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Vitamin D Levels After Kidney Transplantation and the Risk of
Cytomegalovirus Infection
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Abstract

Background: Some studies reported an association between low levels of vitamin D and the risk of infections, especially viral infections.
Kidney transplant patients are at risk of opportunistic infections; however, no study has been conducted on the association between
vitamin D levels and the risk of CMV infection.
Objectives: The aim of this study was to compare the level of vitamin D in two groups of patients with and without CMV infection within
four months after the transplantation. Moreover, we aimed to find a relation between vitamin D level, before and after transplantation in
each group.
Patients and Methods: This prospective cohort study was conducted in Baqiyatallah hospital in Tehran in 2013. A total of 82 kidney
transplant patients were enrolled and vitamin D levels were measured in them before transplantation. The kidney transplant patients
had been followed up for four months and monitored for the presence of cytomegalovirus antigen (CMV Ag) in their blood. In patients
with positive CMV Ag, vitamin D level was measured again when they became positive but in other patients it was measured at the end of
follow-up; at the end, characteristics of patients and vitamin D levels were compared between the two groups.
Results: Of all, 40 patients were CMV Ag positive and 42 patients were negative. In most patients transplanted organs were taken from
cadaver (66%) and the most common type of dialysis was hemodialysis (92%). Most participants did not undergo antithymocyte globulin
therapy (69%) and pulse corticosteroid therapy (83%). Vitamin D level before transplantation was 17.2 ± 11.6 ng/mL. In patients with positive
results or at the end of follow-up in patients without CMV Ag, vitamin D level was 16.3 ± 11.4 ng/mL. Only 11% of kidney transplant patients,
within four months after transplantation, had a normal level of vitamin D (> 30 ng/mL). There was no significant difference between the
two groups for patients’ characteristics (P > 0.05). Vitamin D levels, before transplantation and at the time of detecting CMV Ag or at the
end of follow-up period in patients without CMV, were not significantly different between the two groups (P > 0.05). However, vitamin D
levels decreased in patients with CMV, while it increased in CMV Ag negative patients, which was statistically significant (P = 0.037).
Conclusions: Only 11% of kidney transplant patients, even with a successful transplantation of the kidney and with an acceptable
performance of the transplanted kidney, had an adequate level of vitamin D. Although, we did not find any significant association between
vitamin D levels and CMV infection during a 4-month follow-up after kidney transplantation. It was observed that, compared with the time
before transplantation, vitamin D levels decreased in patients with CMV, while it increased in CMV negative patients.
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1. Background
Vitamin D is one of the necessary vitamins in body and
active vitamin D plays an important role in regulation
of proliferation, differentiation of cells in the immune
system, insulin sensitivity and bone and cardiovascular
health (1). The level of vitamin D in patients with chronic
kidney disease is low, and as kidney function decreases,
vitamin D level is reduced as well, so that 71% of stage
III patients and 83% of stage IV patients have vitamin
D deficiency. This problem can be attributed to nutritional problems, reduced mobility, reduced exposure to
sunlight and increased levels of fibroblast growth factor 23 (FGF23). Disorders of mineral metabolism, which
occur in chronic kidney disease, do not improve shortly

after successful renal transplantation; however, it can
be managed with appropriate pharmacological treatments (2). Different risk factors can lead to decreased
levels of vitamin D after the transplantation such as African-American ethnicity, limited sun exposure, diets low
in vitamin D, low fat mass, low serum albumin, dysfunction of liver, chronic obstructive pulmonary disease
(COPD), transplant dysfunction, diabetes, malabsorption, cold seasons, smoking, female gender, use of corticosteroids (increased metabolism of 25-hydroxy vitamin D), history of transplantation, proteinuria and use
of ACE inhibitors and Angiotensin receptor blockers at
the time of transplantation. The prevalence of vitamin
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D insufficiency after organ transplantation has been
variously reported by different studies from 51% to 97%
and its deficiency has been reported from 26% to 30%. It
has been mainly attributed to the fact that patients are
inhibited from exposure to sunlight, because they are
at an increased risk of secondary skin cancer due to the
use of immunosuppressive drugs (3).
Taking immunosuppressive drugs puts a person at
risk of opportunistic infections, so that the incidence of
Cytomegalovirus (CMV) infection after the first month
of transplantation, in the absence of anti-viral prophylaxis, is estimated to be 30% to 78%. Cytomegalovirus
Antigen (CMV Ag) can be transferred from the donor
kidney or via transfusion of blood products; it can also
transfer through sexual contact. CMV may remain hidden in the body until the end of life. However, the use of
immunosuppressive drugs can cause severe and fatal
illness due to this virus (3). Therefore, any strategy to
reduce the incidence of infection and increase the response to treatment can be helpful in survival of transplant patients.
Several studies conducted on the association between
levels of vitamin D or vitamin D supplements and certain viral infections, including lower respiratory tract
infections, influenza, hepatitis B and C, HIV, HSV1 and
EBV. In many cases, it has been reported that low levels of this vitamin increases the risk of severe cases of
disease or resistance to treatment (4-12). There is only
one study investigating the association of CMV and vitamin D levels in patients with multiple sclerosis (MS);
they found that a lower level of CMV antibody is associated with insufficient levels of vitamin D (13). However,
no study has been yet conducted on the association of
vitamin D levels and risk of CMV in kidney transplant
patients. Hence, given the high prevalence of CMV infection and drug resistant cases of the infection, high costs
for treatment of the problem and its complications in
kidney transplant patients and increased risk of viral
infection in the presence of low levels of vitamin D, this
study aimed to investigate the association of vitamin D
levels and CMV infection (positive CMV Ag) within the
first four months after kidney transplantation.

2. Objectives

The aim of this study was to compare the level of vitamin D in two groups of patients with and without CMV
infection within four months after transplantation.
Moreover, we aimed to find a relation between vitamin D
level before and after transplantation in each group.

3. Patients and Methods

This prospective cohort study was conducted in Baqiyatallah hospital in Tehran, Iran from June 2013 to December 2013. A total of 82 kidney transplant patients
were enrolled. All patients were taking immunosuppressive drugs including triple therapy with gluco2

corticoids, cyclosporine and mycophenolate mofetil.
In some cases, tacrolimus or azathioprine was used
instead of cyclosporine and rapamycin instead of mycophenolate mofetil. Exclusion criteria were patients’
non-compliance to refer regularly, not taking drugs and
irregular use of medications. A written informed consent was taken from all participants and the study was
ethically approved by Baqiyatallah University of Medical Sciences, Tehran, Iran.
A checklist was used to collect patients’ data at the
time of transplantation including demographic characteristics (age and sex), underlying disease leading to
kidney failure, kidney transplant characteristics (creatinine before and after transplantation, transplant
type, type of dialysis, status of transplanted kidney,
antithymocyte globulin therapy or pulse corticosteroid therapy) and laboratory results (blood factors,
fasting blood sugar, cholesterol (LDL, VLDL and HDL),
triglycerides, BUN (Blood Urea Nitrogen), creatinine,
CMV IgG, CMV IgM, blood group, Rh and serum level
of 25-hydroxy vitamin D). Patients were followed up
monthly for four months after the kidney transplantation and at any time blood CMV Ag became positive,
25-hydroxy vitamin D level was measured. In addition,
in case of detecting symptoms such as fever, respiratory problems, digestive problems, etc., blood CMV Ag
was checked again; if the result was negative and there
was still a strong clinical suspicion, the suspected patient underwent CMV PCR test. Patients with CMV Ag
positive received proper treatments and excluded from
the study. Patients with CMV Ag negative results after
four months of follow-up were selected as non-infected
group and their blood 25-hydroxy vitamin D level evaluated at the end of the fourth month. Patients were classified into three groups as follows; 25-hydroxy vitamin
D level higher than 30 ng/mL as normal, between 15 and
30 ng/mL as insufficiency and less than 15 ng/mL as deficiency (14). The characteristics of patients and vitamin
D levels were compared between the two CMV infected
and non-infected groups.
Data analysis was performed using SPSS for Windows 22
software (software package used for statistical analysis).
Quantitative variables were described by mean and standard deviation and qualitative variables were described by
frequency (percent). Quantitative variables were compared
between the two CMV infected and non-infected groups using independent samples t-test and qualitative variables
were compared using Chi-square test. To compare changes
in vitamin D levels between the two groups, Mann-Whitney
U test was used. The level of significance was set at P < 0.05.

4. Results
In this study, 45 patients (55%) were male and 37 (45%)
female; the range and mean age (SD) of patients were
17 - 73 years and 48 ± 14 years, respectively. Within four
months after transplantation, 40 patients became CMV
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Ag positive (infected with CMV) and 42 patients remained CMV Ag negative (non-infected with CMV). Table
1 compares demographic characteristics, reasons of kidney failure and blood groups and Rh between the two
groups. As shown, CMV Ag positive patients were significantly older than non-infected ones (P = 0.028). However, no significant difference was observed between the
two groups for other factors (P > 0.05). Table 2 compares
the results of tests conducted before transplantation
between the two groups. In most patients, transplanted
organs were obtained from cadaver (66%) and the most
common type of dialysis was hemodialysis in 92% of patients. Most participants did not undergo antithymocyte globulin therapy (69%) and pulse corticosteroid
therapy (83%). Table 3 compares creatinine levels before
and after kidney transplantation and kidney transplantation characteristics between the two groups; the results showed no significant difference (P > 0.05). Table
4 compares antibodies against CMV before transplanta-

tion and as shown there was no significant difference
between the two groups (P > 0.05).
Vitamin D level before transplantation was 17.2 ± 11.6 ng/
mL. When patients developed positive results for CMV
Ag or at the end of follow-up in non-infected patients,
vitamin D level was 16.3 ± 11.4 ng/mL. After kidney transplantation, only nine patients (11%) had vitamin D levels
greater than 30 ng/mL. Moreover, 25 patients (31%) had
insufficient levels of vitamin D (15 - 30 ng/mL) and 48 patients (58%) had vitamin D deficiency (15 ng/mL). Table 5
compares the levels of vitamin D between the two groups.
As shown, vitamin D levels, before and after transplantation (at the time of detecting CMV Ag positivity or at the
end of follow-up period in non-infected patients) were
not significantly different (P > 0.05); however, compared
with the time before transplantation, vitamin D levels decreased in CMV Ag positive patients, while it increased in
non-infected patients and it was statistically significant
between the two groups (P = 0.037).

Table 1. Comparison of Demographic Characteristics, Reasons of Kidney Failure, Blood Groups and Rh Between the Two Groups of
Patients With and Without CMVa
Demographic Data

Infected With CMV (N = 40)

Non-Infected With CMV (N = 42)

P Value

51 ± 14

44 ± 14

.028 b

Male

24 (60)

21 (50)

.363 c

female

16 (40)

21 (50)

Diabetes

23 (58)

12 (28)

Hypertension

2 (4)

4 (10)

Polycystic kidney disease (ADPKD)

3 (8)

2 (5)

Nephrotic Syndrome

NA

3 (7)

Stones

1 (2)

NA

Pyelonephritis

NA

1 (2)

Unknown

12 (28)

21 (48)

A

16 (40)

10 (24)

B

5 (12)

5 (12)

AB

2 (5)

6 (14)

O

17 (43)

21 (50)

Positive

39 (97)

37 (88)

Negative

1 (3)

5 (12)

Age , year
Gender

Cause of kidney failure

Blood group

Rh

.064 c

.289 c

.102 c

Abbreviation: NA, not available.
aData are presented as mean ± SD or No.(%).
bIndependent sample t-test.
cChi-square test.
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Table 2. Comparison of the Results of the Laboratory Tests Before Transplantation Between the Two Groups of Patients With and
Without CMVa
Laboratory Data

Infected With CMV (N = 40)

Non-Infected With CMV (N = 42)

P Valueb

11.3 ± 1.8

11.4 ± 1.9

.824

7.8 ± 1.7

7.4 ± 2.0

.352

127.9 ± 76.7

91.3 ± 17.9

.005

62.6 ± 32.2

54.7 ± 19.6

.177

9.2 ± 0.9

9.1 ± 0.7

.596

5.5 ± 1.4

5.5 ± 1.6

.992

4.2 ± 0.3

4.2 ± 0.3

.272

6.7 ± 1.5

6.3 ± 1.4

.278

160.8 ± 40.8

141.4 ± 26.7

.013

160.6 ± 74.6

133.7 ± 52.6

.062

94.3 ± 35.7

87.4 ± 22.0

.296

37.6 ± 9.1

37.0 ± 7.7

.741

16.9 ± 5.8

16.7 ± 4.7

.872

20.2 ± 10.3

19.8 ± 8.2

.868

304.0 ± 184.2

255.8 ± 162.1

.212

Hemoglobin, g/dL
White blood cells, × 1000/μL
Fasting blood sugar, mg/dL
BUN, mg/dL
Ca, mg/dL
P, mg/dL
Albumin, g/dL
Uric acid, mg/dL
Cholesterol, mg/dL
Triglycerides, mg/dL
LDL, mg/dL
HDL, mg/dL
AST, IU/L
ALT, IU/L
ALP, U/L
aData are presented as mean ± SD.
bIndependent sample t-test.

Table 3. Comparison of Characteristics of Kidney Transplant Between the Two Groups of Patients With and Without CMVa
Variables

Infected With CMV (N = 40)

Non-Infected With CMV (N = 42)

P Value

7.8 ± 2.5

7.4 ± 2.7

.588b

1.8 ± 1.1

1.2 ± 1.9

0 (0)

1 (2)

From nonfamily members

12 (30)

15 (36)

From dead bodies

28 (70)

26 (62)

Hemodialysis

29 (97)

36 (86)

1 (3)

6 (14)

27 (68)

28 (67)

8 (20)

6 (13)

4 (10)

4 (10)

Creatinine before transplantation, mg/dL

Creatinine after transplantation, mg/dL
Type of transplant

From family members

Type of dialysis

Preemptive

The status of transplanted kidney
Normal
SGF (Slow Transplant Function)
DGF (Delayed Transplant Function)
Loss of transplant

Antithymocyte globulin therapy
Pulse corticosteroid therapy

aData are presented as mean ± SD or No.(%).
bIndependent sample t-test.
cChi-square test.

4

1 (2)

4 (10)

13 (33)

12 (29)

5 (13)

9 (21)

.291b

.507c

.506c

.639c

.699c
.283c
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Table 4. Comparison of CMV Antibodies Before Transplantation Between the Two Groups of Patients With and Without CMVa
CMV Infection

Infected With CMV (N = 40)

Non-Infected With CMV (N = 42)

P Value

12.5 ± 3.5

12.3 ± 3.7

.795b

2.9 ± 1.5

2.8 ± 1.6

.963b

Positive

25 (63)

30 (71)

.390c

Negative

15 (37)

12 (29)

CMV IgG, U/mL

CMV IgM, U/mL
CMV IgG

aData are presented as mean ± SD or No.(%).
bIndependent sample t-test.
cChi-square test.

Table 5. Comparison of Vitamin D Levels Between the Two Groups of Patients With and Without CMVa
Before the transplantation, ng/mL

At the time of diagnosis of CMV Ag or at
the end of the follow-up period, ng/mL

Rate of change compared with the time
before transplantation
Before transplantation
≤ 15, ng/mL

15 - 30, ng/mL
> 30, ng/mL

At the time of diagnosis of CMV Ag or at
the end of follow-up period

Infected With CMV (N = 40)

Non-Infected With CMV (N = 42)

P Value

19.5 ± 11.8

15.0 ± 11.1

.077b

16.1 ± 12.9

16.5 ± 9.9

.885b

(-3.4) ± 14.0

1.4 ± 9.9

.037c

15 (38)

26 (62)

7 (17)

5 (12)

18 (45)

11 (26)

.776d

≤ 15, ng/mL

25 (63)

23 (55)

> 30, ng/mL

4 (10)

5 (12)

15 - 30, ng/mL
aData are presented as mean ±SD or No.(%).
bIndependent sample t-test.
cMann-Whitney U test.
dChi-square test.

.085d

11 (27)

14 (33)

5. Discussion
This study showed that during the four-month study
period after transplantation, 49% of kidney transplant
patients were infected with CMV. In addition, during this
period, only 11% of kidney transplant patients had normal
vitamin D level (above 30 ng/mL). Moreover, 31% had insufficient level of vitamin D (15 to 30 ng/mL) and 58% had
vitamin D deficiency (less than 15 ng/mL). This means that
in 89% of kidney transplant patients, vitamin D level was
lower than normal after transplantation. Although a statistically significant association between vitamin D levels
and the risk of CMV was not found in kidney transplant
patients, compared with the time before transplantation, vitamin D levels decreased in CMV infected patients,
while it increased in non-infected patients.
The incidence of active CMV infection has been reported
in different studies from 30% to 56%. The incidence of CMV
may be affected by many factors such as serologic status of
donor and recipient regarding CMV, transplant type, type
and intensity of immunosuppressive therapy and method of detecting CMV (15, 16). In addition, the use of some
therapeutic agents such as anti-lymphocyte is assumed a
Nephro Urol Mon. 2015;7(6):e29677

risk factor for CMV infection (17). The use of prophylactic
antiretroviral therapy to prevent reactivation of latent virus has been reported by several studies and shown that
prophylactic therapy can significantly reduce the incidence of cytomegalovirus infection after transplantation
(15). Moreover, it has been found that the use of hyperimmune globulin products for treating CMV resulted in decreased incidence, severity and mortality of CMV infection
(18). However, it has been shown that the use of inactive
immunization by immunoglobulin (IgG) did not guarantee a safe protection against disease, especially in high risk
patients (19). As a result, although the use of prophylactic
therapy against CMV is clearly recommended, still there is
a lot of controversy about the duration of treatment (15).
The mentioned factors can justify the differences between
the results of different studies on the incidence of CMV infection in kidney transplant patients.
Nowadays, transplantation is recognized as the main
treatment for end-stage renal disease, which can improve
many metabolic disorders leading to renal osteodystrophy.
However, these disorders remain in many of kidney trans5
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plant patients (20). In a study conducted by Taziki et al. in
2011 (21), only 6.5% of renal transplant patients had normal
blood level of vitamin D and in 93.5% of patients serum level of vitamin D was low (58.7% had insufficiency and 34.8%
had deficiency). These findings suggest that vitamin D deficiency in kidney transplant patients is significantly high.
However, in the control group of the same study there was
a high incidence of vitamin D deficiency. It is likely that decrease in vitamin D level after transplantation, compared
with the time before transplantation, would be involved
in viral infections. In a study conducted by Gonzalez et al.,
97% of dialysis patients, compared with 86% of kidney transplant patients, were affected by 25-hydroxy vitamin D deficiency (22). In Boudville et al. study in 2006, 27.3% of kidney
transplant patients had vitamin D deficiency and 75.5% had
vitamin D level insufficiency. In that study, vitamin D level
less than 30 ng/mL considered as insufficient and the levels less than 16 ng/mL was considered as deficient (23). Reinhardt et al. studied 129 renal transplant patients in 1998,
and reported severe vitamin D deficiency in 63 cases. However, vitamin D levels were increased after transplantation,
but still remained below the normal level (24).
This indicates that renal transplant patients with a normal kidney function still face low levels of 25-hydroxy
vitamin D. In Fleseriu et al. study in 2007, mean blood
25-hydroxyvitamin D level of kidney transplant patients
was 19.5 ng/mL (25). However, in our study vitamin D level
during the first four months after transplantation, compared with the time before transplantation, in patients
with CMV continued to decline, while in non-infected
group was slightly increased. It seems that differences
among the results of various studies is attributable to
differences in time intervals for measuring vitamin D
level after transplantation and consideration of different levels for detection of vitamin D insufficiency or
deficiency. However, it is clear that there is a significant
prevalence of vitamin D level insufficiency, even after
successful kidney transplant. In Iran, studies on general
population have shown the high prevalence of vitamin
D deficiency in 81% of people living in Tehran aged 20 to
64 years old (26) and 90% of people living in Mazandaran
province (27). Thus, studies comparing vitamin D levels
between general population and kidney transplant patients have not found statistically significant differences
in mean serum 25-hydroxy vitamin D levels between the
two groups. Lack of significant difference between the
mentioned groups can be due to high incidence of low
vitamin D levels in the general population (21).
We did not find any study on the association between
vitamin D levels and CMV in kidney transplant patients.
However, the association between vitamin D and other
viral infections in different populations has been discussed in some studies. Only one study on the association
between vitamin D level and CMV was found; the study
was conducted on children diagnosed with multiple sclerosis. The results of that study showed that lower level of
CMV antibodies were associated with insufficient level
6

of vitamin D; in contrast, adequacy of vitamin D was associated with higher levels of CMV antibodies. Moreover,
in the control group, sufficient vitamin D was associated
with lower levels of CMV antibodies (13).
The observational studies evaluating the association between serum 25-hydroxy vitamin D and respiratory infections had different results. Some studies reported an increased incidence of acute respiratory tract infections and
low serum 25-hydroxy vitamin D (5, 28, 29). Retrospective
analyses of the Third National Health and Nutrition Examination Survey conducted on 18883 patients showed that
25-hydroxy vitamin D levels less than 30 ng/mL was associated with increased risk of upper respiratory tract infection.
In contrast, the risk of infection in patients with blood levels
less than 10 ng/mL was 55% more than the control group (7).
However, some of the studies did not report any association
between serum 25-hydroxy vitamin D levels and respiratory
tract infections (6, 30). Some studies found an association
between vitamin D levels and influenza (8)), while others
did not find such an association (10). Studies on vitamin D
levels in HIV patients showed lower levels of the vitamin
in patients compared to the control group (9, 31). A limited
number of studies conducted on the association between
vitamin D levels and Hepatitis B, Hepatitis C, EBV, HSV1, dengue fever and tuberculosis and suggested that low levels of
vitamin D can be associated with more severe form of disease and/or resistance against related treatment (4, 11, 12)

5.1. Limitations
The present study is unique because it investigated the
association between vitamin D levels and risk of CMV infection in kidney transplant patients, however had also
some limitations. One of the limitations was the sample
size. Moreover, some factors such as uncertainty about
the use of different drugs by patients after transplantation, nutritional differences between patients and different levels of exposure to sunlight are among the factors
that significantly influence the level of vitamin D in these
patients. Moreover, a simultaneous study of a control
group consisting of patients’ relatives can remove some
of the confounding factors such as diet and can show the
differences or lack of differences between study population and general population. Measuring vitamin D levels
and assessing their association with CMV infection in a
longer period of time can result in more reliable results.

5.2. Conclusions
This study showed that compared with the time before
transplantation, vitamin D levels decreased in patients
with CMV, while it increased in non-infected patients. Given the high prevalence of low vitamin D levels in kidney
transplant patients, further studies with a larger sample
size and with a control of confounding factors can confirm the role of vitamin D as a factor affecting innate immunity and preventing aggravation of CMV infection.
Nephro Urol Mon. 2015;7(6):e29677

Saber A et al.

Acknowledgments
We appreciate all kidney transplantation unit personnel.

15.

Footnotes

Authors’ Contribution:Azadeh Saber: data collection,
scientific writing, data analysis. Farzaneh Fotuhi: data
collection. Zohre Rostami: correspondence, data collection, writing, study design. Behzad Einollahi: data collection. Eghlim Nemati: data collection.
Funding/Support:This study was supported by nephrology and urology research center of Baqiatallah University.

References
1.

2.
3.
4.
5.

6.

7.

8.
9.

10.

11.

12.

13.

14.

Zhao Y, Shi B, Xiao L, Qian Y, Feng K, He X. Association of vitamin D
receptor FokI and ApaI polymorphisms with human cytomegalovirus disease in the first three months following kidney transplantation. Chinese med j. 2012;125(19):3500–4.
Martin KJ, Gonzalez EA. Strategies to minimize bone disease
in renal failure. Am J Kidney Dis. 2001;38(6):1430–6. doi: 10.1053/
ajkd.2001.29283. [PubMed: 11728986]
Danovitch GM; Handbook of Kidney Transplantation. 5 th ed. Philadelphia: Wolters Kluwer Health; 2012.
Beard JA, Bearden A, Striker R. Vitamin D and the anti-viral state.
J Clin Virol. 2011;50(3):194–200. doi: 10.1016/j.jcv.2010.12.006.
[PubMed: 21242105]
Roth DE, Shah R, Black RE, Baqui AH. Vitamin D status and
acute lower respiratory infection in early childhood in Sylhet,
Bangladesh. Acta Paediatr. 2010;99(3):389–93. doi: 10.1111/j.16512227.2009.01594.x. [PubMed: 19900174]
McNally JD, Leis K, Matheson LA, Karuananyake C, Sankaran K,
Rosenberg AM. Vitamin D deficiency in young children with
severe acute lower respiratory infection. Pediatr Pulmonol.
2009;44(10):981–8. doi: 10.1002/ppul.21089. [PubMed: 19746437]
Ginde AA, Mansbach JM, Camargo CA. Association between serum 25-hydroxyvitamin D level and upper respiratory tract infection in the Third National Health and Nutrition Examination
Survey. Arch Intern Med. 2009;169(4):384–90. doi: 10.1001/archinternmed.2008.560. [PubMed: 19237723]
Cannell JJ, Zasloff M, Garland CF, Scragg R, Giovannucci E. On the
epidemiology of influenza. Virol J. 2008;5:29. doi: 10.1186/1743422X-5-29. [PubMed: 18298852]
Teichmann J, Stephan E, Lange U, Discher T, Friese G, Lohmeyer
J, et al. Osteopenia in HIV-infected women prior to highly active antiretroviral therapy. J Infect. 2003;46(4):221–7. [PubMed:
12799147]
Urashima M, Segawa T, Okazaki M, Kurihara M, Wada Y, Ida H. Randomized trial of vitamin D supplementation to prevent seasonal
influenza A in schoolchildren. Am J Clin Nutr. 2010;91(5):1255–60.
doi: 10.3945/ajcn.2009.29094. [PubMed: 20219962]
Sanchez-Valdez E, Delgado-Aradillas M, Torres-Martinez JA, Torres-Benitez JM. Clinical response in patients with dengue fever
to oral calcium plus vitamin D administration: study of 5 cases.
Proc West Pharmacol Soc. 2009;52:14–7. [PubMed: 22128411]
Petta S, Camma C, Scazzone C, Tripodo C, Di Marco V, Bono A, et
al. Low vitamin D serum level is related to severe fibrosis and
low responsiveness to interferon-based therapy in genotype 1
chronic hepatitis C. Hepatology. 2010;51(4):1158–67. doi: 10.1002/
hep.23489. [PubMed: 20162613]
Mowry EM, James JA, Krupp LB, Waubant E. Vitamin D status and antibody levels to common viruses in pediatriconset multiple sclerosis. Mult Scler. 2011;17(6):666–71. doi:
10.1177/1352458510394398. [PubMed: 21212086]
Hesketh CC, Knoll GA, Molnar AO, Tsampalieros A, Zimmerman
DL. Vitamin D and kidney transplant outcomes: a protocol for
a systematic review and meta-analysis. Syst Rev. 2014;3:64. doi:

Nephro Urol Mon. 2015;7(6):e29677

16.

17.

18.

19.
20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

10.1186/2046-4053-3-64. [PubMed: 24930018]
Ricart MJ, Malaise J, Moreno A, Crespo M, Fernandez-Cruz L, EuroSPK Study Group. Cytomegalovirus: occurrence, severity, and
effect on graft survival in simultaneous pancreas-kidney transplantation. Nephrol Dial Transplant. 2005;20 Suppl 2:ii25–32. doi:
10.1093/ndt/gfh1079. [PubMed: 15814546]
Pouteil-Noble C, Betuel H, Raffaele P, Megri K, Louvier C, Lefrancois N, et al. [Influence of HLA compatibility on cytomegalovirus infection in kidney transplantation]. Presse Med.
1991;20(40):2022–4. [PubMed: 1662376]
Lo A, Stratta RJ, Egidi MF, Shokouh-Amiri MH, Grewal HP, Kisilisik
AT, et al. Patterns of cytomegalovirus infection in simultaneous
kidney-pancreas transplant recipients receiving tacrolimus, mycophenolate mofetil, and prednisone with ganciclovir prophylaxis. Transpl Infect Dis. 2001;3(1):8–15. [PubMed: 11429034]
Nicol DL, MacDonald AS, Belitsky P, Lee S, Cohen AD, Bitter-Suermann H, et al. Reduction by combination prophylactic therapy
with CMV hyperimmune globulin and acyclovir of the risk of primary CMV disease in renal transplant recipients. Transplantation.
1993;55(4):841–6. [PubMed: 8386404]
Wittes JT, Kelly A, Plante KM. Meta-analysis of CMVIG studies for
the prevention and treatment of CMV infection in transplant patients. Transplant Proc. 1996;28(6 Suppl 2):17–24. [PubMed: 9037273]
Lehmann G, Ott U, Stein G, Steiner T, Wolf G, editors. Renal osteodystrophy after successful renal transplantation: a histomorphometric analysis in 57 patients.; Transplantation proceedings.; 2007; Elsevier; pp. 3153–8.
Taziki O, Espahbodi F, Alizadeh Forutan M, Kashi Z. 25-hydroxyvitamin D deficiency in kidney transplant recipients. Iran J Kidney
Dis. 2011;5(1):57–62. [PubMed: 21189437]
Gonzalez EA, Sachdeva A, Oliver DA, Martin KJ. Vitamin D insufficiency and deficiency in chronic kidney disease. A single center observational study. Am J Nephrol. 2004;24(5):503–10. doi:
10.1159/000081023. [PubMed: 15452403]
Boudville NC, Hodsman AB. Renal function and 25-hydroxyvitamin D concentrations predict parathyroid hormone levels in renal transplant patients. Nephrol Dial Transplant. 2006;21(9):2621–
4. doi: 10.1093/ndt/gfl201. [PubMed: 16644777]
Reinhardt W, Bartelworth H, Jockenhovel F, Schmidt-Gayk H, Witzke O, Wagner K, et al. Sequential changes of biochemical bone
parameters after kidney transplantation. Nephrol Dial Transplant.
1998;13(2):436–42. [PubMed: 9509459]
Fleseriu M, Licata AA. Failure of successful renal transplant
to produce appropriate levels of 1,25-dihydroxyvitamin D. Osteoporos Int. 2007;18(3):363–8. doi: 10.1007/s00198-006-0238-3.
[PubMed: 17061149]
Hashemipour S, Larijani B, Adibi H, Javadi E, Sedaghat M, Pajouhi
M, et al. Vitamin D deficiency and causative factors in the population of Tehran. BMC Public Health. 2004;4:38. doi: 10.1186/14712458-4-38. [PubMed: 15327695]
Saiidian FS. Determine of seasonal variations of serum vitamin D
level at end of the summer and end of the winter on 10-70 years old
populations in temperate weather. Medical Faculty of Mazandaran
University of Medicine; 2008.
Laaksi I, Ruohola JP, Tuohimaa P, Auvinen A, Haataja R, Pihlajamaki H, et al. An association of serum vitamin D concentrations
< 40 nmol/L with acute respiratory tract infection in young Finnish men. Am J Clin Nutr. 2007;86(3):714–7. [PubMed: 17823437]
Wayse V, Yousafzai A, Mogale K, Filteau S. Association of subclinical vitamin D deficiency with severe acute lower respiratory infection in Indian children under 5 y. Eur J Clin Nutr. 2004;58(4):563–7.
doi: 10.1038/sj.ejcn.1601845. [PubMed: 15042122]
Roth DE, Jones AB, Prosser C, Robinson JL, Vohra S. Vitamin D
status is not associated with the risk of hospitalization for acute
bronchiolitis in early childhood. Eur J Clin Nutr. 2009;63(2):297–9.
doi: 10.1038/sj.ejcn.1602946. [PubMed: 17971825]
Haug C, Muller F, Aukrust P, Froland SS. Subnormal serum concentration of 1,25-vitamin D in human immunodeficiency virus
infection: correlation with degree of immune deficiency and
survival. J Infect Dis. 1994;169(4):889–93. [PubMed: 7907645]

7

