-
tivity rates, along with other clinical factors, and postopera-
tive visual outcomes was analyzed.

Analysis of related factors of NB for postoperative efficacy:

Research objects and their grouping—Fifty highly
myopic patients with cataracts who underwent phacoemul-
sification surgery at The First People’s Hospital of Ziyang
from December 2022 to June 2023 were enrolled. Before
the surgery, 0.5 ml of aqueous humor was extracted from
each patient for NB cultivation and identification. Based on
the best-corrected VA in the third month after the surgery,
patients were categorized into a normal vision (NV) group
(best-corrected VA >0.3) and an abnormal vision (AV)
group (best-corrected VA <0.3). The 3-month postop-
erative time point was selected as the primary interval for
grouping because it represents the conventional period by
which refractive status and VA typically stabilize following
uncomplicated phacoemulsification surgery. By this time,
most postoperative inflammation and corneal edema have
generally resolved. This allows for a more reliable assess-
ment of the surgical outcomes themselves, minimizing the
interference from transient postoperative issues. This study
has received approval from the medical ethics committee of
The First People’s Hospital of Ziyang.

Patients enrolled had to satisfy the following conditions:
(1) patients diagnosed as highly myopic with cataracts and
treated with phacoemulsification surgery, (2) those with
complete medical records, and (3) those with informed
consent forms signed by themselves and their family
members.

Patients with any of the following conditions had to
be excluded: (1) patients with abnormal liver or kidney
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function and (2) patients with diseases such as immune
system abnormalities.

Observation parameters—(1) The best-corrected
VA was measured for patients at 1, 3, and 6 months
postoperatively.

(2) Analysis of factors influencing postoperative patient
outcomes: in the third month postoperatively, statistical
analysis was conducted on gender (male/female), age (=60
years), duration of illness, AXL, corneal refractive power,
corneal astigmatism, and the NB-positive rate in the aqueous
humor culture for all patients.

(3) Key surgical parameters, such as phaco time and
cumulative dissipated energy, were recorded and compared
between the NV and AV groups to exclude significant
confounding effects of the surgical procedure itself on the
outcomes.

(4) Maculopathy refers to various macular diseases
confirmed by preoperative optical coherence tomography,
primarily including myopic macular schisis, macular
atrophy, choroidal neovascularization, and macular retinal
detachment/schisis. A technique roadmap of this research is
illustrated in Figure 1.

Statistical analysis: Data processing was conducted using
SPSS 26.0 (SPSS, Inc., Chicago, IL). Continuous variables
were presented as mean + standard deviation, and intergroup
comparisons were performed with the # test. Categorical data
were expressed as frequencies or percentages, and intergroup
comparisons were performed using the y* test. To analyze the
impact of various factors on postoperative visual prognosis,
univariate logistic regression was first performed for all
potential influencing factors (including sex, age, duration of
high myopia, AXL, corneal astigmatism, maculopathy, and
aqueous humor NB positivity rate). Variables demonstrating
statistical significance (p < 0.05) in the univariate analysis
were incorporated into a multivariate logistic regression
(MLR) model to identify independent factors affecting post-
operative visual prognosis. p < 0.05 was considered statisti-
cally significant.

RESULTS
Identification of NB and the mechanism of calcification:

Morphological identification of NB—Typical white
precipitate was observed in 21 cases (42%) of all cultured
aqueous humor samples. The negative control group (culture
medium only) remained clear and transparent throughout
the entire incubation period, with no precipitate forma-
tion observed. The white precipitate from positive cultures
was collected for electron microscopy examination. The
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morphological identification of the aqueous humor samples
is displayed in Figure 2. Under TEM, nanometer particles
appeared elliptical, forming NB with a size range of approxi-
mately 90 to 340 nm, exhibiting uneven density, as depicted
in Figure 2A. Under SEM, spherical nanometer particles
were observed, some with spike-like structures, representing
noncellular structures consistent with the characteristics
of NB reported in the literature. Thus, the aqueous humor
culture was confirmed to be NB [15].

NB and nHA spectral analysis—Spectral analysis was
conducted on NB and nHA, and the results are illustrated in
Figure 3. NB was found to contain elements such as copper,
magnesium, aluminum, phosphorus, calcium, chromium,
manganese, and iron. Remarkable differences were visual-
ized in the elemental composition between nHA and NB (p
> (.05), as depicted in Figure 3C. This indicates that NB and
nHA were similar in their basic elemental composition.

Analysis of NB and nHA inhibitory cell activity: The inhibi-
tory effects of NB and nHA on C2BBel cell activity are
illustrated in Figure 4. Both NB and nHA demonstrated
inhibitory effects on C2BBel cell activity, and these effects
increased with prolonged exposure. After 1 day of cultivation,
the activity in the NB group became lower in contrast to that
in the nHA group, but no visible difference was observed (p
> 0.05). However, after 2 days of cultivation, the activity in
the NB group was sharply lower in comparison to that in the
nHA group (p < 0.05). This work demonstrated that NB not
only reduces cell activity through the generation of nHA but
also has an inherent ability to decrease cell activity. Previous
research has suggested a correlation between the pathogenic
components of NB and NB self-replication [16].

Impacts of NB and nHA on BMP-2 and OPN: Figure 5 shows
the protein band diagram. The impact of 72-h cultivation of
C2BBel cells with NB and nHA on CRPs BMP-2 and OPN
is presented in Figure 6. In Figure 6, compared to the control
group, the expression levels of BMP-2 and OPN proteins
were significantly elevated in the nHA group (p < 0.05). In
contrast, the expression levels of BMP-2 and OPN in the NB
group were not only significantly higher than those in the
nHA group (p <0.05) but also markedly greater than those in
the control group (p < 0.01). These results indicate that nHA
can induce cellular calcification, while NB triggers a more
severe calcification response. BMP-2 and OPN in the NB
group exhibited much higher expression than those in the nHA
group (p < 0.05). The findings signified that NB can induce
more severe calcification than nHA. BMP-2 is a protein with
osteogenic properties, and its upregulated expression may be
associated with more pronounced calcification [17]. NB might
activate the BMP-2 signaling pathway, prompting cells to



Molecular Vision 2026; 32:84-100 <http:/www.molvis.org/molvis/v32/84>

develop toward bone formation, accelerating the occurrence
of calcification. OPN is a protein involved in cell bone matrix
formation, and the increased expression level may be related
to more evident calcification [18,19]. NB could potentially
modulate the intracellular expression of OPN, influencing
the deposition of cell bone matrix, thereby exacerbating the
calcification process. The synergistic effect of BMP-2 and
OPN in the cell bone formation process, enhanced by NB,

© 2026 Molecular Vision

triggers a more robust cellular response, leading to a more
significant calcification phenomenon [20,21].

Impacts of NB and nHA on Bcl-2 and Bax: Figure 7 shows
the protein band diagram. The impact of 72-h cultivation of
C2BBel cells with NB and nHA on ARPs, namely, Bcl-2 and
Bax, is depicted in Figure 8. Compared to the control group,
both the nHA and NB groups exhibited an increase in the
expression level of the proapoptotic protein Bax (p < 0.05)

Analysis of relevant factors for the efficacy of phacoemulsification in highly myopic
patients with cataract based on detection of nanobacteria in aqueous humor

The effect of nanobacteria on patients with
high myopia and cataract

Research on
Calcification Mechanism

Analysis of
postoperative efficacy
impact

Research subjects: 50
highly myopic patients
with cataract who
underwent
phacoemulsification
surgery were included in
the study

Research

contents

Energy spectrum
analysis

Analysis of CCK-8
Inhibition Cell Activity

Analyze the expression
levels of BMP-2, OPN,
Bcl-2, and Bax proteins

NG: Best corrected
visual acuity 2 0.3
AG: Best corrected
visual acuity <0.3

Statistical analysis of
various indicators in the
first, third, and sixth
months after surgery

Analyze data and write a paper

Figure 1. Flowchart of the study design.
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and a decrease in the expression level of the antiapoptotic
protein Bcl-2. Notably, the NB group demonstrated the most
pronounced regulatory effect on the expression of these two
proteins: its Bax expression was significantly higher than that
in both the nHA and control groups (p < 0.05), while its Bcl-2
expression was significantly lower than that in both the nHA
and control groups (p < 0.05). These results indicate that NB,
compared to nHA, more effectively upregulates the proapop-
totic protein Bax and downregulates the antiapoptotic protein
Bcl-2, thereby more strongly activating the mitochondrial
apoptosis pathway. Bax in the NB group was more strongly
expressed than that in the nHA group (p < 0.05), while Bcl-2
demonstrated lower expression in the NB group (p < 0.05).
This indicates that NB can regulate Bcl-2 and Bax, thereby
modulating the mitochondrial pathway leading to cell apop-
tosis, resulting in changes in CRPs, ultimately causing cell
calcification and apoptosis. Bax and Bcl-2 are key proteins
in regulating the mitochondrial pathway. Upregulation of
Bax and downregulation of Bcl-2 may lead to changes in
mitochondrial membrane permeability, releasing apoptotic
signaling molecules from the mitochondria, thereby inducing
cell apoptosis [22-24]. This mechanism may be one of the
reasons for the more severe calcification induced by NB.
Studies have suggested that nHA, in addition to causing
calcification, can induce tumor cell apoptosis when the
concentration exceeds 30 pg/ml [25,26]. The higher level of
calcification induced by NB may be related to its impact on
cell survival status and gene expression, inducing cells to
develop in a more ossified direction and increasing calcium
deposition [27].

Analysis of factors related to the efficacy of NB in patients
undergoing phacoemulsification surgery:

The best-corrected VA of patients—The statistical
analysis of best-corrected VA for 50 patients at postoperative
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months 1, 3, and 6 is presented in Figure 9. As time progresses,
the number of patients with best-corrected VA >0.3 gradually
increases, reaching 82% at the sixth postoperative month. It
is possible that the best-corrected VA in the first month may
not have reached its optimal level, but with the passage of
time, the VA of patients gradually improves. By the sixth
month, 82% of patients have normal VA, indicating that
the surgical outcomes stabilize over time and tend toward
optimal conditions.

Patient baseline characteristics—The comparison of
baseline characteristics between the two groups in this study
is presented in Table 1. The results indicated that patients in
the AV group were characterized by older age, longer dura-
tion of high myopia, longer AXL, higher myopic diopters, and
greater corneal astigmatism. Furthermore, both the incidence
of maculopathy (63.6% versus 23.1%) and the aqueous humor
NB positivity rate (81.8% versus 30.8%) were significantly
higher in the AV group compared to the NV group (all p <
0.05). No significant difference was found in gender distri-
bution between the two groups. These findings suggest that
patients with poor postoperative VA had preexisting more
unfavorable ocular conditions.

Analysis of influencing factors of postoperative curative
effect: Based on the best-corrected VA of patients at the
third postoperative month, the patients were assigned to
the NV group (39 individuals) and the AV group (11 indi-
viduals). The univariate logistic regression analysis results
for factors influencing patient outcomes are presented in
Figure 10. Remarkable differences were observed in terms
of age, duration of high myopia, AXL, corneal astigmatism,
incidence of macular disease, and NB-positive rate (p < 0.05).
Younger patients may possess better physiologic recovery
capacity, contributing to a faster postoperative VA recovery.
Conversely, older patients may experience slower postopera-
tive VA recovery due to factors such as physiologic aging.

Figure 2. Morphological identification of nanobacteria under TEM and SEM.
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The duration of high myopia and the resulting elongation
of the eyeball significantly impact ocular structure and VA
correction, thus influencing postoperative outcomes. Surgery
can affect corneal shape, and greater corneal astigmatism
may lead to instability in postoperative VA quality. The
presence of macular disease can directly affect the macular
region, influencing vision and color recognition. The exis-
tence of macular disease may increase the risk of abnormal

© 2026 Molecular Vision

VA after surgery, affecting the best-corrected VA of patients.
The NB-positive rate in the AV group was sharply higher, in
contrast to that in the NV group, indicating that NB infection
can extremely impact postoperative VA recovery in patients.

Key surgical parameters were compared between the two
patient groups to exclude the potential influence of proce-
dural complexity on outcome differences. The results (Table
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Figure 3. Energy-dispersive X-ray spectroscopy (EDX) analysis of nanobacteria and nanohydroxyapatite.
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TABLE 1. COMPARISON OF BASELINE CHARACTERISTICS BETWEEN THE NV AND AV GROUPS.

Characteristics Total (n=50) NV group (n=39) AV group (n=11) P
Age (years) 65.2+8.5 63.1+£7.9 72.4+6.8 0.001
Sex, Male (%) 24 (48.0) 20 (51.3) 4 (36.4) 0.376
Duration of high myopia (years) 15.6+£6.2 14.245.5 21.3+5.1 0.001
Axial length (mm) 28.4+1.8 27.9+1.5 30.6+1.2 0.001
Spherical equivalent (D) —12.6£3.2 -11.8£2.9 —14.9+3.5 0.003
Corneal astigmatism (D) 1.5+0.6 1.3£0.5 2.1+£0.7 0.001
o Concomitant maculopathy, n 16 (32.0) 9231 7(63.6) 0.012
()
NB positivity rate, n (%) 21 (42.0) 12 (30.8) 9 (81.8) 0.002

Note: NV, normal vision; AV, abnormal vision; D, diopter. Bold p values indicated statistical significance (p<0.05).

2) showed no statistically significant differences between the
NV and AV groups in cumulative dissipated energy (12.5%
+ 3.2% versus 13.8% + 4.1%, p = 0.268) or ultrasound time
(45.6 = 10.8 s versus 49.3 + 12.4 s, p = 0.333). These find-
ings indicate comparable surgical difficulty and ultrasonic
energy load between the groups, suggesting that the surgical
procedure itself was not the primary factor contributing to
the observed differences in postoperative visual outcomes.

The factors influencing the outcomes of phacoemulsifi-
cation surgery in highly myopic patients with cataracts were
subjected to a multivariate logistic analysis, as presented in
Table 3. AXL and NB-positive rate emerged as independent
factors significantly affecting the efficacy of surgery (p <
0.05). This indicates that AXL and NB-positive rate have
more independent and pronounced effects on the surgical
outcomes.

DISCUSSION

This work delved into the identification of NB in the aqueous
humor of the eye and explored its relationship with the
calcification mechanism. Simultaneously, it investigated the
impact of NB on the efficacy of phacoemulsification surgery
in patients. The main findings encompassed the morpho-
logical characteristics of NB, results from spectral analysis,
the influence on cell activity, and a comparison between
NB and nHA. Additionally, through statistical analysis and
examination of related factors affecting the best-corrected
VA postsurgery, this work revealed the pivotal role of NB in
surgical outcomes.

This work confirmed the morphological characteristics
of NB in the aqueous humor of the eye, consistent with
existing literature [28,29]. Furthermore, this work revealed
the mechanism by which NB triggers more severe calci-
fication by activating the BMP-2 signaling pathway and
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regulating OPN expression, addressing the existing gap in
the literature regarding NB calcification mechanisms. Calci-
fication is a key factor in the progression of ocular diseases
and is tightly linked to the occurrence and development of
ophthalmic conditions, such as retinal diseases and cataracts
[30]. Abnormal calcification induced by NB could be a major
contributing factor to functional impairments in the eye and
reduced surgical efficacy. BMP-2 is a protein that promotes
bone formation, and its pathway is crucial in skeletal devel-
opment and maintenance. This work revealed that NB can
activate the BMP-2 pathway, prompting cells to develop in the
direction of bone formation and accelerating the occurrence
of calcification. NB induces cells to release BMP-2, which
may be triggered by interaction with the cell membrane or
through intracellular signaling pathways. Released BMP-2
binds to receptors, forming BMP-2/receptor complexes. This
activates pathways on the receptors, initiating downstream
cellular responses. The BMP-2 pathway activation ultimately
results in cells developing in the direction of bone forma-
tion, increasing the tendency for calcification [31]. This is a
crucial step in NB-induced more severe calcification. OPN
is a protein involved in cell bone matrix formation, and its
expression is closely related to the calcification process. In
addition, this work signified that NB, by regulating OPN
expression, influences the deposition of cell bone matrix,
thereby exacerbating the calcification process. NB-induced
signal transduction may enhance the transcription and trans-
lation processes of the OPN gene. This results in the synthesis
and release of more OPN protein into the extracellular space.
The increase in OPN leads to more calcium ions binding to
the cell matrix, forming more stable calcification structures
[32]. This exacerbates the calcification phenomenon induced
by NB.

The finding that NB induces significant calcification
and apoptosis at the cellular level raises the question of how
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this process specifically affects postoperative VA in patients.
One potential mechanism is that NB-induced calcification
may lead to a higher incidence or earlier onset of posterior
capsular opacification (PCO), a common complication after
cataract surgery that can cause blurred vision. The deposition
of calcium phosphate complexes on the posterior capsule may
serve as foci for lens epithelial cell proliferation and migra-
tion, thereby accelerating PCO formation and resulting in

© 2026 Molecular Vision

slower visual recovery or the need for additional interventions
[33]. Beyond the lens, the presence of NB and the associ-
ated calcific microenvironment in the aqueous humor may
adversely affect other delicate ocular structures. Calcifica-
tion could impair trabecular meshwork function, potentially
influencing intraocular pressure, or contribute to macular
dysfunction by promoting local inflammation or disrupting
the retinal pigment epithelium—photoreceptor complex [34].
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Figure 10. Univariate logistic regression analysis of factors influencing postoperative visual acuity.
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TABLE 2. COMPARISON OF SURGICAL PARAMETERS BETWEEN NV GROUP AND AV GROUP PATIENTS.

Group Case number CDE (%) Ultrasound time (s)
NV group 39 12.543.2 45.6+10.8
AV group 11 13.8+4.1 49.3+12.4

t -1.12 -0.98

P 0.268 0.335

Although this study did not directly measure PCO incidence
or macular pathology using methods such as optical coherence
tomography (OCT), the significant association between NB
positivity and poorer short-term visual outcomes is consistent
with the hypothesis that NB-induced pathological calcifica-
tion impedes optimal visual rehabilitation by affecting both
anterior and posterior segment structures.

The observed upregulation of BMP-2 and OPN induced
by NB, along with the shift in the Bax/Bcl-2 ratio toward
a proapoptotic state, necessitates an exploration of their
specific roles in ocular pathophysiology. In the eye, BMP-2
signaling is not only critical for bone formation but also
implicated in the pathological calcification of intraocular
tissues, such as potentially exacerbating calcification of
the lens capsule or retinal pigment epithelium, which could
worsen posterior capsular opacification or disrupt the outer
blood—retinal barrier [35,36]. Similarly, OPN, a key regulator
of biomineralization, is upregulated in various calcification-
associated ocular conditions, including band keratopathy
and drusen formation in age-related macular degeneration.
Its overexpression likely promotes the nucleation and growth
of hydroxyapatite crystals in the unique microenvironment
of the aqueous or vitreous humor [37,38]. Dysregulation
of the mitochondrial apoptotic pathway, evidenced by an
increased Bax/Bcl-2 ratio, is a well-established mechanism
in lens epithelial cell apoptosis during cataractogenesis [39].
In the retina, an imbalance toward proapoptotic signaling
can trigger the death of photoreceptors and ganglion cells,
a common terminal pathway in many retinal degenerative
diseases [40]. Therefore, the ability of NB to concurrently
drive calcification-associated protein expression and promote
a proapoptotic cellular state provides a plausible dual patho-
genic mechanism for its impairment of postoperative visual

recovery: potentially affecting both the clarity of the optical
pathway and the health of the neurosensory retina.

An interesting finding in the longitudinal follow-up of
this study was that the proportion of patients with a best-
corrected VA >0.3 increased from 68% at 1 month to 86% at
6 months. This trend suggests that a subset of patients experi-
enced delayed visual recovery. At the 3-month time point, the
NB positivity rate was significantly higher in the AV group. It
is hypothesized that NB-driven pathological processes, such
as chronic low-grade intraocular inflammation, persistent
calcification, or delayed apoptosis, may impede the pace of
postoperative visual rehabilitation. Therefore, the 3-month
postoperative time point, while reflecting stable outcomes
in most patients, effectively captures this delay in visual
recovery associated with the presence of NB. The subsequent
improvement observed at 6 months may be attributed to the
gradual resolution of these NB-related effects, neuroadaptive
changes, or the slower remodeling of damaged ocular tissues.
Thus, using 3-month postoperative VA for grouping not only
aligns with routine clinical practice but also serves as a sensi-
tive indicator for identifying patients at risk of slow recovery,
in which NB may play an adverse role.

MLR analysis revealed that longer AXL and aqueous
humor NB positivity were independent risk factors for poor
postoperative visual prognosis after adjusting for other
confounding factors. This indicates that although univariate
analysis showed associations between various factors (e.g.,
age, disease duration, corneal astigmatism, and maculopathy)
and visual prognosis, the effects of some factors may overlap
or interact with other variables. For example, the occur-
rence of maculopathy is closely related to axial elongation,
and its impact may be represented or partially explained by
AXL, a more fundamental anatomic indicator. Similarly,
age and disease duration may also be intrinsically linked to

TABLE 3. LOGISTIC ANALYSIS OF MULTIPLE FACTOR

S AFFECTING POSTOPERATIVE VA PROGNOSIS.

Variable B SEM Wald »* P OR
AXL 0.784 0.453 5.395 0.547 2.165 (1.352 ~1.442)
i?e'posmve 1.532 0.638 2.331 0.351 5.362(1.247 ~14.295)
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AXL growth. Consequently, the significance of AXL and
NB remained in the multivariate model, highlighting their
core independent roles in influencing postoperative visual
recovery in highly myopic patients with cataracts. This
finding, for the first time, validates their independent effects
on surgical outcomes within a multivariate model, over-
coming limitations inherent in univariate analyses. Naturally,
the success of phacoemulsification surgery is influenced by
multiple factors. Beyond the patient-specific anatomic factors
(AXL) and biomicroenvironmental factors (NB) examined
in this study, surgical parameters (e.g., ultrasonic energy and
operation time), surgeon experience, postoperative inflam-
matory responses, and undetected macular pathologies (e.g.,
occult macular schisis) may also significantly impact final
visual outcomes. While this study mitigated confounding
effects from basic factors like age and disease duration
through multivariate analysis, it did not comprehensively
record or analyze all surgical parameters, representing a
limitation. Therefore, our conclusions should be interpreted
as follows: after adjusting for known confounding factors,
AXL and NB are significant predictors, but they are not the
sole determinants of visual outcomes.

The limitations of the study primarily lie in the relatively
small sample size, requiring larger-scale clinical studies to
validate the universality of the conclusions. Future research
could expand the sample size to further confirm the role of
NB in ocular diseases. Considering the significant impact
of NB on the efficacy of phacoemulsification surgery in
patients, further exploration of the source and dissemination
pathways of NB could lead to more effective prevention and
treatment strategies. Moreover, investigating the relationship
between NB and other ocular diseases could provide addi-
tional insights for comprehensive treatment approaches in
ophthalmology. This could contribute to improving surgical
efficacy, reducing postoperative complications, and ulti-
mately enhancing the quality of life for patients.

CONCLUSION: In summary, this study suggests that NB
cultured from aqueous humor exhibits considerable inhibi-
tory effects on cells and influences the recovery of postopera-
tive VA by modulating the expression of CRPs and ARPs.
MLR analysis further indicated that longer AXL and aqueous
humor NB positivity were significantly associated with
poorer postoperative visual outcomes. However, this study
has several limitations, including a limited sample size and
incomplete assessment of potential confounding factors such
as surgical parameters. Future studies with larger sample
sizes, prospective designs, and more comprehensive periop-
erative indicators are needed to validate these findings and
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further elucidate the specific mechanisms of NB in ocular
diseases.
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