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Abstract
Purpose To investigate the alterations of trace elements levels in aqueous humor of patients with cytomegalovirus retinitis
(CMVR).
Methods A total of 15 eyes of 11 patients with CMVR and 24 eyes of 24 patients with senile cataract as control group were
enrolled. Aqueous humor samples were assessed for calcium (Ca), potassium (K), magnesium (Mg), sodium (Na), phos-
phorus (P), titanium (Ti), vanadium (V), chromium (Cr), manganese (Mn), iron (Fe), nickel (Ni), copper (Cu), zinc (Zn),
selenium (Se), strontium (Sr), and lead (Pb) by using inductively coupled-plasma-mass-spectrometry. Meanwhile, we
examined the concentration of the CMV DNA load by using PCR and the concentration of interleukin (IL)-8 by using a
cytometric bead array.
Results In patients with CMVR, the aqueous humor levels of P and Cu were significantly higher than those of controls
(p < 0.001, p < 0.001, respectively). However, levels of K and Mg were significantly lower in patients with CMVR
(p < 0.001, p < 0.001, respectively). The Spearman correlation test showed that the concentration of IL-8 in the aqueous
humor was significantly associated with the aqueous level of Cu (p= 0.009, r= 0.646) and Se (p= 0.031, r= 0.558). In
addition, the concentration of CMV DNA load in the aqueous humor was significantly associated with the aqueous level
of Ca (p= 0.027, r=−0.568), Mn (p= 0.020, r= 0.593), and Cu (p= 0.043, r= 0.527).
Conclusions Our preliminary results demonstrated that the abnormal aqueous levels of trace elements (P and Cu) in CMVR
patients. Thus, the roles of trace element changes in the development of CMVR and the influence of intraocular trace
element for the prognosis of CMVR warrant further investigations.

Introduction

Cytomegalovirus retinitis (CMVR) is a common opportu-
nistic infection that afflicts immunocompromised patients,
whose previously effective CMV-specific T-cell response
has decreased owing to disease (AIDS) or immuno-
suppressive treatment (including chemotherapy for malig-
nant disease) [1, 2]. Immune recovery has resulted in an
approximate 80% reduction in the incidence of CMVR, and
patients with CMVR who have immune recovery are less
likely to have progression of retinitis [3–5].

Trace elements are chemical elements needed in minute
amounts for micronutrient homeostasis, which plays a
major role in maintaining a healthy immune system [6].
Both a deficiency and an excess of trace elements can
cause harm, so the homeostasis of the elements is strictly
regulated [7]. There is some evidence that copper and zinc
play a key factor in retinal function and are essential for
antioxidant defense mechanisms, which are important for

These authors contributed equally: Y. Zhou, F. Hong, X. Wang,
J. Feng

* Yajun Xu
xuyajun@bjmu.edu.cn

* Yong Tao
taoyong@bjcyh.com

1 Department of Nutrition and Food Hygiene, School of Public
Health, Peking University, Beijing, China

2 Department of Ophthalmology, Affiliated Hospital of Inner
Mongolia Medical University, Hohhot, Inner Mongolia, China

3 Department of Ophthalmology, Beijing Chaoyang Hospital,
Capital Medical University, Beijing, China

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-019-0457-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-019-0457-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-019-0457-4&domain=pdf
mailto:xuyajun@bjmu.edu.cn
mailto:taoyong@bjcyh.com


the survival of the retina, which is routinely exposed to
high levels of oxidative stress from light and metabolic
processes [8]. Therefore, a few studies focus on the role of
trace elements in age-related macular degeneration (AMD)
and retinitis pigmentosa [9, 10]. In addition to increased
oxidative damage in the presence of iron and copper,
alterations in the functions of some enzymes involved in
oxidative stress and in metabolisms of some elements
present in the structure of these enzymes have been
reported in Behcet’s disease [11]. That is to say, trace
element homeostasis may also be disturbed by the
inflammation and infection [12]. However, there is a lack
of information about possible influence of trace element
homeostasis in CMVR. We try to figure out the changes in
the aqueous level of trace elements in patients with
CMVR.

Materials and methods

Patients

Fifteen eyes of 11 patients with CMVR who underwent
multiple intravitreal injections of ganciclovir and 24 eyes
of 24 patients with senile cataract who underwent cataract
removal and implant of intraocular lens in our department
were enrolled in this study. The diagnosis of active CMR
was confirmed by immunosuppression history, typical
ocular changes and positive CMV DNA in the aqueous
humor by polymerase chain reaction (PCR).

Treatment of cytomegalovirus retinitis

All of the patients received intravitreal injection of ganci-
clovir (IVG), which was started immediately when they
were diagnosed as CMVR. The injection method was
briefly described in detail as previous reports [13, 14].
Totally, 3.0 mg ganciclovir was injected with a 27-gauge
needle transconjunctivally at 3–3.5 mm from the limbus.
Then, an antibiotic ointment (polymyxin and neomycine)
was applied.

Collection of aqueous humor

Before the first dose of IVG and 1 week after IVG (before
the second dose), 100–150 µl of anterior aqueous humor
was obtained through paracentesis at 9 o’clock by using a
sharp 27-gauge needle. Undiluted aqueous samples of
0.05 ml from each eye were collected in a sterilized
plastic corning (2 mL; Corning Inc., Troy, MI, USA),
placed immediately on ice, and stored at −80 °C until
use. The samples were assayed within 6 months of
collection.

Measurement of CMV DNA

A real-time PCR was applied immediately to detect the
amount of CMV DNA load in the samples. Liferiver CMV
Real-Time PCR Kit Mix contains reagents and enzymes for
the specific amplification of immediate early gene region of
the HCMV-DNA. A standard curve was obtained from the
quantitation standard CMV DNA-positive controls provided
by the manufacturer. For the PCR amplification, 4 ml of the
DNA sample was added to 36 ml of the working master
mix. The amplicons were then detected by measuring
fluorescence, using the Roche LightCycle 480 real-time
PCR system with the following amplification conditions:
37 °C for 2 min, 94 °C for 2 min, followed by 40 cycles of
93 °C for 15 s and 60 °C for 1 min.

Measurement of interleukin-8

The concentrations of IL-8 in the aqueous humor from
cytomegalovirus patients were measured by applying a
cytometric bead array (BD Bioscience, San Jose, CA) with
flow cytometry (BD FACSCalibur, BD Bioscience, San
Jose, CA) [15]. The minor level of detection for IL-8 was
10 pg/ml.

Measurement of trace elements

Totally, 50 µl of aqueous humor was used for elements
analysis. 0.075 ml 20 ng/ml RE solution (obtained from
National Center of Analysis and Testing for Nonferrous
Metals and Electronic Materials) was added, and aqueous
humor samples were diluted with a solution of 1% HNO3
(UP level, Suzhou pinrui Chemical Co., Ltd.) to 1.5 ml. For
all analytical procedures, de-ionized glass wares and ultra-
pure water (electrical resistivity > 18.2 MΩ) were used.
Levels of calcium (Ca), potassium (K), magnesium (Mg),
sodium (Na), phosphorus (P), titanium (Ti), vanadium (V),
chromium (Cr), manganese (Mn), iron (Fe), nickel (Ni),
copper (Cu), zinc (Zn), selenium (Se), strontium (Sr), lead
(Pb) were estimated by inductively coupled-plasma-mass-
spectrometry (ICP-MS) [9]. Quality was controlled with
certified standards. The ICP-MS had radio frequency power
of 1550W, a plasma gas flow of 15 L/min, auxiliary gas
flow of 0.8 L/min and a nebulizer gas flow of 1.0 L/min.
The mass spectrometer settings were a dwell time of 50 ms,
single-point peak hopping for scanning model. The minor
level of detection for each element listed in Table 1.

Statistical analysis

Statistical analysis of the data was performed using a
commercially available statistical software package (SPSS
for Mac, version 20.0: IBM Corp., NY, USA). Data are

Abnormal levels of aqueous humor trace elements in patients with cytomegalovirus retinitis 1607



presented as the mean ± standard deviation (SD). A
Shapiro-Wilk test was performed to examine whether the
samples were distributed normally. The distribution of trace
elements and CMV DNA in aqueous humor was considered
skewed. The Mann–Whitney U test was used to compare
levels of trace elements and amount of CMV particles in
aqueous humor of patients with and without CMVR, which
including Bonferroni correction ɑ= 0.05/16= 0.003. Dif-
ferences of age between the study group and the control
group were estimated with t test. Fisher’s exact test was
used to compare non-continuous variables. A Wilcoxon
signed rank test was used for pre- and post-injection data.
The Pearson correlation test was then used to explore the
relationship between the aqueous level of each element and
the amount of CMV DNA load. Two tailed probabilities of
less than 0.05 in Kruskal–Wallis H test and less than 0.003
in Mann–Whitney rank-sum test were considered to indicate
statistical significance.

Results

The study included 15 eyes of 11 patients with CMVR and
24 eyes of 24 patients with senile cataract as control group.
Gender was not significantly different between the groups
(p= 0.478, Table 2). Spearman’s correlation tests between
age and concentrations of Ca, K, Mg, Na, P, Ti, V, Cr, Mn,
Fe, Ni, Cu, Zn, Se, Sr, and Pb in the control group were
performed to exclude age as a confounding factor. Most of
correlation tests showed that age was not significantly
associated with the element levels in control group (p=
0.491, 0.894, 0.263, 0.010, 0.02, 0.432, 0.140, 0.544,
0.482, 0.293, 0.990, 0.304, 0.052,0,657, 0.021 and 0.102,
respectively).

Patients with CMVR had significantly higher levels of P
(29.92 ± 10.66 μg/mL vs. 16.69 ± 3.99 μg/mL; p < 0.001),
and Cu (39.79 ± 33.73 ng/mL vs. 9.81 ± 14.88 ng/mL;
p < 0.001) when compared with patients without CMVR.
Levels of K (109.63 ± 12.30 μg/mL vs. 127.77 ± 8.76;
p < 0.001) and Mg (12.57 ± 2.98 μg/mL vs. 15.98 ± 1.87;
p < 0.001) were significantly reduced in patients with
CMVR when compared to those without. No significant
differences in the aqueous humor levels of other trace ele-
ments were observed between patients with or without
CMVR (Table 3, Fig. 1).

The concentration of the aqueous IL-8 and CMV DNA
load declined after intravitreal injections of ganciclovir

(p= 0.001, p= 0.011, respectively). However, there is no
significant change of trace element levels after the treatment
(all p > 0.05) (Table 4).

We performed pearson correlation test on the trans-
formed data of a decadic logarithm scale. The concentration
of IL-8 in the aqueous humor was significantly associated
with the aqueous level of Cu (p= 0.009, r= 0.646) and Se
(p= 0.031, r= 0.558), but not significantly associated with
Ca (p= 0.536, r=−0.173), K (p= 0.520, r=−0.180),
Mg (p= 0.189, r= 0.359), Na (p= 0.716, r= 0.103),
P (p= 0.581, r= 0.155), Ti (p= 0.795, r= 0.073),
V (p= 0.687, r= 0.114), Cr (p= 0.685, r= 0.114), Mn
(p= 0.852, r=−0.053), Fe (p= 0.052, r=−0.511),
Ni (p= 0.758, r= 0.087), Zn (p= 0.924, r=−0.027), Sr
(p= 0.142, r=−0.398), and Pb (p= 0.795, r=−0.073).
Meanwhile, the concentration of CMV DNA load in
the aqueous humor was significantly associated with the
aqueous level of Ca (p= 0.027, r=−0.568), Mn (p=
0.020, r= 0.593), and Cu (p= 0.043, r= 0.527), but
not significantly associated with K (p= 0.877, r=−0.044),
Mg (p= 0.837, r=−0.058), Na (p= 0.356, r=−0.251),
P (p= 0.058, r= 0.499), Ti (p= 0.480, r= 0.198),
V (p= 0.449, r= 0.212), Cr (p= 0.364, r= 0.253), Mn
(p= 0.020, r=−0.593), Fe (p= 0.193, r=−0.356),
Ni (p= 0.210, r= 0.344), Cu (p= 0.043, r= 0.527), Zn
(p= 0.371, r=−0.249), Se (p= 0.351, r= 0.259), Sr (p=
0.125, r= 0.414), and Pb (p= 0.501, r=−0.188) (Fig. 2).

Discussion

Previous studies have demonstrated that the potential of
highly active antiretroviral therapy-related immune recov-
ery has altered the course of CMV retinitis [3, 4, 16]. It
is likely that patients with immune recovery will have
decreased rates of progression of retinitis. Trace elements

Table 2 The clinical information of patients in the cytomegalovirus
retinitis (CMVR) and the control group

Patients CMVR Cataract p Value

Number 11 24 –

Age (years) 31.18 ± 13.42 72.46 ± 11.83 <0.001a*

Female (%) 27.3 41.7 0.478b

aStudent t test
bFisher’s exact test
*Statistically significant differences at p < 0.05

Table 1 The detection limits and wave length of trace elements

Elements P Mg Na K Ca Ti V Cr Mn Fe Ni Cu Zn Se Sr Pb

Wave length (nm) 178.2 279.5 589.592 766.49 396.8 41 51 52 55 56 60 63 66 78 88 208

Detection limits (ng/mL) 5.81 0.91 12.7 41.98 1.15 0.044 0.003 0.046 0.028 0.115 0.016 0.403 0.022 0.328 0.049 0.002
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are essential for the host defense against infection and repair
immune response [17, 18]. Changes in the levels of
micronutrients have been described in inflammatory
responses, including Behcet’s disease and retinitis pig-
mentosa [10, 11, 17]. However, up to now, there is no
report on the aqueous humor levels of trace elements in
patients with CMVR.

In this study, we observed significantly higher aqueous
humor levels of P, Fe, Cu, and Pb, while the levels of K and
Mg reduced in patients with CMVR. This observation
agrees with previous reports that in Behcet’s disease, reti-
nitis pigmentosa and AMD [10, 11, 17]. Zn and Cu had
distinct distributions in the neural retina, retinal pigment
epithelium and choroid [8]. The essential metals Cu and Zn
play vital roles in retinal cell survival and are crucial for the
normal functioning of antioxidant enzymes. Considering
oxidative stress, iron as Fe(II), promotes formation of free
radicals, especially in the retina [18, 19]. From our data, we
found no evidence of abnormal Zn in CMVR patients, at
least in this patient population. This might be due to small
sample size or different ethnic groups.

After intravitreal injections of ganciclovir, the levels of
trace elements showed no significant change, while the

Table 3 The trace elements in patients with CMVR and patients with
cataract and without CMVR (control group)

Patients CMVR before injection Cataract p value

Number (eyes) 15 24 –

Ca (μg/mL) 50.26 ± 27.84 48.80 ± 5.51 0.470

K (μg/mL) 109.63 ± 12.30 127.77 ± 8.76 <0.001*

Mg (μg/mL) 12.57 ± 2.98 15.98 ± 1.87 0.001*

Na (μg/mL) 3193.31 ± 224.00 3174.75 ± 134.88 0.784

P (μg/mL) 29.92 ± 10.66 16.69 ± 3.99 <0.001*

Ti (ng/mL) 5.33 ± 2.97 5.07 ± 3.65 0.554

V (ng/mL) 0.58 ± 0.40 0.44 ± 0.33 0.326

Cr (ng/mL) 1.68 ± 1.15 4.40 ± 9.96 0.862

Mn (ng/mL) 3.27 ± 2.55 4.50 ± 3.82 0.225

Fe (ng/mL) 140.69 ± 146.83 85.33 ± 138.47 0.008

Ni (ng/mL) 1.11 ± 0.78 5.09 ± 17.52 0.066

Cu (ng/mL) 39.79 ± 33.73 9.81 ± 14.88 <0.001*

Zn (ng/mL) 152.95 ± 110.64 128.51 ± 44.61 0.954

Se (ng/mL) 8.42 ± 4.32 5.62 ± 2.05 0.058

Sr (ng/mL) 25.01 ± 16.75 27.50 ± 11.21 0.126

Pb (ng/mL) 1.24 ± 0.80 0.70 ± 0.36 0.010

Mann–Whitney test

*Test including Bonferroni correction, ɑ= 0.003, p < 0.003

Fig. 1 Differences in the levels of aqueous humor trace elements in group of patients with CMVR before injection of ganciclovir, after injection
of ganciclovir and control group
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Table 4 The changes of trace
elements in patients with CMVR
after injection of ganciclovir

Patients CMVR before injection CMVR after injection p Value

Number(eyes) 15 15

IL-8 (pg/mL) 491.15 ± 723.06 132.70 ± 160.98 0.001*

CMV DNA (copies/ml) 254,712.67 ± 502,653.90 158,139.47 ± 526,914.44 0.011*

Ca (μg/mL) 50.26 ± 27.84 46.39 ± 18.51 0.865

K (μg/mL) 109.63 ± 12.30 113.73 ± 12.34 0.088

Mg (μg/mL) 12.57 ± 2.98 14.34 ± 7.94 0.977

Na (μg/mL) 3,193.31 ± 224.00 3,192.98 ± 252.75 0.865

P (μg/mL) 29.92 ± 10.66 25.30 ± 5.88 0.191

Ti (ng/mL) 5.33 ± 2.97 5.83 ± 3.33 0.955

V (ng/mL) 0.58 ± 0.40 0.44 ± 0.23 0.394

Cr (ng/mL) 1.68 ± 1.15 1.10 ± 0.75 0.363

Mn (ng/mL) 3.27 ± 2.55 3.00 ± 1.50 0.733

Fe (ng/mL) 140.69 ± 146.83 104.59 ± 87.99 0.065

Ni (ng/mL) 1.11 ± 0.78 1.72 ± 2.05 0.570

Cu (ng/mL) 39.79 ± 33.73 34.91 ± 29.62 0.233

Zn (ng/mL) 152.95 ± 110.64 181.01 ± 222.78 0.609

Se (ng/mL) 8.42 ± 4.32 8.87 ± 4.62 0.807

Sr (ng/mL) 25.01 ± 16.75 22.85 ± 6.71 0.609

Pb (ng/mL) 1.24 ± 0.80 1.64 ± 1.30 0.427

Wilcoxon signed rank test

*Statistically significant differences at p < 0.05

Fig. 2 Scatterplots showing the association between the level of trace element and the level of IL-8 or CMV DNA load
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concentration of the aqueous IL-8 and CMV DNA load
declined. But we noticed that the level of Cu had sig-
nificantly positive correlation with both of the concentration
of IL-8 and CMV DNA load. CMVR secondary to
varied systemic diseases including AIDS or immuno-
suppressive treatment. Copper has been established as
an acute phase reactant and its level in serum have been
shown to change significantly in a range of acute and
chronic infective, inflammatory, and neoplastic processes
owing to increased reproductive of ceruloplasmin [20].
Serum Cu has been shown to return to normality after
overcoming the initial acute phase of the associated
disease. This finding is consistent with previous reports
that found significant higher serum copper in HIV-
seropositive subjects [21, 22].

Levels of CMV in anterior aqueous humor of patients
with CMVR could be an indicator of disease activity just
like levels of HIV in serum of patients with AIDS [13]. Our
previous study has reported that IL-8 was significantly
associated with the aqueous level of CMV copies and
continuously declined during multiple intravitreal injections
of antiviral drugs [14]. Considering the level of Cu had
positive correlation with both of the concentration of IL-8
and CMV DNA load in present study. The level of Cu has a
big chance to be a good quantitative laboratory indicator of
CMVR. Aqueous humor collected after only one injection,
not multiple injections. This could be the reason that the
level of Cu did not show significant decline after the
treatment. Nevertheless, the role of Cu acts in inflammation
or immune during the development of CMVR disease need
to be explored.

Certainly, there are still some limitations in our study.
First, the patients of the study group were younger than
the subjects of the control group (Table 1). The reason
for the difference in age between the two groups is that
senile cataract usually occurs in an older age than does
CMVR patients. Therefore, the patients of the study group
were younger, than the subjects of the control group.
It is true that age is an obligatory confounder. Because
the likelihood of an abnormal condition usually increases
with age, one therefore may infer that the difference in
age between study group and control group only strength-
ens the conclusions drawn. Furthermore, we performed
Spearman’s correlation tests between age and concentra-
tions of each element in control group, which excluded
age as a confounding factor for the remarked element.
One may believe that the age influence did not
remarkably affect the present conclusion. Second, our
findings should be considered preliminary; we have
only examined the levels of trace elements in the aqueous
humor, which is inaccurate to assume that a particular
element is released as a result of the disease process

or the cause of a disease process. Finally, the number of
enrolled patients was not large, because of the low pre-
valence of CMVR, and the study nevertheless was retro-
spective in design.

In conclusion, these findings give us an interesting hint
that knowledge of trace elements distribution, metabolism
and toxicity will help to understand their role in the
pathogenesis of CMVR. Alterations of the trace elements
levels indicate that micronutrient homeostasis may involve
in the pathogenesis of CMVR. Especially, Cu was sig-
nificantly higher in the aqueous humor of CMVR patients,
and positively associated with the aqueous level of CMV
DNA copies and IL-8. Thus, the roles of trace element
differences in ocular balance warrant further investigation
as factors in CMVR.

Study Highlights

What was known before

● Cytomegalovirus retinitis (CMVR) is a common
opportunistic infection that afflicts immunocompro-
mised patients. And Immune recovery has resulted in
an approximate 80% reduction in the incidence of
CMVR, and patients with CMVR who have immune
recovery are less likely to have progression of retinitis.
Trace elements are needed for micronutrient home-
ostasis, which plays a major role in maintaining a
healthy immune system.

What this study adds

● These findings give us an interesting hint that knowl-
edge of trace elements distribution, metabolism and
toxicity will help to understand their role in the
pathogenesis of CMVR.
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