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Abstract
Objectives—To investigate the incidence of selected opportunistic infections (OIs) and cancers
and the role of a history of tuberculosis (TB) as a risk factor for developing these conditions in
HIV-infected patients starting antiretroviral treatment (ART) in Southern Africa.

Methods—Five ART programs from Zimbabwe, Zambia and South Africa participated.
Outcomes were extrapulmonary cryptococcal disease (CM), pneumonia due to Pneumocystis
jirovecii (PCP), Kaposi’s sarcoma and Non-Hodgkin lymphoma. A history of TB was defined as a
TB diagnosis before or at the start of ART. We used Cox models adjusted for age, sex, CD4 cell
count at ART start and treatment site, presenting results as adjusted hazard ratios (aHR) with 95%
confidence intervals (CI).

Results—We analyzed data from 175,212 patients enrolled between 2000–2010 and identified
702 patients with incident CM (including 205 with a TB history) and 487 with incident PCP
(including 179 with a TB history). The incidence per 100 person-years over the first year of ART
was 0.48 (95% CI 0.44–0.52) for CM, 0.35 (95% CI 0.32–0.38) for PCP, 0.31 (95% CI 0.29–0.35)
for Kaposi’s sarcoma and 0.02 (95% CI 0.01–0.03) for Non-Hodgkin lymphoma. A history of TB
was associated with cryptococcal disease (aHR 1.28, 95% CI 1.05–1.55) and Pneumocystis
jirovecii pneumonia (aHR 1.61, 95% CI 1.27–2.04), but not with Non-Hodgkin lymphoma (aHR
1.09, 95% CI 0.45–2.65) or Kaposi’s sarcoma (aHR 1.02, 95% CI 0.81–1.27).

Conclusions—Our study suggests that there may be interactions between different OIs in HIV-
infected patients.
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INTRODUCTION
HIV-infected patients are at high risk for opportunistic infections (OIs) such as tuberculosis
(TB), cryptococcal meningitis (CM) and Pneumocystis jirovecii pneumonia (PCP) (Corbett
et al. 2002; Holmes et al. 2003). In many resource-constrained settings TB is the most
common AIDS-defining illness, and TB and CM are leading causes of mortality in patients
initiating antiretroviral treatment (ART) in Africa (Lawn et al. 2008; Park et al. 2009).

There may be important interactions between different HIV-associated opportunistic
infections (Corbett et al. 1999,2002; Havlir & Barnes 1999; Holmes et al. 2003; Jarvis et al.
2010). HIV replication is influenced by co-infections with M. tuberculosis and other
opportunistic pathogens due to infection-induced activation of immune cells which favors
viral replication (Lawn 2004). Furthermore, TB patients often suffer from impaired
pulmonary function after successful treatment of TB (Ehrlich et al. 2011; Pasipanodya et al.
2007; van Zyl Smit et al. 2010). It is possible that such damage facilitates entry of
environmental pathogens and their dissemination in the human body leading to opportunistic
infections (Corbett et al. 2002; Jarvis et al. 2010; Park et al. 2009).

We analyzed a large collaborative dataset of more than 175,000 HIV-infected patients on
ART from five treatment programs in Southern Africa to study the incidence of respiratory
and non-respiratory OIs and the importance of a history of TB.

METHODS
We analyzed data from patients enrolled from January 1, 2000 until May 1, 2011 in five
ART programs participating in the International epidemiologic Databases to Evaluate AIDS
in Southern Africa (IeDEA-SA, see www.iedea-sa.org) collaboration in Zimbabwe
(Newlands Clinic, Harare), Zambia (Center for Infectious Disease Research, CIDRZ,
Lusaka) and South Africa (Khayelitsha, Tygerberg and Themba Lethu ART programs)
(Egger et al. 2011). IeDEA-SA is part of the IeDEA network, which includes similar
networks in other regions of Africa, Latin America and the Caribbean, Asia and North
America (see www.iedea.org). Data are collected at each site as part of routine monitoring at
program enrollment and each follow-up visit. All study sites have local institutional review
board or ethics committee approval to collect data and participate in IeDEA-SA. We did not
perform any sample calculations but included all adult patients (≥ 16 years) recorded in the
IeDEA-SA database with a known ART start date from sites that systematically recorded OI
episodes. The selection of eligible patients is shown in Supplementary Figure 1 (online-
only).

We examined the importance of TB as a risk factor for the clinically well-defined diseases
CM, PCP, Non-Hodgkin lymphoma and Kaposi’s sarcoma, based on the diagnostic criteria
used in the treatment programs. TB episodes included pulmonary and extrapulmonary
episodes; CM episodes were defined as extrapulmonary cryptococcal disease and PCP as
pneumonia due to P. jirovecii as coded by the sites. History of TB was defined as a
diagnosis before or at start of ART.

We measured follow-up time from the start of ART to the earliest of either onset of an
eligible OI, death or last follow-up visit. Data were analyzed using Cox models adjusted for
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age, sex, CD4 cell count at ART initiation, and treatment site to control for between-
program variations. Because the exposure variable of interest (a history of TB) is also a
stage defining illness (e.g. pulmonary TB is a WHO stage III disease), we did not adjust for
WHO clinical stage: inclusion of WHO stage would have biased the estimate for history of
TB. In addition, clinical stages are not consistently reported across programs. Incidence was
calculated per 100 person-years over the first year of ART. Results are presented as medians
with interquartile ranges (IQR) and crude hazard ratios (HR) and adjusted hazard ratios
(aHR) with 95% confidence intervals (95% CI). All analyses were performed in Stata
version 11.2 (Stata Corporation, College Station, TX, USA).

RESULTS
We included 175,212 patients with 320,459 person-years of follow-up. The largest program
contributing data was CIDRZ (n=146,859), followed by Themba Lethu (n=15,356),
Khayelitsha (n=8,173), Tygerberg (n=2,602), and Newlands (n=2,222). 108,521 patients
(61.9%) were females. Median age at ART start was 35 years (interquartile range [IQR])
29.8–41.6) and median CD4 cell count 131 cells/μL (IQR 64–205 cells/μL) (Supplementary
Table 1). Overall, 52,062 patients (31.1%) were lost to follow-up, 1,639 (0.9%) transferred-
out, and 14,409 (8.2%) died. A total of 34,460 patients (19.7%) had a history of TB; 16,951
(49.2%) of TB episodes were diagnosed at ART start, 6,315 (18.3%) occurred within 2 years
prior to ART start and 11,194 (32.5%) episodes were diagnosed more than 2 years before
the start of ART.

There were 702 patients with incident CM occurring at or after ART initiation (including
205 with a history of TB), 487 with incident PCP (including 179 with a history of TB), 633
with incident Kaposi’s sarcoma (including 139 with a history of TB), and 40 patients with
an incident Non-Hodgkin lymphoma (including 8 with a history of TB) (Table 1). The
incidence of CM over the first year of ART was 0.48 per 100 person-years (95% CI 0.44–
0.52), PCP incidence during the same period was 0.35 (95% CI 0.32–0.38), Kaposi’s
sarcoma incidence 0.31 (95% CI 0.29–0.35), and Non-Hodgkin lymphoma incidence 0.02
per 100 person-years (95% CI 0.01–0.03).

A history of any TB was associated with CM (aHR 1.28, 95% CI 1.05–1.55) and PCP (aHR
1.61, 95% CI 1.27–2.04). In contrast, a history of TB was not associated with Non-Hodgkin
Lymphoma (aHR 1.09, 95% CI 0.45–2.65) or Kaposi’s sarcoma (aHR 1.02, 95% CI 0.81–
1.27). Additional analyses showed that a history of extrapulmonary TB was more strongly
associated with CM than either a history of any TB or a history of pulmonary TB
(Supplementary Table 2, online-only). When excluding patients from the largest ART
program, a history of any TB remained associated with incident CM (aHR 1.40, 95% CI
1.03–1.91) and incident PCP (aHR 1.49, 95% CI 1.03–2.17). Low CD4 cell counts were also
a risk factor for CM and PCP (Supplementary Table 2). TB was the most frequent OI with
an incidence of 2.19 (95% CI 2.11–2.28) cases per 100 person-years over the first year after
ART start.

DISCUSSION
We analyzed a large collaborative dataset of HIV-infected patients starting ART in five
large treatment programs in Southern Africa. We found that a history of TB was associated
with both a respiratory and a non-respiratory OI but not with AIDS-defining cancers.

After successful treatment of TB many patients have functional lung impairment and
complications such as bronchiectasis, emphysematous changes, and fibrotic bands (Ehrlich
et al. 2011; Pasipanodya et al. 2007). A study on cryptococcal disease from a cohort in Cape
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Town, South Africa, suggested that a history of TB may be an independent risk factor for
subsequent development of CM, based on 707 patients, of whom 13 developed a CM
episode (Jarvis et al. 2010). Post-TB lung damage may facilitate entry of the ubiquitously
found fungus C. neoformans into the blood system and its dissemination. The same may also
be true for PCP caused by the fungus P. jirovecii, which is also found in the environment
(Morris et al. 2002). PCP has previously been shown to be associated with tobacco use in
HIV-infected patients (Miguez-Burbano et al. 2005), indicating an association with
smoking-induced impaired lung function. Interestingly, we also found that for CM the
association was stronger in patients with extrapulmonary TB. These patients are frequently
severely ill with disseminated disease complicated by acute respiratory distress syndromes
in the lungs (Penner et al. 1995).

Alternatively, the observed association could reflect that patients with more advanced
disease (e.g. with a history of extrapulmonary TB) are at a higher risk for subsequently
developing another OI episode (Corbett et al. 2002; Holmes et al. 2003). A history of TB
could thus be a marker for more advanced disease. Adaptive immunity to M. tuberculosis in
humans mainly depends on CD4 T cells and the mediators interferon-γ and tumour necrosis
factor (Ernst 2012). TB infection causes immune activation which is associated with disease
progression in HIV-infected patients (Lancioni et al. 2011; Shafer and Edlin 1996; Wallis et
al. 1993) and may lead to reduced immune cell function and immune regulation. Studies
from South Africa however failed to show a worse immunological outcome among patients
with TB (Boulle et al. 2010; Lawn et al. 2006).

A history of TB was not associated with AIDS-defining cancers in our study. This is
reassuring, indicating that the associations found with CM and PCP may be real, and not
only due to confounding by clinical stage, due to residual confounding by
immunodeficiency, or due to closer follow-up and more complete ascertainment of OIs in
patients with a history of TB. However, we stress that other factors not measured in our
study could nevertheless explain the observed association between a history of TB and other
OIs. For example, conditions such as silicosis or immunological deficits independent of
CD4 cell counts could increase the risk of both TB and other OIs (Corbett et al. 1999, 2002;
Jarvis et al. 2010).

Our study is limited by the potential under-ascertainment of OIs, particularly prior to ART
start; due to lack of laboratory capacities or high costs for tests in some of the HIV treatment
programs. Indeed, the incidence for OIs reported in this study was lower compared to other
studies (Brinkhof et al. 2007; Corbett et al. 2002; Fenner et al. 2011), but as previously
reported the incidence for TB was higher compared to CM or PCP. In addition, our results
might have been influenced by the heterogeneous nature of the ART programs from three
different countries, and the lack of uniform case definitions and ascertainment of diagnosis
(Fenner et al. 2011). Finally, our analysis of observational data may be influenced by
residual confounding and survival bias as the most severely ill patients may die before ART
can be initiated. However, we adjusted our analyses for the most important confounding
factors, and we were interested in ratio measures, rather than absolute differences.

In conclusion, our results suggest a role for interactions between different OIs in HIV-
infected patients. A history of TB may be a marker for more severe disease and a worse
immune recovery after ART start. It also highlights the significance of post-TB lung disease,
which has received increasing attention over the past few years (Ehrlich et al. 2011; van Zyl
Smit et al. 2010), and its potential role as a cofactor for OIs. Further research is needed to
study the interactions between TB and other respiratory and non-respiratory OIs in HIV-
infected patients, with a focus on the mechanisms that underlie the interactions between OIs
and its impact on the immune recovery after starting ART.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
We thank all patients whose data were used in this study. We also would like to thank all who contributed to
recording and entering data as well as preparing and sending it to the IeDEA Southern Africa collaboration.

IeDEA-SA participating sites: Anna Coutsoudis, PMTCT Plus, Durban, South Africa; Diana Dickinson, Gaborone
Independent Hospital, Gaborone, Botswana; Brian Eley, Red Cross Children’s Hospital, Cape Town, South Africa;
Lara Fairall, Free State provincial ARV roll-out, South Africa; Tendani Gaolathe, Princess Marina Hospital,
Gaborone, Botswana; Janet Giddy, McCord Hospital, Durban, South Africa; Christopher J Hoffmann, Aurum
Institute, Johannesburg, South Africa; Timothy Meade, CorpMed Clinic, Lusaka, Zambia; Patrick MacPhail,
Themba Lethu Clinic, Helen Joseph Hospital, Johannesburg, South Africa; Lerato Mohapi, Perinatal HIV Research
Unit, Johannesburg, South Africa; Margaret Pascoe, Newlands Clinic, Harare, Zimbabwe; Hans Prozesky,
Tygerberg Academic Hospital, Cape Town, South Africa; Harry Moultrie, Enhancing Children’s HIV Outcomes
(Harriet Shezi Children’s Clinic, Chris Hani Baragwanath Hospital, Soweto); Karl Technau, University of
Witwatersrand Paediatric HIV Clinics (Empilweni Clinic, Rahima Moosa Mother and Child Hospital,
Johannesburg, South Africa; Gilles van Cutsem, Khayelitsha ART Programme and Médecins sans Frontières, Cape
Town, South Africa; Paula Vaz, Paediatric Day Hospital, Maputo, Mozambique; Ralf Weigel, Lighthouse Clinic,
Lilongwe, Malawi; Robin Wood, Gugulethu and Masiphumelele ART Programmes, Cape Town, South Africa.

This work was supported by the National Institute of Allergy and Infectious Diseases. MPF was supported by the
National Institute of Allergy and Infectious Diseases. The opinions expressed herein are those of the authors and do
not necessarily reflect the views of National Institutes of Health or National Institute of Allergy and Infectious
Diseases. The funder had no role in study design, data collection and analysis, decision to publish, or preparation of
the manuscript.

References
Boulle A, van CG, Hilderbrand K, Cragg C, Abrahams M, Mathee S, Ford N, Knight L, Osler M,

Myers J, Goemaere E, Coetzee D, Maartens G. Seven-year experience of a primary care
antiretroviral treatment programme in Khayelitsha, South Africa. AIDS. 2010; 24(4):563–572.
[PubMed: 20057311]

Brinkhof MW, Egger M, Boulle A, May M, Hosseinipour M, Sprinz E, Braitstein P, Dabis F, Reiss P,
Bangsberg DR, Rickenbach M, Miro JM, Myer L, Mocroft A, Nash D, Keiser O, Pascoe M, Van
der BS, Schechter M. Tuberculosis after initiation of antiretroviral therapy in low-income and high-
income countries. Clin Infect Dis. 2007; 45(11):1518–1521. [PubMed: 17990236]

Corbett EL, Blumberg L, Churchyard GJ, Moloi N, Mallory K, Clayton T, Williams BC, Chaisson RE,
Hayes RJ, De Cock KM. Nontuberculous mycobacteria. Defining disease in a prospective cohort of
South African miners. Am J Respir Crit Care Med. 1999; 160:15–21. [PubMed: 10390374]

Corbett EL, Churchyard GJ, Charalambos S, Samb B, Moloi V, Clayton TC, Grant AD, Murray J,
Hayes RJ, De Cock KM. Morbidity and mortality in South African gold miners: impact of untreated
disease due to human immunodeficiency virus. Clin Infect Dis. 2002; 34(9):1251–1258. [PubMed:
11941552]

Egger M, Ekouevi DK, Williams C, Lyamuya RE, Mukumbi H, Braitstein P, Hartwell T, Graber C,
Chi BH, Boulle A, Dabis F, Wools-Kaloustian K. Cohort Profile: The international epidemiological
databases to evaluate AIDS (IeDEA) in sub-Saharan Africa. Int J Epidemiol. 2011

Ehrlich RI, Adams S, Baatjies R, Jeebhay MF. Chronic airflow obstruction and respiratory symptoms
following tuberculosis: a review of South African studies. Int J Tuberc Lung Dis. 2011; 15:886–
891. [PubMed: 21477424]

Ernst JD. The immunological life cycle of tuberculosis. Nat Rev Immunol. 2012; 12(8):581–591.
[PubMed: 22790178]

Fenner L, Forster M, Boulle A, Phiri S, Braitstein P, Lewden C, Schechter M, Kumarasamy N, Pascoe
M, Sprinz E, Bangsberg DR, Sow PS, Dickinson D, Fox MP, McIntyre J, Khongphatthanayothin M,
Dabis F, Brinkhof MWG, Wood R, Egger M. Tuberculosis in HIV programmes in lower-income
countries: practices and risk factors. Int J Tuberc Lung Dis. 2011; 15:620–627. [PubMed:
21756512]

Fenner et al. Page 5

Trop Med Int Health. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Flynn RJ, Mannion C, Golden O, Hacariz O, Mulcahy G. Experimental Fasciola hepatica infection
alters responses to tests used for diagnosis of bovine tuberculosis. Infect Immun. 2007; 75(3):1373–
1381. [PubMed: 17194810]

Havlir DV, Barnes PF. Tuberculosis in patients with human immunodeficiency virus infection. N Engl
J Med. 1999; 340:367–373. [PubMed: 9929528]

Holmes CB, Losina E, Walensky RP, Yazdanpanah Y, Freedberg KA. Review of human
immunodeficiency virus type 1-related opportunistic infections in sub-Saharan Africa. Clin Infect
Dis. 2003; 36(5):652–662. [PubMed: 12594648]

Jarvis JN, Harrison TS, Corbett EL, Wood R, Lawn SD. Is HIV-associated tuberculosis a risk factor
for the development of cryptococcal disease? AIDS. 2010; 24(4):612–614. [PubMed: 19952711]

Lancioni CL, Mahan CS, Johnson DF, Walusimbi M, Chervenak KA, Nalukwago S, Charlebois E,
Havlir D, Mayanja-Kizza H, Whalen CC, Boom WH. Effects of antiretroviral therapy on immune
function of HIV-infected adults with pulmonary tuberculosis and CD4+ >350 cells/mm3. J Infect
Dis. 2011; 203(7):992–1001. [PubMed: 21402550]

Lawn SD. AIDS in Africa: the impact of coinfections on the pathogenesis of HIV-1 infection. J Infect.
2004; 48(1):1–12. [PubMed: 14667787]

Lawn SD, Harries AD, Anglaret X, Myer L, Wood R. Early mortality among adults accessing
antiretroviral treatment programmes in sub-Saharan Africa. AIDS. 2008; 22(15):1897–1908.
[PubMed: 18784453]

Lawn SD, Myer L, Bekker LG, Wood R. Burden of tuberculosis in an antiretroviral treatment
programme in sub-Saharan Africa: impact on treatment outcomes and implications for tuberculosis
control. AIDS. 2006; 20(12):1605–1612. [PubMed: 16868441]

Miguez-Burbano MJ, Ashkin D, Rodriguez A, Duncan R, Pitchenik A, Quintero N, Flores M, Shor-
Posner G. Increased risk of Pneumocystis carinii and community-acquired pneumonia with
tobacco use in HIV disease. Int J Infect Dis. 2005; 9(4):208–217. [PubMed: 15916913]

Morris A, Beard CB, Huang L. Update on the epidemiology and transmission of Pneumocystis carinii.
Microbes Infect. 2002; 4(1):95–103. [PubMed: 11825780]

Park BJ, Wannemuehler KA, Marston BJ, Govender N, Pappas PG, Chiller TM. Estimation of the
current global burden of cryptococcal meningitis among persons living with HIV/AIDS. AIDS.
2009; 23 (4):525–530. [PubMed: 19182676]

Pasipanodya JG, Miller TL, Vecino M, Munguia G, Garmon R, Bae S, Drewyer G, Weis SE.
Pulmonary impairment after tuberculosis. Chest. 2007; 131:1817–1824. [PubMed: 17400690]

Penner C, Roberts D, Kunimoto D, Manfreda J, Long R. Tuberculosis as a primary cause of
respiratory failure requiring mechanical ventilation. Am J Respir Crit Care Med. 1995; 151(3 Pt
1):867–872. [PubMed: 7881684]

Shafer RW, Edlin BR. Tuberculosis in patients infected with human immunodeficiency virus:
perspective on the past decade. Clin Infect Dis. 1996; 22(4):683–704. [PubMed: 8729208]

van Zyl Smit RN, Pai M, Yew WW, Leung CC, Zumla A, Bateman ED, Dheda K. Global lung health:
the colliding epidemics of tuberculosis, tobacco smoking, HIV and COPD (Perspective). Eur
Respir J. 2010; 35:27–33. [PubMed: 20044459]

Wallis RS, Vjecha M, Amir-Tahmasseb M, Okwera A, Byekwaso F, Nyole S, Kabengera S, Mugerwa
RD, Ellner JJ. Influence of tuberculosis on human immunodeficiency virus (HIV-1): enhanced
cytokine expression and elevated beta 2-microglobulin in HIV-1-associated tuberculosis. J Infect
Dis. 1993; 167(1):43–48. [PubMed: 8418182]

Fenner et al. Page 6

Trop Med Int Health. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fenner et al. Page 7

Ta
bl

e 
1

H
az

ar
d 

ra
tio

s 
fo

r 
de

ve
lo

pi
ng

 A
ID

S-
de

fi
ni

ng
 o

pp
or

tu
ni

st
ic

 in
fe

ct
io

ns
 a

nd
 c

an
ce

rs
 a

ft
er

 s
ta

rt
in

g 
an

tir
et

ro
vi

ra
l t

re
at

m
en

t (
A

R
T

) 
in

 1
75

,2
12

 H
IV

-i
nf

ec
te

d
pa

tie
nt

s.

C
ha

ra
ct

er
is

ti
c

T
ot

al
 n

um
be

r 
of

 e
ve

nt
s

A
ss

oc
ia

ti
on

 w
it

h 
a 

hi
st

or
y 

of
 a

ny
 T

B

H
R

 (
95

%
 C

I)
P

 v
al

ue
aH

R
 (

95
%

 C
I)

P
 v

al
ue

A
ID

S-
de

fi
ni

ng
 r

es
pi

ra
to

ry
 a

nd
 n

on
-r

es
pi

ra
to

ry
 o

pp
or

tu
ni

st
ic

 in
- 

fe
ct

io
ns

C
ry

pt
oc

oc
ca

l m
en

in
gi

tis
70

2
1.

64
 (

1.
39

–1
.9

3)
<

0.
00

01
1.

28
 (

1.
05

–1
.5

5)
0.

01
5

Pn
eu

m
oc

ys
tis

 ji
ro

ve
ci

i p
ne

um
on

ia
48

7
2.

34
 (

1.
94

–2
.8

1)
<

0.
00

01
1.

61
 (

1.
27

–2
.0

4)
<

0.
00

01

A
ID

S-
de

fi
ni

ng
 c

an
ce

rs

N
on

-H
od

gk
in

 ly
m

ph
om

a
40

0.
92

 (
0.

43
–2

.0
1)

0.
84

1.
09

 (
0.

45
–2

.6
5)

0.
85

K
ap

os
i’

s 
sa

rc
om

a
63

3
1.

05
 (

0.
87

–1
.2

7)
0.

57
1.

02
 (

0.
81

–1
.2

7)
0.

89

M
od

el
s 

w
er

e 
ad

ju
st

ed
 f

or
 a

ge
, s

ex
, C

D
4 

ce
ll 

co
un

t a
t A

R
T

 s
ta

rt
, a

nd
 tr

ea
tm

en
t s

ite
. P

 v
al

ue
s 

ar
e 

fr
om

 W
al

d 
te

st
s.

A
R

T
, a

nt
ir

et
ro

vi
ra

l t
he

ra
py

; H
R

, h
az

ar
d 

ra
tio

s;
 a

H
R

, a
dj

us
te

d 
ha

za
rd

 r
at

io
s;

 N
D

, n
ot

 d
ef

in
ed

; T
B

, t
ub

er
cu

lo
si

s;
 9

5%
 C

I,
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al

Trop Med Int Health. Author manuscript; available in PMC 2014 February 01.


