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Abstract

Introduction: Infections can play an important role in the
mortality and morbidity of patients with glomerulonephritis.
However, the frequency of infectious complications in pri-
mary glomerulonephritis and their burden to the healthcare
managements are not clear. Methods: We evaluated the in-
fectious complications in patients with biopsy-proven focal
segmental glomerulosclerosis, membranous glomerulone-
phritis, IgA nephropathy, minimal change disease, membra-
noproliferative glomerulonephritis, and chronic glomerulo-
nephritis during the last 10 years in a single center. We re-
corded the demographic, clinical, and laboratory
characteristics; treatment modalities; infectious episodes;
and infection-related mortality and morbidity of the pa-
tients. Results: Of the patients, 154 (63.6%) received immu-
nosuppressive treatment and 88 (34.4%) were followed up
under conservative treatment. Overall, 118 infectious epi-

sodes were noted in 64 patients, with an infection rate of
0.20 per patient-year. Total infectious complications were
higher in the immunosuppressive group than in the conser-
vative group (42.1 vs. 23.3%, p = 0.005). Infection-related
hospitalizations were also higher in the immunosuppressive
group (p = 0.01). The most frequently infected area was the
lungs (15.7%). Although bacterial infections were the most
common in both groups, 14.9% of the immunosuppressive
group had cytomegalovirus (CMV) replication. Age >50 years
(OR 2.19, p = 0.03), basal serum albumin <2.5 g/dL (OR 2.28,
p = 0.02), cyclophosphamide (OR 2.43, p = 0.02), and cyclo-
sporine (OR 2.30, p = 0.03) were independently associated
with experiencing infectious episodes. Conclusions: Be-
cause of high seropositivity for CMV in Turkey, it might be a
wise approach to use prophylactic antiviral drugs in patients
treated with immunosuppressive treatments. Close moni-
toring of patients with primary glomerulonephritis, especial-
ly those treated with immunosuppressive therapy, is impor-
tant for reducing infection-related morbidity and mortality.
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Introduction

Infection is a known complication of either glomerular
diseases themselves or immunosuppressive treatments in
patients with glomerular diseases. Possible explanations
for the increased risk for infection in glomerular diseases
consist of loss of IgG and complement factor B, zinc, and
transferrin in the urine, which are all required for a nor-
mal immune function [1]. Years ago, infection was the
major cause of death in patients with nephrotic syndrome
[2]. Along with the increased remission of glomerulone-
phritis and wide usage of antibiotics, infection-related
mortality has decreased; however, infections are still an
important cause of mortality and morbidity [3].

Glomerulonephritis might be diagnosed as a primary
disorder or as a part of a systemic disease, such as sys-
temic lupus erythematosus (SLE), antineutrophil cyto-
plasmic antibodies-associated vasculitis (AAV), or
thrombotic microangiopathy. Notwithstanding the fact
that corticosteroids still have the most widespread use of
all, immunosuppressive therapy usage has been devel-
oped, and there are different treatment choices for pri-
mary glomerulonephritis, such as cyclophosphamide,
calcineurin inhibitors, mycophenolate mofetil (MMF),
azathioprine, and rituximab. Although different agents
may have their own side effects, infectious complications
are common to all [4]. There are several previous studies
dealing with the safety of several agents in selected popu-
lations [5-7]. However, very few studies have focused on
the various infections and their effects on hospital out-
comes in all primary glomerulonephritis in the develop-
ing part of the world. Turkey is a developing Eurasian
country with a population of approximately 83 million
people [8]. Despite cardiovascular diseases being the
most prevalent causes of death in Turkey, communicable
diseases are still a matter of concern. Almost ten thou-
sand deaths occur every year in Turkey because of infec-
tious diseases [9]. Additionally, higher cytomegalovirus
(CMV) seropositivity rate has an important role in pa-
tients planned to receive immunosuppressive therapy
[10]. Although there is evidence of adverse events such
as organ involvements of CMV diseases and cessation of
immunosuppression as a result of CMV reactivation
[11], there is a lack of experience and recommendation
on antiviral prophylaxis for CMV reactivation in glo-
merular diseases. The purpose of this study was to iden-
tify the frequency of infectious complications in primary
glomerulonephritis and clarify their burden to the health-
care managements along with the risk factors contribut-
ing to infection.
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Materials and Methods

This was a retrospective, single-center study including 242
adult patients with biopsy-proven focal segmental glomeruloscle-
rosis (FSGS), membranous nephropathy, IgA nephropathy, mini-
mal change disease, membranoproliferative glomerulonephritis,
and chronic glomerulonephritis diagnosed between January 2009
and June 2019 and followed up for at least 3 months. We evaluated
364 patients with the diagnosis of glomerulonephritis. We exclud-
ed 9 patients with the diagnosis of FSGS related to antineutrophil
cytoplasmic antibodies and anti-GBM; 15 patients were excluded
because of <3 months of follow-up time and 98 patients were lost
to follow-up. An infectious episode was defined as a clinically con-
firmed infection requiring antimicrobial treatment. If there was a
documented responsible agent, it was denoted. Immunosuppres-
sive treatments were applied according to KDIGO guidelines after
2012 and our center’s clinical practice — before [12].

We recorded the demographic and clinical characteristics, treat-
ment modalities, and antimicrobial prophylaxis status of the pa-
tients. Infectious event-related data were collected as frequency of
infection, infection occurring time after the diagnosis, area of the
infection (lungs, genitourinary system, skin and soft tissue, upper
respiratory tract, gastrointestinal system, sepsis, joints, and bone),
responsible infectious agents (bacteria, virus, or fungus), and rate of
infection-related mortality. We retrieved the number and duration
of admissions, infection related or otherwise, to the emergency de-
partment, intensive care unit, or inpatient units. We recorded the
need for renal replacement therapy and the time passed after the di-
agnosis until the renal replacement therapy. Laboratory results were
collected at the time of diagnosis; at 1, 3, 6, and 12 months after the
diagnosis; and then every 12 months until the last follow-up. Pro-
teinuria level was graded as <1, 1-3, >3, and >10 g. Renal function
was denoted with the estimated glomerular filtration rate (eGFR)
calculated according to the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula and creatinine level [13].

Statistical Analysis

Clinical and laboratory data are expressed as percentages,
means (+SD), or medians (interquartile range [IQR]), as appropri-
ate. Continuous variables in the characteristics of the 2 groups
were compared by the ¢ test or Mann-Whitney U test and categor-
ical variables with Pearson’s x? or Fisher’s exact test. Logistic re-
gression analyses were performed to study associations between
“immunosuppression/infection” (dependent variable) and predic-
tor variables. Parameters with a p value <0.2 in univariate analysis
were considered for entry in the multiple logistic regression mod-
el. The quality of adjustment of the model was tested with the Hos-
mer-Lemeshow statistic. Odds ratios are expressed with 95% con-
fidence intervals (Cls). A threshold value of p < 0.05 was consid-
ered as statistically significant. The calculations were made with
IBM SPSS 11.5 (SPSS Inc., Chicago, IL, USA).

Results

Main Characteristics of the Patients
We evaluated 242 patients (114 females, 128 males)
with a median follow-up of 31 months. The mean age of
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Table 1. Main characteristics of patients at
diagnosis

Female, n/male, n
Age, mean * SD, years
Renal pathology, 1, %
Membranous nephropathy
FSGS
IgA nephropathy
Minimal change disease
Membranoproliferative glomerulonephritis
Chronic glomerulonephritis
Serum Cr, median (IQR), mg/dL
eGFR, median (IQR), mL/min/1.73 m?
Proteinuria, median (IQR), mg/day
Proteinurias, %
<1 g/day
1-3 g/day
>3 g/day
>10 g/day
Serum albumin, median (IQR), g/dL
Serum IgG, median (IQR) (7.51-15.6 g/L)
Antimicrobial prophylaxis, #, %
Patients with at least one infectious episode, 1, %

114/128
44.4+14.3

78, 32.2
68, 28.1
57,23.6
23,9.5
6,2.5
10, 4.1
1.08 (0.7-1.7)
68.6 (39.1-105)
4,923 (2,349-7,317)

6.2
27.3
55
11.6
2.95(2.2-3.7)
7.96 (5-10.7)
52,33.8
84,347

SD, standard deviation; eGFR, estimated glomerular filtration rate; IQR, interquartile

range; FSGS, focal segmental glomerulosclerosis.
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Fig. 1. Immunosuppressive treatments.
MMF, mycophenolate mofetil.

the patients was 44.4 + 14.3 years. The most frequent re-
nal pathology was membranous glomerulonephritis. The
median creatinine level was 1.08 mg/dL (IQR, 0.7-1.7),
eGFR level was 68.6 mL/min/1.73 m? (IQR, 39.1-105),
55% of patients had >3 g/day proteinuria, and 11.6% of
patients had >10 g/day proteinuria at diagnosis. Demo-
graphic characteristics at the time of diagnosis and the
results are summarized in Table 1.

Of the patients, 154 (63.6%) received immunosup-
pressive treatment and 88 (34.4%) were followed up un-
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der conservative treatment. In all, 98% of those immu-
nosuppressive treatments were corticosteroids, 36.4%
were cyclophosphamide, 13% were MMF, 14.9% were
azathioprine, 30.5% were cyclosporine, 5.8% were ta-
crolimus, and 10.4% were rituximab (shown in Fig. 1).
Treatments were given alone or in combination. Ste-
roids were the most frequent first-line choice; 63.6% of
patients achieved remission with first-line immuno-
suppressives; however, 26.4% needed second-line, 9.1%
needed third-line, 2.1% needed fourth-line treatment.
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Table 2. Comparison of clinical characteristics of patients with and without immunosuppressive therapy

Parameter Immunosuppressive ~ Immunosuppressive p value
therapy (+), n =154 therapy (-), n = 88

Female/male, n, % 74, 48.1/80, 51.9 40, 45.5/48, 54.5 0.789
Age, mean + SD, years 44.7+14.6 44+13.8 0.720
Follow-up, median (IQR), months 24 (8-49) 21 (4-43.75) 0.360
eGFR-0, median (IQR), mL/min/1.73 m2 80.6 (46-109) 54.06 (25.9-86.5) <0.0001
eGFR-end, median (IQR), mL/min/1.73 m? 85 (55-90) 61 (20-90) <0.0001
Serum albumin-0, median (IQR), g/dL 2.55(2-3.32) 3.6 (2.92-4) <0.0001
Proteinuria-0, median (IQR), g/day 5,494 (3,604-5,494) 2,527 (1,606-4,298) <0.0001
Serum IgG, median (IQR) (7.51-15.6 g/L) 6.5 (4.3-9.2) 9.5 (7.75-12) <0.0001
Infection (+), 1, % 64,42.1 20, 23.3 0.005
Infection-related hospitalization, 1, % 40, 26.1 11,12.5 0.014
Infection attack, mean + SD/median (IQR) 0.76x1.1/0 (0-5) 0.26+0.49/0 (0-1) 0.001
Time interval between the diagnosis and infection, median (IQR), months 3(1-8) 3.5(1-21) 0.844
Emergency admissions, mean + SD/median (min-max) 0.48+1.1/0 (0-10) 0.31+£0.89/0 (0-5) 0.104
Infection-related emergency admissions, mean + SD/median (min-max) 0.17+0.45/0 (0-3) 0.8+0.27/0 (0-1) 0.135
Total hospitalization, mean + SD/median (min-max) 1.83+£1.28/1 (1-7) 1.40+1.25/1 (1-7) 0.02
Noninfectious hospitalization, n, % 70, 45.5 24,273 0.004
Infection-related hospitalization, #, % 40, 26.1 11,125 0.014
Infection-related hospitalization, mean + SD/median (min-max) 0.33+0.61/0 (0-3) 0.13+0.37/0 (0-2) 0.011
Infection-related hospitalization days, mean + SD/median (min-max) 5.5+14.61/0 (0-128) 2.06+7.68/0 (0-47)  0.011
Intensive care admission days, mean + SD/median (min-max) 1.034£9.1/0 (0-110) 0.07+0.74/0 (0-7) 0.33
Infection-related ICU admission, n, % 8,5.2 1, 1.1 0.161
Infection-related mortality rate, n, % 6,3.9 2,2.3 0.714
RRT, n, % 9,5.8 24,27.3 <0.0001
Time interval between diagnosis and RRT, median (IQR), months 7.5 (1-33) 3(1-23) 0.867

SD, standard deviation; eGFR, estimated glomerular filtration rate; IQR, interquartile range; ICU, intensive care unit; RRT, renal

replacement therapy.

Only 1 patient received fifth-line treatment according
to KDIGO guidelines.

Antimicrobial prophylaxis was given to 33.8% of the
patients. Prophylactic drugs were given alone or in com-
bination, and they were as follows: trimethoprim-sulfa-
methoxazole (TMP-SMX) (n = 42), fluconazole (n = 29),
izoniazid (n = 4), acyclovir (n = 4), entecavir (n = 2), te-
nofovir (n = 2), and lamivudine (n = 2).

Comparison of Clinical Characteristics of Patients
with and without Immunosuppressive Therapy

Characteristics of the patients with and without im-
munosuppressive therapy are shown in Table 2. Total in-
fectious complications were compared based on whether
or not an infection occurred, and were found to be high-
er in the immunosuppressive group than in the conserva-
tive group (42.1 vs. 23.3%, p = 0.005). Percentages of
whether or not an infection-related hospitalization hap-
pened were also higher (26.1 vs. 12.5%, p = 0.01).
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The rate of emergency admissions was not different
between the 2 groups. However, total and noninfectious
hospitalization rate, number of hospitalizations due to in-
fection, and duration of infection-related hospitalization
were higher in the immunosuppressive group than in the
conservative group (Table 2).

Although infection-related ICU admissions and mor-
tality were higher in the immunosuppressive group than
in the conservative group (8, 5.2% vs. 1, 1.1%, p = 0.161;
6,3.9% vs. 2, 2.3%, p = 0.714, respectively) because of the
small patient number, they did not reach the significant
level. Fatal infections were pneumonia and septic shock.

In total, 29 patients became dialysis dependent and 4
patients received kidney transplantation. In the patients
treated with an immunosuppression protocol, the num-
ber of patients who progressed to end-stage kidney dis-
ease was lower than the rest (5.8 vs. 27.3%, p < 0.0001).
Dialysis initiation time after the diagnosis was not differ-
ent (Table 2).

The areas most frequently infected was the lungs
(15.7%), genitourinary system (12.8%), skin/soft tissue
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Table 3. Infectious episode characteristics

Parameter Immunosuppressive Immunosuppressive Overall
therapy (+), n = 154 therapy (-), n =88
Infected areas, 1, % (all episodes)
Lungs 33,214 5,5.68 38,15.7
Upper respiratory tract 9,58 1,1.1 10, 4.1
Gastrointestinal system 4,25 1, 1.1 52
Genitourinary system 23,14.9 8,9 31,12.8
Skin/soft tissue 9,5.8 3,12 12,4.9
Joint and bone 0 1,0.4 1,0.4
Infection
Sepsis 3,19 0 3,1.23
Viremia 9,1.29 0 9,3.71
Infected areas, n, % (first episode)
Lungs 27,422 6,30 33,13.6
Upper respiratory tract 5,7.8 1,5 6,2.47
Gastrointestinal system I, 1.6 1,5 2,0.8
Genitourinary system 17, 26.6 8, 40 25,10.3
Skin/soft tissue 7,10.9 3,15 10,4.13
Joint and bone 0 1,5 1,04
Infection
Sepsis 2,3.1 0 2,0.82
Viremia 5,78 0 52
Infectious agent, 1, % (all episodes)
Bacterial 56, 36.3 18,20.4 74, 30.5
Viral 17,11 2,22 19,7.8
Fungal 2,1.29 0 2,0.8
Infectious agent, n, % (first episode)
Bacterial 51,79.7 17, 89.5 68,28
Viral 12,18.8 2,10.5 14,5.7
Fungal 1,1.6 0 1,04
CMYV infection/reactivation, #, % 23,14.9 0
CMV DNA checked, n, % - - 63,41
CMV-related hospitalization, n, % 8,51 0

CMV, cytomegalovirus.

(5%), and upper respiratory tract (4.1%). Thinking it is
the most related, we compared the first infectious event
after the diagnosis, and there was no difference between
the 2 groups regarding the infection area or infectious
agent (Table 3).

Bacterial infections were the most common in both
groups; while 14.9% of patients receiving immunosup-
pressive therapy had CMV replication and/or infection
(n = 23), there was no CMV replication in the conserva-
tive group. CMV DNA was checked for only 63 of the
patients in the immunosuppressive group (40.9%). Eight
of the patients (34.7%) who had CMV reactivation need-
ed hospital admission for antiviral treatment.

Three patients experienced zona zoster, and 1 patient
was diagnosed with tuberculous lymphadenitis. There

Infectious Complications in Primary
Glomerulonephritis

were 3 cases of pulmonary Pneumocystis jirovecii and 1
case of invasive aspergillosis. Six patients received hepa-
titis B prophylaxis, and no hepatitis reactivation oc-
curred.

Comparisons of Patients in the Immunosuppressive

Group

We also compared characteristics of the patients re-
garding infection in the immunosuppressive group (Ta-
ble 4). On the whole, 118 infectious episodes were noted
in 64 patients, with an infection rate of 0.20 per patient-
year. The median time interval between the diagnosis and
first infection was 3 months (IQR 1-11). Age and initial
proteinuria were higher, and albumin level at diagnosis
was lower in the patients who had at least one infectious
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Table 4. Comparisons of patients in the immunosuppressive group regarding infections

Parameter Infection (+), Infection (-), Rate of p value
n=64 n=90 infection
Age, mean+SD, years 47.7+13.9 42.3+14.6 - 0.022
Female/male, n, % 37,56.3%/27, 43.8% 37,42%/53, 58% - 0.059
eGFR-0, median (IQR), mL/min/1.73 m?2 80 (48-102) 82.1 (46.1-121.3) - 0.345
Proteinuria, median (IQR), g/day 5,861 (4,539-9,437) 5,046 (3,113-6,894) - 0.008
Serum albumin, median (IQR), g/dL 2.2 (1.7-3) 2.75(2.2-3.5) - 0.002
Serum IgG, median (IQR) (7.51-15.6 g/L) 6.2 (3.6-8.7) 7 (4.8-10.4) - 0.087
Cyclophosphamide, n, % 32,50 24,27.3 57% (32/56) 0.006
MMEF, n, % 11,17.2 9,10.2 55% (11/20) 0.232
Azathioprine, n, % 10, 15.6 13, 14.8 43% (10/23) 1
Cyclosporine, 1, % 25,30.9 22,25 53% (25/47) 0.76
Tacrolimus, 1, % 5,7.8 4,4.5 55% (5/9) 0.494
Rituximab, n, % 5,7.8 11, 12.5 31% (5/16) 0.429
Prophylactic drugs, #, % 24,37.5 28,31.8 - 0.492

SD, standard deviation; eGFR, estimated glomerular filtration rate; IQR, interquartile range; MMF, mycophenolate mofetil.

Table 5. Multivariate analysis results for the risk factors for infectious complications

Univariate Multivariate

Parameter p value odds ratio (95% CI) p value odds ratio (95% CI)
Age >50 years 0.006 2.139 (1.242-3.683) 0.03 2.195 (1.05-4.58)
Gender (reference: male) 0.182 1.438 (0.844-2.451) ns
Serum albumin <2.5, g/dL <0.0001 3.054 (1.756-5.321) 0.02 2.289 (1.09-4.77)
Serum IgG level, g/L 0.065 0.934 (0.870-1.004) ns
Proteinuria,

<1 g/day (reference) 0.047 - ns

1-3 g/day 0.706 1.306 (0.327-5.219)

>3 g/day 0.162 2.550 (0.686-9.479)

>10 g/day 0.064 4.0 (0.923-17.329)
Cyclophosphamide 0.004 2.708 (1.375-5.334) 0.02 2.430 (1.13-5.19)
Cyclosporine 0.060 1.952 (0.974-3.915) 0.03 2.301 (1.05-5.03)

CI, confidence interval; ns, not significant.

episode (infection+ group) than the patients without any
history of infection (infection— group). Initial eGFR was
the same between the groups. The median IgG level at
diagnosis tended to be lower in the infection+ group (6.2
vs. 7, p = 0.087); however, it was not statistically associ-
ated with infectious episodes. In all, 50% of the patients
in the infection+ group had received cyclophosphamide.
We checked all the infectious episodes in patients who
received an immunosuppressant agent separately, and
the rate of infections is presented in Table 4.
Interestingly, 24 of 52 patients who received a prophy-
lactic antimicrobial drug had experienced an infection.

62 Kidney Dis 2021;7:57-66
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All these patients received corticosteroids, 16 had cyclo-
phosphamide, 13 had cyclosporine, 5 had azathioprine, 4
had MMF, 4 had rituximab, and 3 had tacrolimus in var-
ious orders and treatment lines.

Risk Factors for Infectious Complications

To determine the independent risk factors for infec-
tious episodes, we conducted logistic regression analysis.
Gender (female), age, serum IgG, serum albumin, cyclo-
phosphamide, and cyclosporine were considered as risk
factors for the reason that their p values were <0.20 in the
univariate analysis. Multivariate regression analyses re-
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vealed that age >50 years, serum albumin <2.5 g/dL at
diagnosis, cyclophosphamide, and cyclosporine were in-
dependently associated with experiencing at least one in-
fectious episode (Table 5).

Discussion/Conclusion

This study revealed that almost half of the patients who
received immunosuppressive therapy experienced at
least one infectious episode, and infections were much
more frequent than in the patients who have been fol-
lowed up under conservative treatment. Infection-related
mortality and hospitalizations including ICU and emer-
gency department were also significantly higher with im-
munosuppressive treatments. The risk of infection inde-
pendently increased with age, hypoalbuminemia, and cy-
clophosphamide and cyclosporine treatments.

In McQuarrie et al.’s [14] study, there were infectious
episodes in 18% of the patients who had been treated with
alkylating agents, while there were none in patients treat-
ed with cyclosporine. Rauen et al. [5] and Lv et al. [15]
reported similarly high rates of severe infections among
the immunosuppressive group (8.1 vs. 9.8%), including 1
and 2 deaths, respectively, in their studies on patients
with IgA nephropathy. Duncan et al. [16] presented their
experiences with 6 patients who were treated with tacro-
limus monotherapy for FSGS. There was only one urinary
tract infection not requiring hospitalization [16]. Because
all of these studies were investigating a particular diagno-
sis and/or specific agents, comparing our data with them
was challenging.

In Trivin et al.’s [7] comprehensive study on 98 pa-
tients who received rituximab, the infection rate was 21.6
per 100 patient-year (25.5%). They included several diag-
noses requiring rituximab, such as cryoglobulinemia-as-
sociated nephropathy, MGN, SLE, and AAV. They found
a higher incidence of infections than other studies [17,
18], and they argued that it was related to underlying ne-
phritis, concomitant diseases (diabetes), medications
(azathioprine), and renal insufficiency (eGFR < 45 mL/
min/1.73 m?). However, they did not have a control group
to compare the results with.

In their unpublished study, Glenn et al. [19] found an
infection rate of 0.08 per person-year among 1,965 pa-
tients with primary glomerulonephritis, and they also dis-
cussed hospitalizations and emergency department visits
(10%) due to infection. In all, 9% of infections required
ICU admission. They found age, black race, and comor-
bidites to be risk factors for infection in their recent un-

Infectious Complications in Primary
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published study as well [20]. Still, they did not analyze the
outcome regarding immunosuppressive treatment.

On the whole, in our study, 34.7% of infectious events
were recorded, and 42.1% of the patients who had been
treated with an immunosuppressive dealed with infec-
tious complications. We found an infection rate of 0.20 in
the immunosuppressive group; 26.1% of the infectious
episodes ended with admission to hospital and 5.2% of
infections required ICU admission. Due to the heteroge-
neity of diagnosis and treatments and possible geograph-
ical differences regarding infectious agents, it is hard to
compare the rates of infection with other studies.

In most clinical trials regarding primary glomerulone-
phritis, serious infectious events are reported, instead of
every infectious episode. On the other hand, in some SLE
trials that report any infection, there were even higher
rates of infections [4]. One possible explanation for the
higher incidence of infectious complications in our study
might be that we recorded all documented infections re-
quiring antimicrobial treatment. However, it is impor-
tant to know about all possible infectious complications
for better patient care and healthcare utilization.

Since 1942, with the usage of antibiotics, death from
infection has decreased. However, with more intensive
immunosuppressive regimens and different effects of
them, in order to decrease the infectious complications,
screening for infections and using prophylactic antimi-
crobials came to the fore. In the latest KDIGO Clinical
Practice Guideline on Glomerulonephritis (Public Re-
view Draft) [21], it is recommended that prophylactic
TMP-SMX should be administered during periods of
high-dose prednisone therapy and advised with ritux-
imab. However, the role of prohpylaxis with TMP-SMX
in patients on high-dose corticosteroid therapy without
HIV infection remains controversial [22]. In our study,
33.8% of the patients received it; however, infection rates
were not different from those who did not receive it.

We found 14.9% CMYV replication and/or infection in
the immunosuppressive group, which is lower than the
data regarding CMV reactivation after renal transplanta-
tion in the developing part of the world [23, 24]. How-
ever, it is possible that our study underestimated it: CMV
DNA was checked in only 41% of the patients in the im-
munosuppressive group. Celebi et al. [11] reported CMV
DNA positivity with a clinical sign as 19.2% in their study
encompassing all glomerular diseases including SLE and
AAV. Across the world, the overall seroprevalence of
CMV ranges from 40 to 100% [25], and seropositivity for
CMYV was shown to be high (93.6%) in Turkey [10]. Be-
cause of local healthcare policies, it is not possible to give
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prophylactic antiviral treatment for CMV in glomerulo-
nephritis in Turkey. Allin all, our study raised an idea that
adoption of preemptive strategy might be judicious in
CMV replication, especially in high-risk patients with
primary glomerulonephritis in countries where CMV se-
roprevalence is high.

According to the KDIGO practice guideline on glo-
merulonephritis, patients with glomerulonephritis
should receive pneumococcal vaccination as well as the
annual influenza vaccination [12]. We could not give a
frequency regarding S. pneumoniae infections as our data
on the documention of responsible agent was not solid for
pneumonia. We were not able to find vaccination data,
which was a limitation for our study.

Hypogammaglobulinemia has been known to be a risk
factor for infections in nephrotic syndrome for a long
time. Additionally, there are limited data that show infec-
tion risk is reduced by i.v. immunoglobulin (IVIG) ad-
ministration if serum IgG is less than 6 g/L [26]. In our
study, even though the serum IgG level was found to be
lower in the infection+ group, it was not significant.
There were no patients who received i.v. immunoglobu-
lin. Nevertheless, IgG level came up as a candidate risk
factor for infection in univariate analysis. It was probable
that our study was not expansive enough to show this re-
lation due to the small number of patients.

It has been shown that lupus nephritis is associated
with higher healthcare utilization than normal controls.
Additionally, SLE patients with renal damage incurred
higher direct costs than those without nephritis [27, 28].
However, there is no existing data indicating high cost
or high rate of using healthcare regarding infections in
glomerulonephritis. In our study, we showed that hos-
pitalizations including emergency department visits and
ICU were higher in patients experiencing infectious ep-
isodes.

We found that severe hypoalbuminemia at diagnosis
was an independent risk factor for infection. It is hard to
specify a certain underlying mechanism for this finding.
It could be a risk factor by affecting the free fraction of the
drug interacting with the drug receptor [29]. With that
being said, Minatoguchi et al.’s [30] findings showed that
the serum albumin level was a significant risk factor for
infection-related in-hospital death among hemodialysis
patients.

In glomerulonephritis, immunosuppressive treatment
is occasionally used with steroids, and if the disease does
not remit, sequential treatments are needed. Comparison
of infections is confounded by simultaneous immuno-
suppressants. Cavallasca et al.’s [31] study in cyclophos-
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phamide-treated patients, 50% of whom had glomerulo-
nephritis, showed 15% infectious episodes. Additionally,
they showed that high cumulative glucocorticoid dose
was associated with infections [31]. Similarly, Celebi et al.
[11] demonstrated cyclophosphamide with corticoste-
roid treatment as an independent risk factor for CMV
disease development in their study. In an old review, they
presented that cyclosporine was not associated with in-
fections in the setting of autoimmune disease. Further-
more, in some studies with transplantation patients, in-
fection rate was even lower in patients receiving solely
cyclosporine than in patients who received azathioprine,
ATG, and/or corticosteroids [32]. In our study, although
we were not be able to calculate their cumulative doses,
cyclophosphamide and cyclosporine were used together
with corticosteroids in all patients. Additionally, cyclo-
sporine was frequently used as a second- or third-line
treatment. It is possible that a probable synergistic effect
of combination therapies on the immune system and cu-
mulative immunosuppression could be the determinants
why we found cyclophosphamide and cyclosporine as
risk factors for infection.

Lim etal. [33] described a risk stratification for decid-
ing antiviral prophylaxis for CMV replication in glo-
merular diseases treated with potent immunosuppres-
sants. Although the study did not have sufficient num-
ber of patients, they demonstrated that CMV disease
was more frequent in the group that did not receive pro-
phylaxis than in those given antiviral prophylaxis. How-
ever, they implicated that adverse events (40%) related
to antiviral drugs were a matter of concern. In the CAN-
VAS trial [34], 38 CMV seropositive AAV patients were
enrolled and randomized to 6 months of valaciclovir or
no anti-treatment. There was no CMV reactivation in
patients receiving valaciclovir, whereas reactivation was
detected in 4 (21%) control patients. Valaciclovir was
not found to be related to any adverse events in that re-
port. Because there are no certain recommendations for
giving antiviral prophylaxis or monitoring CMV PCR
levels in glomerulonephritis as in solid organ transplan-
tations, comprehensive studies are needed on this par-
ticular subject.

There are several limitations in our study. First, it has
aretrospective design and a relatively small sample size.
Second, our disease profile was heterogeneous regard-
ing either diagnosis or treatments. Third, we were not
able to record the cumulative dose of the treatments
and vaccination status of the patients. Additionally, not
all of the infectious episodes were concretized by cul-
tures.
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Nonetheless, we included all primary glomerulone-
phritis patients in our center with sufficient follow-up
time to the study; we recorded all infectious episodes with
hospitalization rate and duration and investigated risk
factors in our study. We think this detailed and compre-
hensive study might help manage primary glomerulone-
phritis.

In conclusion, infections after using immunosup-
pressive agents, especially with cyclophosphamide and/
or cyclosporine, must be considered as a strong reason
for poor patient outcome and increased usage of hospi-
tal sources. Because of the high seropositivity for CMV
in Turkey, it be might a wise approach to use prophy-
lactic antiviral drugs for those patients who were treat-
ed with immunosuppressive therapy. Close monitoring
of patients with primary glomerulonephritis, especially
those treated with immunosuppressive therapy, is im-
portant for reducing infection-related morbidity and
mortality.
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