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Objectives

e \What i1s known?
= Review the evidence

* \What can be done with what is known?
= Provide clinical practice recommendations

e \What needs to be known?
= Provide clinical research recommendations



Review of the Evidence

Main Topics Other Topics
« CKD and 5 chronic « CKD and acute infectious
infectious diseases (CID) of diseases
global importance — Pneumonia
— Sepsis

e Vaccination strategies in

CKD « CKD-T (transplant) and
Infectious disease

» Potential pitfalls of GFR

estimates in infectious « CKD and infectious disease
disease INn children



The CKD-CID Complex




The CKD-CID Complex




Original CKD Conceptual Framework:
CID = CKD

Complications

Kidney
- - Damage |:> I:> failure

Screening for CKD ~ CKD risk Diagnosis  Estimate progression, Replacement
risk factors reduction, & treatment, Treat complications, by dialysis
Screening for CKD  Treat comorbid Prepare for & transplant
conditions, replacement
Slow progression

Susceptibility Initiation Progression End-stage
factor factor factor factor

HIV, HCV, HBV




Conceptual Framework: CKD In the
Natural Course of CID

CKD can be present at any stage
during the course of CID
i> i> Disease i> =
manifestation ecovery

%
Chronic
State

Reactivation <:




Is CKD a Risk Multiplier for CID?




Stage-5 CKD-D and Infectious
Disease: What Have We Learned?

The Analogy with CVD!



Infection-related death rate

Infection 29 Leading Cause of Death
(15%0) In Dialysis Patients Following CVD
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Annual Mortality (%)

Sepsis-Related Mortality of Dialysis Patients
Compared with the General Population
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Pulmonary Infectious Mortality of Dialysis
Patients Compared with the General Population
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Susceptibility of Patients with
CKD to Infections

Virulence of
microorganisms

Impaired Host Immunity



Pathogenesis of Infections in CKD

Virulence of Dialysis-related Factors
microorganisms (for CKD-5-D)

- Neutrophil dysfunction

- Monocyte dysfunction ‘ Impa”’ed HOSt Immunlty

- Impaired T-cell activation

- Impaired humoral responses




1. Prevalence of CKD in CID

2. Association of CKD with CID-associated
adverse outcomes



Infections of Global Importance
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Proposed Framework: CKD as a
Risk/Prognostic Factor for Infectious Diseases

Infectious CKD prevalence CKD as arisk CKD as arisk
disease (ID) factor for ID factor for ID
morbidity mortality

HIV

HCV

HBV

Malaria

B




HIV and CKD


http://www.herpes-coldsores.com/std

HAART and Incidence of HIVAN: A

HIVAN incidence
(per 1000 person-years)

W
-
|

N
o
|

[N
-
I

o
|

12-Year Cohort Study

14
. 7
.
No Nucleoside Highly-active
antiretroviral analogue antiretroviral

therapy therapy therapy

Lucas GM et al: AIDS 18:541-6, 2004

A




CDC National Surveillance of Dialysis-
Assoclated Diseases, 1995-2002 U.S.
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Proteinuria/lncreased Serum Creatinine Iin

HIV-Infected Patients

 Markers of HIV-related kidney disease:
- HIVAN

- Ot
- Ne

ner HIV-related glomerular diseases

ohrotoxicity of HIV-related drugs

 Indicators of poor health status as a result of:
* Hypertension
* Diabetes mellitus
e Cardiovascular disease



Summary of

HIV-CKD Studies

Author

Study design | Sample size | Renal predictor | Outcome | Results (multivariate
variable variable analyses)
Lewden C | Multicenter 1155 HIV- Baseline and Mortality |e<Baseline HR 2.4 (1.3, 4.3)
(2002) prospective infected post-treatment 4-month HR 2.5 (1.0, 6.1)
cohort study | adults (4-month) sCr <
(France) normal (0.9
[male] or 0.8
[female] mg/dl)
Gardner LI | Prospective 885 HIV- Baseline renal Mortality | HR 2.5 (1.9, 3.3)
(2003) cohort study |[infected and |abnormalities:
(USA) 425 at-risk proteinuria (=
HIV negative | 2+) and/or sCr >
women 1.4 mg/dl
Gardner LI | Prospective 885 HIV- Baseline renal Condition |« Overall hospitalization
(2003) cohort study | infected abnormalities: -specific HR 1.5 (1.3, 1.8)
(USA) adults proteinuria (= hospitaliz | « Hosp. AIDS defining
women 2+) and/or sCr > | ations

1.4 mg/dl

illness HR 1.7 (1.1, 2.7)

e Hosp. renal conditions
HR 5.0 (2.3, 11.0)

* Hosp. hepatic conditions
HBR 1 Q/(1 1 92 Q)



Summary of HIV-CKD Studies

Author Study Sample size | Renal Outcome Results (multivariate
design predictor variables analyses)
variables
Szczech LA | Prospective | 2038 HIV- Proteinuria (> | new AIDS- | Pre-HAART ADI
ey cohort infected 1+ > 2 defining « Proteinuria HR 1.3 (1.1, 1.6)
study women visits) iliness (ADI) Post-HAART ADI
(USA) and death
Inverse sCr | | e o onq | UsCri HR 1.4 (1.0, 2.1)
decrease - Pre-HAART Death
widespread | e Proteinuria HR 1.3 (1.1, 1.8)
use of «1/sCrd HR 1.7 (1.1, 2.7)
el Post-HAART Death
e Proteinuria HR 2.2 (1.3, 3.7)
Levin A Prospective | 2629 HIV- eGFR (MDRD | Mortality e eGFR < 60 ml/min/1.73 m?
(2006) cohort infected 4-variable HR 1.65 (1.01, 2.71)
g@i?ract] study adults equation) <
(Canada) initiating 60
antiretorviral | ml/min/1.73
therapy m?2




Proposed Framework: CKD as a
Risk/Prognostic Factor for Infectious Diseases

Infectious CKD prevalence CKD as arisk CKD as arisk
disease (ID) factor for ID factor for ID
morbidity mortality
HIV HIVAN = 2-10% (likely on decline in countries ++ ++++
with access to HAART) AIDS defining
Proteinuria (= 1-2+) = 14.1-17.8% (female) iliness
sCr > 1.4 mg/dl = 5.3% (female) Hospitalization

eGFR < 60 ml/min/1.73 m2 = 3%




Guidelines for Management of
CKD in HIV/AIDS

Published Guidelines for the Management of
Chronic Kidney Disease in HIV-Infected
Patients

HIV Medicine Association of the Infectious
Diseases Society of America (IDSA)

15 members: 7 nephrologists, 8 infectious
disease specialists

Guidelines adopt KDOQI Guidelines to
estimate kidney function

Clinical Infectious Disease 40:1559-85, 2005



HBV, HCV and CKD
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Association between HCV Seropositivity and
Albuminuria: NHANES 111 (N = 15,029)

No association with low eGFR (< 60 ml/min/1.73 m?)
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HBV, HCV, and Proteinuria (= 1+)
in Southern Taiwan (n = 9,934)
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Multivariate Analyses of Variables
Assoclated with Proteinuria

9,934 subjects

Variables® R Povalue

Diabetes (+) <(1.0K1]

. <(1,001]
BMI (kg m ~ 1.055=1.10)1 <(1.0K) ]
Age (year) 1.000-1.028 0.044

Triglycerides (me dL ") 1.002 1.001=1.002 <{1L{K}]

OR, odds ratio; CI, conlidence interval, *Variables included: age,
sex, body mass index (BMI), alanine aminotransferase (ALT) level,
total cholesterol level, triglyceride level, presence of diabetes,
presence of hypertension, presence of antibodies to hepatitis C
virus (anti-HCV), seropositive for hepatitis B surlace antigen
(HBsAg). For the continuous variables, OR represents one unit
increase in the value of the variable tested.

8,696 nondiabetic subjects

Variables® R 0 3%, ( Povalue

Hypertension (+) S63 . 2.397 < (0]
Anti-HCV (#) Bd7 332=2.56k < (.01
BMI (kg m ™) A57-1.11#6 ST
Triglycerides (mg dL Y A0 1.001=1.002 <1001

OR, odds ratio; CL confidence interval. *Variables included: age,
sex, body mass index (BMI), alanine aminotransferase (ALT) level,
Lotal cholesterol level, riglyeeride level, fasting plasma glucose
level, presence of hypertension, presence of antibodiss to hepalitis
C vires (anti-HOV), seropositive [or hepatitis B surlace antigen
(HBsAg). For the continuous variables, OR represents one unit
increase in the value of the variable tested.

Huang JF et al: J Intern Med 260:255-62, 2006



HBYV Pretreatment Characteristics and
6-Month Mortality (N = 154)

Predictor variable HR (95% CI)

Univariate analysis  Multivariate analysis

Creatinine (mg/dl) 3.54 (2.03, 6.18) 5.23 (2.84, 9.63)
Albumin 0.27 (0.14, 0.52)
Total bilirubin (mg/dl)  1.56 (1.35, 1.81) 1.69 (1.43, 1.99)

HBV DNA positivity ~ 5.16 (1.21,21.93)  6.13 (1.41, 26.76)

Fontana JF et al: Gastroenterology 123:719-727, 2002



Proposed Framework for CKD as
Risk Factor for Infectious Diseases

Infectious CKD prevalence CKD as arisk CKD as a
disease (ID) factor for ID risk factor
morbidity for mortality
HIV HIVAN = 2-10% (likely on decline in countries with ++ ++++
access to HAART)
Proteinuria (= 1-2+) = 14.1-17.8% (female)
sCr > 1.4 mg/dl = 5.3% (female)
eGFR < 60 mI/min/1.73 m2 = 3%
HCV HCV Ab(+): proteinuria (= 1+) = 10.2% ? ?
eGFR < 60 ml/min/1.73 m? = 2.0% (95% CI 1.1, 3.6%)
HBV HBS Ag(+): proteinuria (= 1+) = 6.4% ? +




Reported Malarial Nephropathies
In Endemic Areas

« Acute malarial nephropathy:
— Plasmodium falciparum

— Southeast Asia, India, and sub-Saharan
Africa

— Incidence:
Native patients in endemic areas: 1-5%
Non-immune Europeans: 25-30%
» Chronic malarial nephropathy:
— Plasmodium malaria and P. Vivax
— African children
— Chronic glomerulopathy

P. Malariae

Barsoum RS: J Am Soc Nephrol 11: 2147-2154, 2000



TB and Chronic Kidney Disease

e /- to 53-fold increased risk of TB In stage-5 CKD
compared to the general population

* High incidence of extra-pulmonary disease
* High prevalence of anergy to tuberculin skin test

» Two-step tuberculin skin testing (booster
phenomenon)

 Annual screening in dialysis units (stage-5
CKD-D)

Hussein MM et al: Semin Dial 16:38-44, 2003
Dogan E et al: Ren Fail 27:425-8, 2005



CDC National Surveillance of Dialysis-
Assoclated Diseases, 1995-1997 U.S.
- Active Tuberculosis -
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Tokars Jl et al: Seminars in Dialysis 13:75-85, 2000



Prevalence of Tuberculin Sensitivity and
Anergy In Stage-5 CKD In an Endemic Area

Prevalence of Prevalence of
Tuberculin Sensitivity Anergy
100 100
~ =z * P < 0.001
80 - 80 -
< 66% <
5 60 " g 601 %
o 44% 2 44%
c c
2 40 2 40 A
© <
> >
— <
T 20 “ 20 16%
ESRD patients age- and sex- ESRD patients age- and sex-
N = 108 matched healthy matched healthy
controls controls

N =100
Shankar MS et al: Nephrol Dial Transplant 20:2720-4, 2005



Cumulative Prevalence of a Positive
Tuberculin Skin Test iIn Hemodialysis Patients
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Wauters A et al: Nephrol Dial
Booster injection administered at a 7-day interval Transplant 19:433-8, 2004



Proposed Framework for CKD as
Risk Factor for Infectious Diseases

Infectious CKD prevalence CKD as arisk | CKD as arisk
disease (ID) factor for ID factor for ID
morbidity mortality
HIV HIVAN = 2-10% (likely on decline in countries with ++ ++++
access to HAART)
Proteinuria (= 1-2+) = 14.1-17.8% (female)
sCr > 1.4 mg/dl = 5.3% (female)
eGFR < 60 mI/min/1.73 m2 = 3%
HCV HCV Ab(+): proteinuria = 10.2% ? ?
eGFR < 60 mlI/min/1.73 m? = 2% (95% Cl 1.1, 3.6%)
HBV HBS Ag(+): proteinuria = 6.4% ? +
Malaria ? ? ?
B CKD-5-D point prevalent active TB = 6.8% ? ?




What About VVaccination in CKD?

Guidelines for Vaccinating

Kidney Dialysis Patients and
Patients with Chronic
Kidney Disease

summarized from
Recommendations of the Advisory Committee on
Immunization Practices (ACIP)



http://www.ask.co.uk/pic.asp?iurl=http%3A%2F%2Fwww%2Esd281%2Ek12%2Eid%2Eus%2Fschools%2FLena%2Fdisease%2FImmune%2520folder%2Fwhite%5Fblood%5Fcell%2Egif&purl=http%3A%2F%2Fwww%2Esd281%2Ek12%2Eid%2Eus%2Fschools%2FLena%2Fdisease%2FImmune%2520folder%2Fimmune%5Fhome%5Fpage%2Ehtm&turl=http%3A%2F%2Fimages%2Epicsearch%2Ecom%2Fis%3F980101942921&fn=i&w=128&h=69&q=Picture+Of+White+Blood+Cell&qid=ADE2CC4D6DCE904EAFA0F2174DD379FE&sp=i&b=0&fo=1&r=16&io=1&fp=1&p=2&s=0

CDC Vaccination Recommendations
for Patients with CKD

Vaccine Recommended I"u"la_y Use ,"( ntraindicated
Otherwise Indicated

DTaP/Tdap/Td ] X"

Influenza (TIV)

Influenza (LAIV)

patients with chronic renal disease.

TChildren with prim'an.- i||||||unnd~fici9|1{'.-,- di 'nrdur :md L:oth r:hiln:lrwn .:lﬂd adults who have

0 far pr snged perlod“ [ Frn.nntmn m
Rotavirus Gastroenteritis Among IannL :md hildren: Recommendations of the Advisory
Committee on Immunization Practices” Unpublished]




Decreased Responses to VVaccination
In Patients with Stage-5 CKD

e Protective antibody levels not easily achieved
— Impaired macrophage function
—4 T-cell activation and proliferation
—4 B-cell count and 1gG production

» Protective antibody levels fall rapidly



Doses and Schedules of Hepatitis B
Vaccines for Patients with CKD

Recombivax HB
| Dose | Volume | Schedule | Dose | Volume | Schedule

=20 vears of age: _ A dosesat ), 1, 3 doses at 0, 1,
e - 10 pe 1.0 mL p 1.0 mL L
Predialysis® & 6 months & 6 months

Two 1.0
mlL doses

Message =20 years of age: i 3 doses at 0, 1, 4 doses at (0, 1,

lost in

translation o _ 3 dosesat 0, 1, 10 ue 0.5 ml 3 doses at 0, 1,
2 2 HE & 6 months Y HE T & 6 months

Immunogenicity might depend on degree of renal insufficiency.

T Special tormulation,
Doses for all persans 11'__-1&1.1 <M) VEArs approy ed h:.-' the U.S. Food and El't'll_l_._- Administration. For hdl'r‘ll.‘u_|l-'.-l]':,':;i:-_; [_‘I-:I‘l‘ir':f'l'h,
hizher doses maght be more immunogenic

Dialysis-dependent & 6 months it ] . 2, & 6 months
- at one site

Adapted from CDC. Recommendations for Preventing Transmission of Infections Among
Chronic Hemodialysis Patients. MMWR 2001; 50 (No. RR-5):Table 3



Immunogenicity of Hepatitis B
Vaccine Declines with Age and CKD
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Antibody Response to Engerix-B and Recombivax-HB
Vaccination in Stage-5 CKD-D (N = 14,456)

100 - 100 ~
P <0.0001 P <0.0001
0
. A80 | © . 30 7%
2 8 5 ¢
o 0 3
O 560 A °5% S T 60 - 53%
s % =
= 40% £
£ £ o
= 8_) L
© 2- 20 1
0 _ I O _ I
Engerix-B (4 Recombivax HB Engerix-B (4 Recombivax HB
doses) (3 doses) doses) (3 doses)
Odds ratio for antibody response to Engerix (vs. Recombivax) = 1.96 (95% CI 1.56, Lacson E et al: Hemodial Int

2.45) adjusted for age, gender, race, diabetes, vintage, BSA, hemoglobin, and eKt/V 9:367-75, 200t



Pneumococcal Vaccine: Antibody
Response in Dialysis Patients

Antibody Titer (ng/ml)

1000

*P <0.01vs. 2years
800 -

600 -
400 -

200 -

O_

After 1st Dose 2 Years Repeat Dose

Pneumovax Administration

Linnemann CC et al: Arch Int Med 146:1554-6, 1986



Influenza Vaccination Rates in CKD-5-D
are Below U.S. National Objectives

100% 90%

80% -

60% 60%
60% 4  49%
39%
40% - 0%
20%
O% B I I ]
HD PD Whites Non 2000 2010
Whites  Objective Objective
Dialysis Patients General Population

MMWR 50:532-37, 2001
Gilbertson DT et al: Kidnev Int 63:738-743 2003



Odds of Hospitalization and Death are
Lower among Vaccinated Dialysis Patients

1.2
1.1
1 -
0.9 - 0.84
0.8 - O 75 0.75
0.7 - I L
0.6 - | |
Any Influenza Any Cardiac Infection
Cause Cause
Hospitalization Death

Gilbertson DT et al: Kidney Int 63:738-743, 2003



What About Other Vaccines?

e Other vaccines such as diphteria, tetanus,
polio (DTP) and are not well studied in CKD

 The usual schedule 1s recommended If
Indicated

 Protection is likely to be suboptimal as with
other vaccines

Kausz AT & Gilbertson DT: Advances in Chronic Kidney Disease 13:209-214, 2006
Dinits-Pensy M et al: Am J Kidney Dise 46:997-1011, 2005



Workgroup Tasks: Clinical and
Research Recommendations

e Should we screen for CKD In chronic infectious diseases
(HBV, HCV, and HIV)?

e Should we vaccinate in earlier stages of CKD (e.g. stage 4)?

« Do we need better tools to estimate kidney function
In chronic infectious diseases (HBV, HCV, and HIV)?
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