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Flexibility and innovation in response to emer ging infectious diseases:
Reactions to multi-drug resistant Tuberculosisin India

Emerging infectious diseases regained substantigrmational attention in recent years and it
has been argued that flexibility and innovationpmblic health systems is needed in order to
react to changing challenges. This paper will takese policy claims as a starting point to
examine the case of multi-drug resistant TuberasllddDR-TB) in India.

Based on fieldwork results it will be examined hinv existing control efforts of TB in India
respond to the emergence of MDR-WBat solutions are discussed for diagnosing, treaind
preventing MDR-TB and what can be learned from thi#th regard to innovation and flexibility
of a public health system in a country like Indide discussions and reactions to MDR-TB
indicate that arguments for flexibility meet comstits of the existing control system and the
Indian public health and wider social system. Hosrethe flexibility that is argued for goes
beyond what has been envisaged in internationatparenas (mainly focusing on preparation
of various capacities in surveillance, detectiondaresearch). Rather it involves localized
learning and experimenting within existing contsptuctures that are claimed to have become
too rigid in trying to keep up quality standardsda with a weakening public health system.
Furthermore, the case shows that existing challengd B control resurface with the emergence
of MDR-TB and reflect a difficult balancing act Weten biomedical values, socio-cultural values
and operational feasibility.

However, various actors are striving for change anig in these instances that one can start to
understand what flexibility and innovation couldandor a public health challenge such as TB
in India. The paper concludes with an argumentaatetailed analysis of these changes from an
innovation perspective.
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UNU-MERIT Working Papersintend to disseminate preliminary results of research carried
out at the Centre to stimulate discussion on the issues raised.






1. Introduction

Emerging infectious diseasdsave regained a great deal of international atterinh recent years,
not least with the outbreak of SARS and bird fluags, 2004, Fidler, 2004). Public health
specialists agree that dealing with new and re-gmg@r infectious diseases requires a
multipronged approach (WHO, 2003b, Alan, 2003). Boradequate public health and policy
response it is therefore important to stay flexdohel foster diverse forms of innovation processes
in order to be able to react to uncertainties eckaty continuously changing challenges (EASAC,
2006). These uncertainties are increasing with rceda possible future outbreaks, sudden
mutations of viruses, possible drug resistance,r poealth infrastructure, failing vaccine
strategies and additional unknown challenges drivational trade and travel, global warming
and ageing societies (Eurosurveillance, 2005).

The flexibility in reaction that is needed is corrad with preparation of response and innovative
capacity in a variety of areas such as rapid ifleation and surveillance, public health
infrastructure, vaccines, diagnostics and therapgutaining and manpower in clinical sciences
and coordination of science agendas (Eurosurvedlarz005). Besides large investment in
different forms of R&DB (EASAC, 2006), the challenge is to develop newliuiealth solutions
that are affordable, acceptable and applicable omall setting (WHO, 2003). Forecasting
techniques, computer-modelling or disease epidemyoktan help to measure potential impact
and set priorities (Pompe, 2005). Flexibility isishunderstood as the ability of a control system
to detect and respond to new challenges quicklypdipg able to make use of a diverse set of
potentially beneficial disciplines, actors and dafiges at various levels. As Owen and Roberts
(2005) put it:

“SARS served to clearly demonstrate the key remerds of robust health
policies that are required to enable a state to'fesilient’ to health challenges. These
are: ability to assess potential health challengeevention as part of the policy mind-
set; preparation; capacity to respond; and ability rapidly recover. To succeed also
requires the involvement and consent of empowekéldsociety. The problem is global

! The WHO (2005) defines emerging infectious dissase"... diseases of infectious origin whose iewie in
humans has increased within the recent past cattims to increase in the near future." This dédiniincludes
newly emerging, re-emerging and infectious dise#isaisappear in new geographic areas, in new femimscrease
abruptly.

2 In addition to R&D in basic microbiology, immunajp and molecular biology to understand pathogérest host
interaction and to develop improved antimicrobialgs, diagnostics and vaccines (EASAC; 2006)iinjsortant
not to forget research in delivering the medicimggrational research about people’s behaviour sireffectiveness
of various delivery methods. Research by econoppstgchologists, sociologists, health servicestaalth delivery
researchers is important (Embo, 2003)



and international but much of the solution mustidial and social.” (Owen & Roberts,
2005)

With these policy claims in mind this paper wilkcts on the emergence of multi-drug resistant
Tuberculosis (MDR-TB) in India. It will examine hatlve Indian TB control system is reacting to
MDR-TB, what solutions are discussed for diagnosingating and preventing MDR-TB and
what we can learn from that with regard to innowatand flexibility of a public health system in
a country like India. By examining ongoing discoss and debates around MDR-TB the paper
will simultaneously provide insights into the gesdepractices and struggles of Tuberculosis

control in India and the challenges in reactinghanging circumstances.

Tuberculosis (TB) is an infectious disease which ba transmitted through air and requires a
very long and complicated treatment. Although themee been effective drugs available for 50
years there have not been enough serious effotsritvol the disease. Today, TB remains the
first among the world’s infectious killers, with meopeople dying from it than ever before. The
TB crisis is worsening worldwide with increasing linrdrug resistant forms, so much so that
experts are speaking of a timebomb that is aboekpbode and for which we are not prepared
(Reichman & Hopkins, 2002). The dynamics of TBdémims of spread and treatment (it is highly
infectious but transmission is slower and it haarabteristics of a chronic disease in treatment
efforts) are different than the dynamics of fastesing infectious diseases like SARS or avian
flu. International policy claims may thus fit lessthe potential threat of MDR-TB. However, as
this paper shows, the emergence of MDR-TB is askingeactions of high speed and quality
similar to the ones stated at the outset; but éspanse has to meet and fit within an existing
control structure. It is thus interesting to examimow the problem is defined and what reactions
are discussed.

In recent years there has been increasing intematiattention to the threat of multi-drug
resistant (MDR-TB) and extreme multi-drug resistamniberculosis (XDR-TB) fuelled by the
outbreak of XDR-TB in South Africa which was widgdyblished (Neel, Gandhi, et al., 2006)
Public health experts fear that in a country likdi, with the highest existing burden of TB in
the world, the potential effect of MDR-TB on onggirontrol efforts might be devastating,
eliminating the successes achieved so far (Intervigh public health consultant, international
PPP, Pune, 29.1.2008).



Given the above stated need for flexibility in réat to emerging public health challenges such
as MDR-TB one would expect the Indian TB contratsyn to be receptive and open to whatever
changes and new opportunities might appear andsterf what might be called innovation for
TB®,

However, if one takes a closer look at the fielklerealities the picture that emerges is far more
complicated with challenges and constraints inHetenthe system that hamper learning,
experimenting and thus flexibility in the responkis paper shows these challenges.

The paper is based on evidence that has been teolldaring exploratory fieldwork in India in
2008 consisting of 45 semi-structured interviewsti(wpublic health experts, policymakers,
scientists, scholars, physicians, medical staffjgbe practitioners, consultants and members of
the civil society and international donor commujpityisits to research institutes, patient homes
and treatment sites. The following is a first as@yof the data with the aim to identify areas for
further theoretical and empirical research.

In the next section, a brief overview on TB contfforts in India will be provided in order to
better understand the current developments inicgatdh MDR-TB which will be examined in
chapter 3. The last section concludes with refbasialong innovation and flexibility in the TB

control system in India.

2. Tuberculosis control in India

India is the country with the highest TB burderthia world. Every three seconds two Indians die
of the in principle curable disease. It has bedimased that there are 1.8Mio. cases occurring
annually (Central TB Division, India, 2007). Thedgeudeath toll and the long-term impact on
patients lead to severe economic burden and huaoféeriag. The links between poverty and TB

are long established (Benatar, 2003; Farmer, 19P@jentially increasing numbers of co-

infection with HIV and the increasing emergenceswhins that are resistant to anti-TB drugs
might worsen the situation (Central TB Divisionglia, 2007).

% This paper will entail quite a broad understandihinnovation for infectious diseases based ogfaition of
innovation in healthcare by Cunningham (2005). iration is defined as change in service productsd@sses,
delivery, organizations, system interaction or @pts if it is characterized by introduction of nemowledge.
However, it will become clear in the pursuit ofglgiaper that it needs further research in ordbetter understand
what exactly the particularities of an Indian crdtef innovation for infectious diseases such asid3



The Revised National Tuberculosis Program (RNTGRhé current TB control program of the
Indian government and has at its core the DOTSesjyaof the WHQO. Depending on the results
of the diagnosis by sputum samples patients atehdited across four different categoriesd
put on a strongly standardized treatment with shaartibiotics which lasts six to eight months.
The drugs for the complete treatment are put imauhich is deposited at a DOTS provider in
the patient’s vicinity (a local shop, pharmacy, tpaffice or even a neighbour can be a designated
DOTS provider). The patient has to swallow the dregery alternate day under supervision of
the DOTS provider. The government is in chargenefwhole program from diagnosis centres to
the delivery of drugs free of charge.

Opinions about the success or failure of the DOAdg@m in India differ. Overall the RNTCP is
judged by many as a success story particularlyusecaf its internationally unprecedented rapid
expansion in recent years across the country. THE(® claims that it has achieved nearly full
coverage across India (Central TB Division, 2000) dyitical voices ask about the quality of that
coverage since there is still a large number okptg who fail the treatment or who lack access
to it (Interview with medical anthropologist, 22008; Chakraborty, 2003; Udwadia & Pinto,
2007 .

Confronted with this critique the government tendsargue that the biggest challenge in TB
control is ensuring compliance of the patient ® TB treatment (Interview with medical officer,

* The DOTS strategy is consisting of five elemegtszernment commitment, case detection by sputumostopy,
standardised treatment regimens of 6-8 monthsditiltt observation (DOT) for at least the initialt months,
regular supply of anti-TB drugs, and a standardisedrding and reporting system (WHO,
http://www.who.int/tb/dots/erdccessed on 20.7.2008).
® Sputum smear microscopy is the technique whictsésl to diagnose TB in DOTS. It consists of therération
of sputum (matter thrown up from the lungs) for tletection of a certain type of bacteria. It is $iraplest
laboratory test. It is cheap and is performed withinutes. Depending on the results of three spstamples the
patient is put onto one of the three categoriessaihdequently on the standard DOTS treatment whias 6
months

- Category I: new smear positive patients, sehjoillpatients, co-infected HIV patients

- Category II: retreatment (defaulted and come pikire and again started on treatment, relapssds

(long ago, declared as cured, but again infected))

- Category lll: new smear negative cases, nobssly ill, extra pulmonary TB

- Category IV: MDR, DOTS plus (not yet implemented

® The problems with access and adherence to TBhigsdtare multifaceted and complex and are depermdeat
range of factors from patient characteristics togbcial and economic environment. Problems ofsacttecare are
illustrated in the delay between onset of symptadi@gnosis and treatment. Influential factors hlasen found to be
individuals’ perception of the disease, severityhef disease, different access to health senacgs,gender, social
deprivation, economic burden, attitude and expeuishealth personnel (Lienhardt et al., 2003).dReing

problems of adherence to treatment, Paul Farmesuggested that social-structural factors suctoasry,
economic inequity, racism, gender, inequalitiesgdise, homelessness, overt political violencevilrdisturbance
are largely to blame. As evidence from operatioasgarch studies in Delhi shows, patients who @rily and
economically marginalized will be least able to eghto treatment (Singh et al., 2002).



RNTCP, Government of Andhra Pradesh, 21.1.2008)nyMactors outside the program we
interviewed criticize the RNTCP for a perspectifegpashing patients to take the treatment by
ignoring more social and cultural factors that dobinder a patient adhering to a treatment that
comes practically to her/his doorstep (such asitrarty transport, food security, other support
mechanisms, gender or stigma). They argue that FNIECpurely based on the biomedical
approach, on the battle against the germ, andhkatuman angle is missing (Interviews: health
activist, Bangalore, 26.3.2008; medical anthropsipdgMumbai, 31.1.2008; professor in public
health, Mumbai, 4.2.2008). However, advocates efRINTCP argue that the program is trying
to enhance compliance and access to treatment dsgasing communication and education
activities and by training DOTS providers (Intewigvith supervising medical officer, RNTCP,
Government AP, Hyderabad, 21.1.2008), that the RR'€@responds to the status of the Indian
public health system in place (Interview with fomrgenior consultant, World Bank, Delhi,
05.03.2008) and that taking into account or evgimg@rto change social-structural factors is not
operationally feasible and would exceed availabkources and capabilities (Interview with TB
consultant, WHO India office, Delhi, 22.2.2008).

The TB control efforts are based on a strong sirecbr protocol inherent in the treatment
regime itself: The RNTCP is very system-methodi@sntreatment approach which is according
to some actors important to keep up certain levetpuality across the country and cope with the
weak health system (Interview with head of natioN&O, Hyderabad, 16.2.2008). There are
clear categories to which patients are assignest #fe first diagnosis which helps to provide
well-defined treatment regimes in settings with Iskilled health personnel. Among private
physicians particularly category I, the retreatingtiage, is subject to discussion (which will be
examined in chapter 3.2.1). As per the guidelingatéent is cured when the sputum turns from
positive to negative in the last month of treatmemd on at least one previous occasion (WHO,
2002). Members of the private medical sector artae the RNTCP does not take into account
the difference between cure and care. They comphaihthere is no room for care, for patient —
practitioner interaction, flexibility in treatmenpossibility to adapt to individual conditions or
side effects, etc. The focus of the program isrelytion cure as defined by the guidelines and
completion of treatment according to a protocokeda reduced to cure by a box full of drugs.
These debates show the tensions and an appametaifabetween individual, flexible treatment
and the need for classification, standardizatiompsfication and thus inflexibility within a

public health program that is trying to cater te Whole population in a uniform way.



These tensions touch upon a classic public hed#ma between biomedical values and socio-
political values reflected in program design. Bialical values characterize programs in
standardized manner, assume that they are trabkfdvatween different contexts and evaluate
programs in terms of cure and treatment rates.oSualitical values tend to see TB as a disease
of poverty and demand from programs being flexillegessible to patients’ needs and living
conditions, dealing with the side effects of treamtregimes and other structural and social
factors such as gender or stigma (Porter & Ogde996)l DOTS has been criticized
internationally for its focus on cases and coninglithe spread of disease instead of concern for
individual patient; for a lack of attention to thatient’s cost, unfair treatment of sputum-negative
patients and potentially unethical treatment ofguas by making him/her adhere to treatment at
all cost (Walt, 1999). In her study on the polities TB control Walt (1999) argues that an
orientation towards rigidity, rapidity and resuhsflects some of the worst characteristics of
vertical program implementation in infectious dseaontrol. Among others, the demands of
donors and the international community and the rieedesults and success stories often lead to
programs that are too rigid to take into accouaal@onditions and culture, that focus on rapidity
without allowing health worker and communities tobilize and thus demand health solutions

that are too much target-driven, leading to fadsifion and undermining of results.

Several public health scholars we interviewed adgtieat the response to TB is always a
reflection of the current status of the health esystand wider social systems (Interviews:
professor in public health, Delhi, 25.2.2008; matienthropologist, Mumbai, 31.1.2008; health
activist, Bangalore, 26.3.2008) and thus it is ingoat to take these contexts into account. TB
control in India has a long history both in termis control efforts and indigenous policy

development which often reflected socio-politicainditions of that time (Bannerjee, 1993;

Narayanan et al, 2003). There was a lot of poliidtention to TB in 1960s, when some of the
important TB institutes were set up. Pioneeringdigtsl were conducted in Indian research
institutes, showing the effectiveness of domicjlimeatment and the need for direct observation
of treatment which revolutionized TB control worlde and provided the basis for today’s
worldwide TB control strategy by the WHO as earky #9058 (Narayanan et al., 2003). But

" The demonstration in the 1960s that ambulatomtinent of tuberculosis was as effective for pasiemid their
families as bed rest and treatment in a sanatomgamnt the end of the sanatorium era and the begjrofi
domiciliary treatment in TB control. Thus, TB tresnt could be made widely available to many pagiént
countries with high prevalence.
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subsequently the focus shifted to other issues meaeed towards population control (Interview
with director research centre, Hyderabad, 10.3.2@@®erally neglecting maintenance of TB
control infrastructure. The strong focus on popafatcontrol and family planning during the
1980s and 90s led to a slow deterioration of genperalic health services by focusing attention,
distorting resources and skills away from genetdilio health services. Some of the most often
cited challenges the public health system is fatcoupy are poor surveillance and monitoring
and therefore absence of reliable data, poor gawes corruption, lack of human resources and
of stewardship, all of them strongly affecting T@&trol efforts.

The guidelines for TB control are formulated at haditical centre in Delhi and there is little
capacity or room to adapt them to local conditfoii$ie influence of international actors such as
the WHO and World Bank on policy desfgis according to many members of the civil society
too strong and based too much on a particular teahperspective leading to problems in policy
design (Interviews: head national NGO, Hyderaba@.,2.2008, health activist, Bangalore,
26.3.2008; Bannerji, 1993). They argue that theders can be important in putting certain
topics on the agenda but that there is a neednianging power balances and opening up space

for discussions and different opinions.

Thus, the challenges that TB control in India isifig originate from within the TB program, the
public health system and the wider social systesawlll become clear throughout the paper,
positions of actors in the debate are not alwagaretut. While most of our interviewees agree
that guidelines are needed, they differ in theinmms on how appropriate these guidelines are
for local contexts and current status of the hesytstem and how much flexibility they should

allow for.

® Health is a state subject in India. However, agsabove the guidelines for most of the publidthgarograms
and for infectious diseases in particular are desicgand formulated at the central level in Dellbbim8times the
decisions made in Delhi are not very applicablthéolocal context. There is little room for localligpymakers to
adjust to local contexts and at the state levehciips are mostly missing to make use of thailfiéty (Ramani &
Mavalankar, 2005; Interview director public heaktisearch centre, Hyderabad, 16.1.2008). “The maidetines
the central government issues, the more straigtefage become!”(Interivew director public healtlsearch centre,
Hyderabad, 16.1.2008). The staff still needs ojgedelines and prefers working with targets, big ibbserved that
governance capacities are in general slowly inamgeasso at the state level (Interviews: formerigenonsultant,
World Bank, Delhi, 05.03.2008; director public hbalesearch centre, Hyderabad, 16.1.2008).

° Among the international players especially the Wakdechnical advisor and the World Bank influenealth
policymaking in Delhi with regard to infectious dases. The WHO influences more on the technicalwith daily
interaction between its WHO consultants and theti@emB Division. The influence of the Bank is more
conceptually, in formulating policy on the operagbside of the problem.

11



The few suggestions that have been put forwardderdo make the RNTCP more responsible to
local contexts and needs as a result of operaticesdarch, mostly carried out by medical

anthropologists, are difficult to include in theogram; Partly due to politics, but also because
they often involve huge commitment and resources fthe program, the medical staff and their
skills (Interview with medical anthropologist, Hydéad, 16.1.2008) which might not be

operationally feasible. Often a balance has todumd between different solutions. There is a
constant struggle between the social and the teahrivetween scientific knowledge, techno-
managerial feasibility of the program and sociawmal or structural factors. The struggle for this

balance also characterizes the reactions to MDRS ®&e will see in the next section.

3. Reactionsto the emergence of MDR-TB

Multi-drug resistant Tuberculosis (MDR-TB) is dedfoh as resistance to at least Rifampicin and
Isoniazid, two of the most important standard dfgidrugs. It develops due to infection with a
resistant strain or due to poor treatment with @wpthte drugs, insufficient drugs, selective,
unstructured drug intake, poor drug quality orguiar drug supply (Central TB Division, India,
2007). Although MDR-TB has been an issue for ag las anti-TB drugs have been in use there
IS concern about an increase in drug resistancehengotential impact it could have on existing
control efforts. Since 2005 MDR-TB is officially dhe agenda of the Central TB Division and
the government is slowly reacting to it- also ispense to the pressure of international actors
such as the WHO. The emergence of MDR-TB is aipally sensitive issue since it should not
increase when a DOTS strategy is working succdgséud thus debates revolve around how
serious the problem is (China Tuberculosis CormDmllaboration, 1996; Interview with director
research centre, Hyderabad 10.3.2008). Publicthealperts outside of the government criticize
that the reactions are not fast enough (Interviehsst physician, Delhi, 21.2.2008; public health
consultant, international NGO; Hyderabad, 24.3.30B8t, according to a WHO TB officer, the
first priority for the central TB division is stilmplementing the standard TB treatment, DOTS,
given that full implementation was only reache@@96 (Interview Delhi, 22.2.2008).

This section will review, on the basis of qualiatinterviews with key informants, some of the
ongoing discussions about reactions to MDR-TB ididn In accordance with the policy claims
mentioned at the outset, that changing public heddallenges enhance uncertainty and thus need

flexibility in response, it will examine what actorperceive to be uncertain, how these

12



uncertainties are handf€dand what is debated with regard to the definitanthe burden,
diagnostic techniques, treatment and preventioiViioR-TB.

3.1 Uncertaintiesin reactingto MDR-TB

The biggest uncertainties in TB control in India,aaccording to a WHO TB consultant, the
definition of the burden of the disease and thévde} of care. The weak data situation implies
that the baseline of the estimates is contesteceatichates are very uncertain. Since the whole
focus of the RNTCP is based on measurement of titateand cure rates, it means that the
program indicators are based on uncertainty (D2thL.2008).

The delivery of care and thus outreach of the obngfforts is uncertain because of vast
differences in program performance between statiest{ich some are enormous in size) and the
huge unregulated and diversified private sectorctwhs difficult to include and where it is
literally impossible to calculate incidence or pkance rate (Interview with TB consultant,
WHO India office, Delhi, 22.2.2008). Weak monitaginf activities (is DOTS really happening
at the doorstep?) and potentially lacking moral ecotment among medical staff are factors
further increasing this uncertainty with regardstgstainability of the program (Interview with
senior researcher, Tuberculosis Research Cente€)(TRhennai 13.3.2008). According to a
medical anthropologist uncertainty of implementatis further enhanced because the skills
required of the medical staff for management os¢hprograms are mostly lacking. This is even
more so today where public-private partnershipsiaceeasing and one needs a certain set of
skills to manage such partnerships and be ablectd With people outside the public health
system (Interview Mumbai, 31.1.2008).

With regard to MDR-TB there is additional uncertgirand debate about the prevalence and
potential impact of MDR-TB on TB control (CentraBDivision India, 2007; Interviews: chest
physician, Delhi, 21.2.2008; public health consultanational NGO, Hyderabad, 16.2.2008).
Some years ago the private Hinduja Hospital in Mangublished data on their TB patients of
which 32% had MDR-TB and 8% were XDR-TB cases (Udi®a2001; Udwadia, Hakinyan &
Rodriguez, 1996) which created quite some debatsngmublic health experts in India. Clearly,
the data from these private, tertiary care centi@s a strong bias since they are well-known
referral centres for failure cases. Currently aldé data from government sources shows 1-3%

1% Thus referring to what has been termed ‘uncertaiformation’ by Van Asselt and Vos (2006).
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MDR among new sputum positive cases and 13-17% MBng retreated casé¢Central TB
Division, India, 2007). According to a WHO officéne government feels quite well informed
about the extent of MDR-TB since the Drug ResistaBarveillance survey and former studies
are revealing similar trends of incidence ratesfé TB Division India, 2008).

However, even if the incidence rates are more 8 tertain there is no data baseline available
and it is thus difficult to define whether MDR-TB increasing. Opinions differ about the extent
to which MDR-TB is posing a threat to national T8ntrol and whether it has to be called an
emerging infectious disease (Interviews: microlyidt private hospital, Mumbai 9.2.2008; chest
physician, Delhi, 21.2.2008; TB consultant, WHO itndffice, Delhi, 22.2.2008, public health
consultant, national NGO, Hyderabad, 16.2.2008)cofding to members of civil society
organizations, MDR-TB is clearly handled as a thrieathe RNTCP; and WHO and other
international players are exerting a lot of pressum the government to react. There seems to be
fear that MDR-TB may potentially sabotage the whalegram (Interviews: head international
NGO India office, Hyderabad, 10.3.2008; medicahaspologist, Mumbai, 31.1.2008; director
NGO research centre, Hyderabad, 10.3.2008). Momenate voices are warning of the creation
of too much panic among private physicians leagintentially to an overuse of second line
drugs and argue that it is rather a big social lerolthat needs to be addressed than an epidemic
(Interview with microbiologist, private hospital,hbai, 9.2.2008).

“I learnt not to say it has been increasing, théseno denominator! How can we say it?
We have a huge bias towards resistance ... they tmomewhen they are not doing well.
Telling you numbers of our MDR is meaningless.tdiaiew with microbiologist, private
hospital, Mumbai, 9.2.2008)

“I cannot say definitely, it does seem to be slighin the rise, but definitely it is not
coming down. .. | think it is one of the emerginfgctious diseases for which we need to
have, if nothing ...for it to prevent it, becauses il disease which is infectious, ...
treatment, cure will become more difficult, and tens will increase, ...” (Interview with
chest physician, teaching hospital, Delhi 21.2.2008
Still, if we assume that the government figures rame or less correct we are dealing with a
huge amount of MDR-TB patients in absolute numbédrs can potentially transmit the resistant
strains. According to a senior microbiologist a¢ fhuberculosis Research Centre in Chennai it
might not be the right approach to quantify thebpgm given the weak data basis (suspect to

underreporting and not very generalizable data kviidrom different spots across the country).

1 patients who failed the first treatment and staregreatment (Cat I1)
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Rather there is a need to react to MDR-TB withinTRIR and include policy strategiésr
dealing with it (Interview microbiologist, Tuberculosis Researchntee (TRC), Chennai
14.3.2008).

Thus, uncertainty in TB control in India is not prharacterized by how the disease will evolve
in the future and the potential impact of MDR-TBete is as much uncertainty about the present
burden of TB and the quality of the delivery ofearhich makes the response to the “standard”
TB case already difficult and might hamper flexibésponses to MDR-TB. There seem to be
different types of uncertainty involved: about theure development of disease and control
efforts (which correspond to international policjaims) and uncertainty which is more
characterized by lack of data and knowledge abngbimg activities, thus the present. Literature
on uncertainty differentiates between epistemic uncertainty (tludimited knowledge or by
complexity) and variability uncertainty (due to adnility of system behaviour), whereas limited
knowledge can result partly from variability. Fuethdifferentiation can be done according to
level and source of uncertainty (Van Asselt & V2806; van Asselt, 2000; Walker et al., 2003;
Meijer, 2008). These types of uncertainty seemxisten the present case as well: uncertainty
about sustainability of the program, due to lack d#Hta about private sector, different
performances between states and the unknown buwfd&€B can be characterized as epistemic
uncertainty and variability uncertainty can be fdun the future development and potential
impact of MDR-TB on control efforts. The former @gpls on sources such as lack of
observations, data or ignorance, the latter ortg;mdrom the natural system but also human
behaviour and social, economic and cultural dynartacc to Van Asselt & Vos, 2006). What is
perceived as the source of uncertainty stronglyeddg on the context (Meijer, 2008), thus it is
important to understand the context of TB contrathim which these claims are made. Both
sources and types of uncertainties are importaontterstand in order to analyze reactions to it
(Meijer et al., 2006). According to Walker et a003) situations of high uncertainty call for
robust strategies which will work in various siioat (the strategy that RNTCP chose with
DOTS) or an adaptive strategy which can be easdgified to fit the encountered situation (the
strategy that actors who criticize the RNTCP seerfatour). It seems to be useful to conduct
further research on perceived uncertainties inwblveTB control in India given that they can

play an important role in blocking change by inflagg decisions and behaviour of involved

12 Uncertainty can be defined broadly as “any dewiafrom the unachievable ideal of completely detaistic
knowledge of the relevant system” (Walker et @025) which relates to a lack of information opects that are
indeterminable.
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actors (Meijer et al, 2006). Let us now turn to thecussion about the reactions to MDR-TB in

greater detail.

3.2 Reacting to MDR-TB: handling uncertainty

The government is the main actor responsible fbfipinealth challenges. How is the Central TB
Division coping with the uncertainty mentioned ababhat characterizes the TB challenge in
India?

According to Meijer et al. (2006) standard reactido uncertainties involved in innovation
decisions can be the delay or abandonment of iriwovadecisions or the ignorance of
uncertainty and taking the risk to make false dens based on imperfect information.
Furthermore, if uncertainty is acknowledged theeminformation is collected in order to reduce
it but gathering information might not always redumcertainty. It can enhance uncertainty by
discovering new uncertainties or harden existingitmms because different interpretations are
possible. Similar developments can be found infBease:

With regard to the uncertainty created by therfdtad” TB epidemic (mainly sustainability &
quality of delivery) the government is trying torialle it by applying an internationally accepted
policy strategy (DOTS) and by focusing on implena¢ion of this strategy across the country
with clear targets as measurements of success é&nardreatment rates). We have seen in the
preceding chapters that some actors outside therganent argue that DOTS is too much
focused on the biomedical perspective and doeslifemwv enough flexibility or learning to take
place whereas the government is emphasizing thikenba of operational feasibility and the
constraints of the public health system in thedndiontext.

With regard to MDR-TB, the government is tryingremluce uncertainty about the burden of drug
resistance by conducting several Drug Resistanceeflance surveys to provide a data baseline.
Simultaneously they are focusing on capacity bogdand quality assurance of diagnostic
facilities throughout the country because with #xg methods in place it is not possible to
diagnose MDR-TB. In cooperation with the WHO Indifice they are fostering the evaluation
of new diagnostic tests because rapid diagnosigarded as a crucial bottleneck. The potential
threat of MDR-TB also calls for strengthening ofisting control efforts, since prevention of
MDR-TB is expected to be the best strategy to dathl the MDR-TB threat. They are trying to
strengthen existing control efforts for exampleigiuding the private medical and NGO sector
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to improve service delivery. Furthermore DOTS phlirg treatment strategy for MDR-TB cases
by the WHO has been adopted and is being testadinst treatment site.

This sounds like a flexible reaction more or lesine with the policy claims stated at the outset
of this paper. However, these reactions are noayswstraightforward and are debated and
contested among public health experts in Indiawhat follows, a closer look at some of the
underlying challenges in defining burden, diagnoprevention and treatment of MDR-TB wiill

be undertaken.

3.2.1 Defining the problem of MDR-TB

As mentioned above MDR-TB is a politically senstigsue because MDR incidences should go
down if a DOTS program is working well. Accordingd private chest physician, there has been
initial resistance in the government to accept thate is a serious problem due to the implicit
acknowledgment that things might not work as smigo#is they appear. That the program is
reacting now to MDR-TB shows to him that there bagn a shift in attitude (Interview with
chest physician, Delhi, 21.2.2008). According tdoemer senior TB consultant at the World
Bank there has been a certain feeling of accompkstt when implementation of RNTCP across
the country was reached which allows now directimgye focused attention to emerging issues
such as MDR-TB (Interview, Delhi, 05.03.2008).

However, several private physicians complain alio@itresistance to criticism by the government
and the lack of willingness to reflect openly abting reasons for increasing MDR-TB cases. One
of the often cited factors by public health expent$side the government is the definition of the
category Il treatment regime which is, accordingtiem, breeding MDR-TB. It is felt by
private physicians that the government doesn’t semady to think about why these categories
have been adopted and whether they ought to begebdginterview with chest physician, Delhi,
21.2.2008). Besides the contested treatment ofgcatell patients, they complain that the
RNTCP does not recognize old patients as retredtosses since most of the patients present
themselves as new cases. The continuing problethsagtherence to treatment, neglect of socio-

cultural factors and lacking regulation of and ce@pion with the private sector are further

13 patients under category Il (retreatment, fail@efised cases) are treated with one additionalatilyg in contrast
to other countries where 2-3 additional new drugsaalded which is of course much more costly. lditaah these
patients are not immediately tested for MDR-TB,yadflthey fail the Catll treatment. Many physiciawe talked to
think that this category is breeding resistancetaace is anecdotal evidence confirming these amisce
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breeding drug resistance. Thus, arguments have rhade that the RNTCP is actually creating
MDR-TB.

The government argues that MDR-TB is mainly a pgobbf non-compliance with treatment by
the patients and of the private medical sector eimgidequate, insufficient or non-standardized
treatment regimes are common. They argue thairigeas many patients as possible under the
DOTS regime is the best prevention for MDR-TB (fmtew with supervising medical officer,
RNTCP, Government AP, Hyderabad, 21.1.2008).

Thus, actors tend to blame each other and defiegotbblem differently. It is internationally
acknowledged that MDR-TB is increasing due to misaggment and repeated mistreatment of
TB cases (WHO, 2008). However, the factors resppdasor poor treatment in the Indian context

are understood differently among actors involved.

3.2.2 Diagnosing MDR-TB

The improvement of diagnostic tests is seen by nmasgarchers as the greatest challenge at the
moment in TB control. The difficulty is to be alie distinguish between infection and active
disease and to develop tests that are able toilizedtin the current health system and its levels
of absorptive capacity. (In endemic settings likelid almost the entire population is infected
with the mycobacterium TB but only around 10% wld#lvelop the disease during their lifetime.)
(Central TB Division, 2007; Interview with seniorigrobiologist, Tuberculosis Research Center
(TRC), Chennai, 13.3.2008).

As of now, there is absolutely no surveillance @mgdostic system for MDR-TB in the Indian
public health system. Diagnosing MDR-TB however,n@t that simple. There are several
techniques available or in development, but nontheim standardized or evaluated for the TB
program yet and all of them require higher labanatoapacity and bio-safety levels than
currently in place (Interviews: microbiologist, eesch foundation, Mumbai, 2.2.2008, TB
consultant, WHO India office, Delhi, 22.2.2008).

Opinions differ about the appropriateness of défgrdiagnostic techniques (solid culture, liquid
culture, molecular tests) depending on turndownrefirost-effectiveness, required laboratory
capacity, feasibility, etc. Various research iritias by public, private or NGO laboratories are
looking into better tests or adopting existing of@sthe Indian context. According to several
public health experts we interviewed there are moany different agencies involved acting

uncoordinated and producing redundancy. This has laegeneral critique on the Indian health
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research system (IAVI, 2007) and the TB case igxueption: there is no long-term road map,
no coordination between different governing agendienited infrastructure, funding and human
resources, and not enough cooperation with industdirector of a NGO research centre argues
that not enough importance has been given to thelojgment of cheap, easy to use technologies
for the public health system in general, and thaté is not enough strategic research initiated by
the government (Interview Hyderabad, 10.3.2008).

So far, none of the diagnostic tools meet the egptiens. The TB program manager has to be
very convinced of the feasibility and effectivenestien implementing a new diagnostic
technigue given the huge operational effort invdhamd that it takes 3-5 years to roll it out in
India. What if someone comes up with a better smutvithin four years? It is therefore crucial
to show the utility and operational feasibility méw solutions for the program and the public
health purpose (Interview with TB consultant, WH@lih office, Delhi, 22.2.2008).

It is furthermore regarded as very challenging & the new techniques implemented in the
system. Often lab technicians are not in touch wittting edge science and technology and are
more comfortable with what they have been doingyfmars. The ones who could introduce new
techniques, the Ilab supervisors, are often youngense graduates (because senior
microbiologists are not interested in public segms), supervising older, more senior lab
technicians who are not ready to listen to the gde& young graduates (Interview with
microbiologist, research foundation, Mumbai, 2.220 There is a lack of motivation and
leadership in the system also due to the huge wadklon public laboratories which creates
further barriers to change. The absorptive capafotynew technology and techniques for
diagnosing MDR-TB is thus an important factor hanmmge change, strongly connected to

challenges inherent to the health and wider sagistem.

Regardless of which diagnostic test will be introel for MDR-TB they all require a certain
laboratory capacity. Since MDR-TB is defined asaloratory diagnosi$ the Central TB

division argues that one needs to strengthen laédrgraapacities first in order to be able to

4 Microbiologists argue that the diagnosis of MDR-EBot purely a laboratory diagnosis. The probieith
bacterial resistance is such that if there is taste in the lab it doesn’t mean that you wouldtigetsame in the
body reaction. It can happen that the patient séemespond to the treatment from a clinical poiwiew but still
be resistant from a laboratory point of view (Intew with director research centre, Hyderabad, P033).
Following up the patients and correlating lab aliwical diagnosis would therefore be important isubardly done.
Thus, it is challenging to define, what you can MEDR-TB.

19



diagnose cases. So far there are only a few quedyred labs that are able to diagnose MDR
and thus the government is planning to have 24rédboes (state-level Intermediate Reference
Laboratories, IRLS) accredited across the coungrg@?20. But it is a long and difficult process
given persistent problems in the health system wi#ifing™ so much so that many experts
doubt that it will work by 2020 (Interviews: direct research centre, Hyderabad, 10.3.2008;
public health consultant, international NGO, 240B2). The staffing of the laboratories
highlights structural problems inherent to the tlealystem. According to a WHO advisor this
aspect has been underestimated by many in thergoeet and therefore the MDR-TB challenge

is far more complicated than expected (Delhi, 22@8).

The strong focus on quality assurance for cultweessive laboratories by the government
(pushed by the WHO as many argue) is contested gupohblic health experts and accused of
slowing down the reaction unnecessarily since litaisipered by challenges inherent to the health
system which might take a long time to change (imsvs: public health consultant,
international NGO, Hyderabad, 24.3.2008; head afational NGO, Hyderabad, 16.2.2008).
Although accreditation is essential to bring a amf standard to all the labs, improve quality of
diagnosis and allow sharing of data, samples arainst for research, it seems to be a huge
challenge to talk about quality control if the #kilare not even existing in government
laboratories (Interviews: director research certtygerabad, 10.3.2008; public health consultant,
international NGO, Hyderabad, 24.3.2008).

A public health consultant who has been working implementation of RNTCP since it's
beginning argues that fast reactions would be éssémdealing with the MDR threat and that it
has to be seen how practical MDR diagnosis andtntiesst can be expanded and then
simultaneously quality can be improved. The curremtroscopy diagnosis, on which the
standard DOTS is based, was started without quebtytrol which was only introduced five
years later. In the same way states should be etldw start with diagnosing MDR-TB without
accreditation and overall quality control. “If yden’'t act fast you are further creating a problem,

if you act fast at least you will learn from yourstakes” (Interview; Hyderabad 24.3.2008).

!> These state level laboratories are complicatedriand the jobs are not financially attractive wgtofor senior
microbiologists.
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Furthermore there are debates about the timing BIRMB tests within the standard TB
treatment regime.

“...Everyone is treated according to the DOTS regintae test for MDR will only take
place once a person failed the CATII treatment Whg already the retreatment stage.
Then they become suspects for MDR and then it @kether four months to find out
whether it is actually MDR due to the techniquesined and the time it takes to send the
samples to the TRC [Tuberculosis Research Centne] lzack. So there is a time gap
involved which is very dangerous for the patient@riterview WHO TB-consultant,
Gujarat, 5.2.2008)

At the moment, the system doesn’t allow for thediing of primary MDR-TB since culture

sensitivity tests that are necessary to diagnos&MB are only run after the patient is failing

standard treatment and the retreatment. With cutesrels of techniques, skills and capacity,
testing each and every patient when he/she enbersTB program is simply not feasible.

Although the time saved (around eight months adt)ezn treatment would benefit the patient and
the program.

The struggles and discussions around diagnosing NIBRhow that there are many barriers to
change inherent in current TB control efforts doecbnstraints by operational feasibility,

response capacity and challenges in the publicttheald wider social system which make a
flexible response difficult. The strong influencetlle WHO becomes evident for example in the

emphasis on quality assurance of laboratories.

3.2.3 Treating MDR-TB

The treatment of MDR-TB is complicated, long, tgxfaustrating for the patient and cannot
easily be standardized because it needs a lot whseliing and room for individual care
(Interview with chest physician, Delhi, 21.2.2008he government is piloting treatment in
accordance with the DOTSplus guidelines by WFi® a hospital in Ahmedabad.

Debates revolve around how to best ensure adhetengd®R-TB treatment (Interview public

health consultant, national NGO, Hyderabad, 16@820and how to prevent spread of drug

' MDR treatment according to the DOTSplus guidelim®s 24 to 27 months and involves injection andsl
intake at six days a week (and on Sunday drugs amtje intensive phase of which some is speattaispital.
Later the patients move to ambulatory phase ardttabnly (depending on the weight, above or I&dgy4hese are
10 or 13 drugs a day which are more toxic includiregse side effects than the standard cocktaihtbmtics in the
DOTS regimen.) The drug regimen DOTSplus is taken daily bases whereas in DOTS it is an intermitte
regime. One can imagine that the existing probleht®mpliance are even bigger especially giverfdieethat most
of the MDR patients already passed months or eeansyof unsuccessful TB treatment.
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resistant straifé. Some public health experts are favouring agai shnatorium approach
(Interview with chest physician, Delhi, 21.2.2008)t hospitalizing every MDR-TB patient for
the full treatment time is not feasible from a pwogmatic and potentially also ethical point of
view. The pilot site of the government for patieotsDOTS plus treatment is treating the patients
during their first week of treatment and in caseytdevelop adverse drug reactions in a separate
ward of the TB hospital with natural ventilatioropirding the infection control.

The effort that is undertaken at the first treathgte for MDR-TB patients clearly corresponds
to individualized medical care although the doctargue that India needs a conform treatment
scheme and policy for the whole country and indrald care would not be an option
(Ahmedabad, 5.2.2008). Our interviews suggest thate seems to be a trade-off between a
conform treatment regime and flexibility in treatmhend individualized care. According to a
chest physician the automatic treatment or factgyroach without patient interaction will not
be enough and doesn’'t work for the treatment otaties. There needs to be room to adapt
treatment regimes to respond adequately to bothaaleaind socio-cultural factors that depend
on the individual patient (Interview Delhi, 21.208).

The discussion on the treatment of MDR-TB reveladd the central public health debates in TB
(Walt, 1999; Porter & Ogden, 1999) around biomddiemsus socio-political values reflected in

program design becomes evident in the reactioMIBR-TB as well.

As mentioned above the TB program in India has be#itized by scholars and some public
health experts we interviewed for being driven simngly by biomedical values (Porter &

Ogden, 1999; Interviews: chest physician, Delhi,22008; medical anthropologist, Mumbai

31.1.2008; senior health activist, Bangalore, 2838), thus reducing the goal of care for the
patient to cure as defined by the guidelines andiged in a box full of tablets. Furthermore, as
the discussions above have shown even from a poraedical perspective private medical

physicians claim that it does not allow enoughifiéity to adjust treatment regimes. However,

individualized and context specific care might met feasible with the current public health

systems in place in India and the government arghasthe program needs to have strong

7 A person who is put on DOTS treatment can trantmitlisease as long as he/she is sputum positieeMDR-
TB patient put on a regular DOTS treatment will thowme to be sputum positive, maybe less during stime. There
will be a fall and rise phenomenon in the bacihd. First maybe 20% of the bacilli will stay infiecs, then these
resistant ones rise to 40%. The initial improvenisithen followed by worsening. Then the patierggatum
positive again and then she/he is transmitting oedystant organisms because the sensitive onesdied
(Interview with chest physician, Delhi, 21.2.2008).
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guidelines in order to keep up quality standardd empe with the weak health system. The
debate thus remains unsolved and continues fdrehement of MDR-TB.

3.2.4 Preventing MDR-TB

Prevention of MDR-TB is expected to be the besttegly and many of the public health experts
we interviewed emphasize the importance of ensuttiadg) patients adhere to the standard TB
treatment as one of the crucial factors preverntiiiR-TB.

In addition to compliance and diagnostic challengesor prescribing practices in the private
sector where 70% of the patients seek initial ineatt are further creating failure cases which are
breeding drug resistance. Due to the unregulataadrenaf the private sector there is hardly any
data on these patients available that often ontgss public health services at an advanced stage
of the disease.

Thus, in the last couple of years the Indian TBqgyohas been shifting towards more substantial
inclusion of the private sector and NGOs into thegpam in order to strengthen existing control
efforts. The policy implies that private physiciacan now refer TB patients to microscopy
centres and become DOTS providers (Interview: nakdafficer, RNTCP, Government of
Andhra Pradesh, 21.1.2008). In this way they kéer ppatients, can charge for consultations,
but the patient receives the drugs free of chafde idea originated in a private hospital in
Hyderabad, where a well-known and highly respectegst physician was running a pilot project
on involvement of private practitioners since 19@8ded by DFID and the WHO. Initially the
government of India opposed the involvement ofgevpractitioners but after the pilot project in
Hyderabad had attracted interest of the WHO andfalimved by many more pilot sites across
the globe and several operational research stididsshown its importance (among others the
work of a group of medical anthropologists has bedénential in India), WHO Geneva finally
developed a policy in 2001 for involvement of ptevgractitioners in DOTS and subsequently
the government of India included it in its RNTCRtérview chest physician, private hospital,
Hyderabad, 12.3.2008).

This is a good example of the initial resistanceéhef RNTCP against new ideas from the field
and the strong influence of the WHO. In additionsiiows the importance of individual

entrepreneurs with personal relationships into éidtureaucratic levels.
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4. Flexibility and innovation in reactingto MDR-TB

The above discussion shows that there is a domibeletf from the government’s side that
flexibility in reacting to a public health challemgnight not be operationally feasible given the
constraints of the Indian public health contextpéits outside the TB program push for more
flexibility and criticize what they perceive as isgance to change. This is nicely illustrated by th
following quotes of eminent figures in TB control Andhra Pradesh about the role of change
and innovation within the TB program:

“...the program is too rigid for any kind of innova. ..The state officials, program
managers are so narrow minded, the minute you mertkie word innovation, they back
offt ‘Why innovation? Everything is there in theidglines!” (Interview head of
international NGO India officel0.3.2003.

“...very vertical, very, very telescopic and miaopic in their vision!” (Interview chest
physician, private hospital, Hyderabad, 12.3.2008)

“The first step of the government is denial, yombard them with statistics they open up
a bit, then third stage is they claim you are nbbwing solutions, then you show the
solution; then: our country is so big, we don’t wam act fast...” (Interview public health
consultant, international NGO, Hyderabad, 24.3.2008

“We have to keep pace with the organism, the sybtsrto change and adopt, the simple

organism is trying to play with us, we can do..,va@e that strength, given opportunity..”

(Interview public health consultant, internation&GO, Hyderabad, 24.3.2008)
Thus the emergence of MDR-TB brings one of the npmimts of critique of the TB control
program in India from actors outside the governmenthe surface: an inherent rigidity and
resistance towards change and new ideas. Thescatgue that there is a lack of flexibility in
implementation and treatment guidelines, a lackeskarch for improvement and in general a
lack of openness in attitude or awareness for atiaptto local contexts, changing circumstances
or emerging challenges. According to a medical rapblogist most of the emerging problems
that TB control in India is now facing are actuatigmemade, based on the lack of flexibility of
the TB program in dealing with changing environnsgiMumbai, 31.1.2008).
The government officials at the state levels ai@cimed for narrowly following guidelines,
focusing on targets and numbers. “...program officdrsy are only interested in their numbers:
how many detected? How many on treatment? How ncangd? How many defaults? That's
all”” (Interview with chest physician, private hotg, Hyderabad12.3.2008). The Central TB
Division and WHO are accused of being mainly conedrwith the figures, cure and detection
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rates. At the state level there is a lack of adgpthe program to local needs and constructive
communication between state and national level aragmanagers is missing (Interview with
medical anthropologist, Mumbai, 31.1.2008).
Several TB experts who wanted to introduce chang@ew solutions to the TB program
complain about the resistance they encounter flemgbvernment, about introduction of social
aspects like communication skills, inclusion ofikceociety and the private medical sector into
the system or collaborations with the pharmacelsieetor (Interviews: Public health consultant,
international NGO, 24.3.2008; chest physician, ggevhospital, Hyderabad, 12.3.2008). It is also
criticized that the main decision-making power hagh the central TB officer in Delhi and that
an equal participation of stakeholders is lacking.
“When | wanted to introduce social aspects into slggetem -we need to understand social
factors it is a social problem- they were callinge m fool, the program is about
Rifampicirt® etc!* (Interview with public health consultant, ternational NGO,
Hyderabad 24.3.2008)
But one also has to acknowledge the perspectitieegbublic health policymaker: Any change in
the program implies a huge operational effort andlementation needs an enormous amount of
resources, training and time given the size ofgtegram and the country. As the discussions
around MDR-TB have shown, implementation of chanigesot easy given constraints by the
health system, lack of absorptive capacities, natitvm, stewardship and the widely common
political rivalry between state and centre governim@nterview with microbiologist, research
foundation, Mumbai, , 2.2.2008). In addition, pglichange has to be framed and shaped very
carefully, because demand is created immediatellyvathdrawing from a policy change if it
turns out not to be successful becomes very diffi¢interview with health economist,
Tuberculosis Research Centre (TRC), Chennai, 1208)2

Clearly, the success and the huge operational gndeaf the RNTCP are recognized by every
public health specialist and it is not contesteat standardization and guidelines are essential.
But it is argued that the program would need tot sfaing much more operational research and
allow constant revision and more flexibility withithe broader framework and its
implementation. It is felt that there is a need imtroduce flexibility and learning while

implementing and to work around the above mentiodeallenges and eventually overcome

'8 One of the main drug molecules of the anti-TB drug

25



them (Interview with public health consultant, mmational NGO, Hyderabad, 24.3.2008).
However, it remains a bit unclear how this couldpbactically done. It would thus be useful to

examine in more detail instances of change in tineent TB control efforts.

Such experimentation could be in the form of imgments in program implementation such as
the initial pilot projects on the involvement ofetlprivate sector which led successfully to a
policy shift (as mentioned in chapter 3.2.4).

Another example comes from a NGO in Hyderabad widekeloped several so-called “TB
models” to improve program implementation. Theyatee the concept of sputum collection
centres to overcome accessibility barriers (inlraraas these are geographical barriers in urban
areas these are operational barriers as for exaog@eing hours of microscopy centres) and
improved the transportation of sputum samples lgirgdanother chemical to make the sample
transportable for a greater length of time (Intewwiwith head of national NGO, Hyderabad,
16.2.2008). These innovations in implementationehlbgen taken up by the government (again
supported by personal relations) and are in thega®of being implemented.

Further room for potential novelty is created by tbxistence of new funding opportunities
(mainly the Global Fund to fight AIDS, Tuberculosts Malaria). One of the most visible
reactions was the formation of a national TB cotigor consisting of the largest Indian NGOs in
the field of TB trying to become a primary recipiesf the donor monéy. Currently, there is
room for change because of shared pressure from \&tOStop TB partnership and regained
international attention (Interview with microbiolsg Pune Foundation for Medical Research
(FMR), Mumbai 2.2.2008). In accordance with thelanges MDR-TB offers an opportunity to
reintroduce flexibility into the control system.

These instances reflect a broader understandiniginaivations for infectious diseases going
beyond scientific and technological novelty invalyimore service and delivery aspects. This
corresponds to an emerging strand of literaturenealthcare innovation (Cunningham, 2005;
Consoli et al., 2006; Den Hertog, Groen & WeehuiZ805; Koch & Hauknes, 2005) which has

provided useful insights into the processes behimbvation in healthcare, albeit focused

19 But the mechanism of the GFATM is such that theegoment is controlling the country level mechan{€&M)
and thus India’s application for support for TB trohby the GFATM. This years’ call is asking fargport from the
civil society but the government is not applying émy financial funds from the GFATM. This is judbby many
NGOs in the national TB consortium as a very ambgaove (Interview with public health consultan®TH India,
Hyderabad, 24.3.2008). There seems to be a latldgfgal ego and rivalry involved
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entirely on health systems in Europe. It will bépfid to test and further develop these concepts

in an Indian context in a next step.

With regard to flexibility in responding to changihealth challenges the following seems to be
apparent based on the fieldwork conducted so far:

The emerging reactions and discussions around MBRh&t have been examined above: show
how difficult it is for the TB program to be morkexible in integrating local contexts or reacting
to changing challenges such as MDR-TB given bargrd constraints of the public health and
wider social system and the strong protocols infitarethe TB program.

Thus, the critique on the TB control structure esponds to international policy claims for
flexibility in infectious disease control. But items that the flexibility is understood in a slight
different way: The international policy claims aegdor preparation of various different
capacities in order to be able to react flexibleetoerging challenges and be able to innovate
when it is needed. Whereas this is certainly nedédethe TB control mechanisms in India as
well it is argued that there is a lack of opentadie towards innovation and inputs from different
actors. Thus, public health experts outside theegomwent argue for flexibility in learning and
experimenting to improve an existing control stametand for more flexibility within the existing
program and treatment regime itself. Furthermdney tsuggest that one of the reasons for the
emergence of MDR-TB is actually this lack of fleily in the existing control structure. It is
thus not only the flexibility in response to anaxial challenge that is needed but beyond that

flexibility in dealing with existing problems in der to avoid emergence of new challenges.

It is believed that concepts such as innovation femdbility in response to emerging infectious
diseases have to be analyzed in greater detaidier ®o understand what they could imply in a
field level context and to better inform nationaldainternational policy claims. They seem to
contain idealistic assumptions about the normatalee of innovation and flexibility in public
health systems. The case of MDR-TB shows that night be justified according to actors
outside the government. But it also shows that dhderstanding of what innovation and
flexibility mean can be different. Furthermorehdés to be investigated how exactly rigidities and
perceived inflexibilities hamper learning and fleikty in response as claimed by some of the

interviewees.
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A further exploration of innovation and flexibilitpoth from a theoretical, public policy
perspective and in further empirical research ac# examples of innovation in TB control
(some of which have been mentioned above) will theisiseful. These cases of innovation might
be found in the changes that have been introdutéukei TB program since its implementation in
1995 which somehow managed to overcome initiadlitigis and system related constraints.
Applying an innovation perspective will be helpfid capture these changes in responses to
emerging challenges theoretically, making use af famther developing literature on healthcare
innovation (Cunningham, 2005; Consoli et al., 20Dén Hertog, Groen & Weehuizen, 2005;
Koch & Hauknes, 2005). Such an analysis will previdrther insights into what flexibility and
innovation can mean for a public health system eoantry like India that is confronted with an
emerging public health challenge such as MDR-TBusThit will ultimately help to explore what
public policy can do to create and strengthen mespacapacities for changing public health

challenges.

5. Conclusion

It has been claimed that emerging infectious desanhance uncertainty and that in order to
respond adequately flexibility and innovation witlnublic health systems are needed.

With these claims in mind we have been visitingdhse of MDR-TB in India. We found that the
emergence of MDR-TB is enhancing uncertainty maimith regard to the potential impact on
current control efforts and that it adds to theeadty existing uncertainty (burden of TB and
sustainability of care) that is prevalent in thentcol of the standard TB epidemic. It has been
argued that it would be helpful to further examwieich types of uncertainties prevail and how
they are responded to. In discussing how unceytammhandled and the reactions to MDR it
became clear that actors blame each other forghsons of the emergence of MDR-TB, that
many barriers to change exist within the TB constolicture and the public health system and
that classic public health debates of TB contirareMDR-TB.

Further, the emergence of MDR-TB makes clear thatlbhdian TB program, despite being a
huge endeavour and having had a certain amounuafess, is struggling with challenges
(inherent to the program and to the health and mgdeial system) that perpetuate the problem of
MDR-TB and in the same time hamper the responsartimit.
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We have seen that MDR-TB is meeting an existingrobrstructure that is criticized of being
rigid in its treatment protocols and they way itdelivered and that is accused of hampering
flexibility in reactions to new challenges that amerging. However, the flexibility that is
argued for by actors outside the government in®iwmere localized learning and experimenting
within the existing control structure.

Thus, the reactions to MDR-TB in India bring inh&rechallenges, rigidities, debates and
uncertainties within the current TB control efftotthe surface. Flexibility and innovation seem
to be needed but are difficult to realize partlgdngse they seem not to be operationally feasible.
Nonetheless, change is happening in reaction to MBRthough in bits and pieces, more in an
uncoordinated manner and mainly initiated throughttdm-up initiatives or pushed by actors
outside the ministry of health. It is in these eptes that one can start thinking about what
flexibility and innovation for TB control in Indi@ould mean in practice in order to better
understand the possibilities and the usefulnesth®indian public health system to innovate and
react flexible to emerging challenges such as MIBR-T

6. References

Alan, B. 2003. "CIHR Research: SARS: Make No Mistak here Will Be a Next Time,"
Healthcare Quarterh\6: 4, p. 21-22.

Banerjee, D. 1993. "A Social Science Approach tergthtening India’'s National Tuberculosis
Programme,Ind. J. Tub40, pp 61-82.

Benatar, S.R. 2003. “Global Poverty and Tubercstdsiplications for Ethics and Human
Rights” In: Gandy, M. & A. Zumla (edsTihe Return of the White Plague: Global Poverty
and the ‘New’ Tuberculosi&/erso: London, New York, p. 222-235.

Chakraborty, A. K. 2003. “Kpansion of the Tuberculosis Programme in Indiali¢§oEvolution
towards Decentralization and IntegrationT. C. f. H. R. a. D. (CHRD). Pune, The
Maharashtra Association of Anthropological Scien@¢8AS).

China Tuberculosis Control Collaboration. 1996. s&les of directly observed short-course
chemotherapy in 112 842 Chinese patients with sqpesitive tuberculosis,The Lancet
347.8998, p. 358-362.

Central TB Division. 2007TB in India. RNTCP status repo€entral TB Divison, Directorate
General of Health Services, Ministry of Health &ainily Welfare, India.
http://tbcindia.org

Central Tb Division, 2008IB India. RNTCP status repo&entral TB Divison, Directorate
General of Health Services, Ministry of Health &ainily Welfare, India.
http://tbcindia.org

Consoli, D. et al. 2005. “Progress in Medicine: Btaucture and Evolution of Know-How for
the Treatment of GlaucomedZRIC Discussion Papel)niversity of Manchester.

29



Cunningham, P. 2005Irfnovation in the Public Health sector: A case-staghalysis' Publin
Work Package 4: Synthesis Report.

Den Hertog, F., M. Groen & R. Weehuizen. 2005. Magealthcare Innovations: Tracing
Walls and CeilingsMERIT Research Memorandum Seri@87. Maastricht.

EASAC. 2006. Vaccines: Innovation and human hedlithe Royal Society, European

Academies Science Advisory Council.

Embo 2003. A global player for public health. Axerview with Tikki Pang, Director of
Research Policy and Cooperation at the WHO.

Eurosurveillance. 2005. “Scientists’ report outtirleuropean Priorities in tackling Infectious
Diseases,Eurosurveillance weeklselease 10:6,
http://www.eurosurveillance.org/ew/2005/050616.asp

Farmer, P. 1997. “Social scientists and the newrtibosis,”Social Science and Medicidg, p.
347-358.

Fidler, D. P. 2004. “Germs governance, and globalip health in the wake of SARSThe
Journal of Clinical Investigatiod13:6,http://www.jci.org

Glass, R. I. 2004. “Perceived Threats and Reaer§|l ScienceVI. 304, 14. May,
www.sciencemag.otg

IAVI, 2007. “Accelerating AIDS Vaccine R&D in IndigAn Assessment of Obstacles and
Possible Solutions,Policy Research Working Paphirll. IAVI Public Policy
Department and IAVI-India.

Koch, P. and J. Hauknes. 20@n Innovation in the Public Sector - today and belo

Innovation in the Public SectoP. R. N. D20. Oslo, NIFU STEP.

Lienhardt, C.; Ogden, J. & O. Sow. 2003. Rethinkimg Social Context of lliness:
Interdisciplinary Approaches to Tuberculosis Cohtrim: Gandy, M. & A. Zumla (eds.)
The Return of the White Plague: Global Poverty #red'New’ Tuberculosisverso:
London, New York, p.195-206.

Owen, J.W. & O. Roberts. 2005. “Globalization, lieand foreign policy: emerging linkages
and interests,Globalization and Healtl1:12, available from
http://www.globalizationandhealth.com/content/121/1

Meijer, I. S. M. 2008. Uncertainty and entrepremauaction. The role of uncertainty in the
development of emerging energy technologies. PleBishUniversity of Utrecht.

Meijer, I. S. M., M. P. Hekkert, et al. 2006. "Peired uncertainties regarding socio-technical
transformations: towards a frameworlkgternational Journal Foresight and Innovation
Policy 2:2; p. 214-240.

Narayanan, P. R., R. Garg, et al. 2003. "Shiftmgfocus of tuberculosis research in India,"
Tuberculosis 83-3, p. 135-142.

Neel R., Gandhi et al., 2006. “Extensively Drug-B&st Tuberculosis as a Cause of Death in
Patients Co-Infected with Tuberculosis and HIV ifRAral Area of South Africa,Lancet
368, 1575-1580.

Pompe, S. et al. 2005. “Future trends and chalkeimgpathogenomicsEMBO reportsvol 6,

No. 7.

Porter, J. and J. Ogden. 1999. "Public Health,dstand Tuberculosis. Is DOTS a breakthrough
or inappropriate strategy in the Indian context®lian Journal of Tuberculosé6, p. 3-10.

Reichman, L.B. & J. Hopkins Tanne. 2002mebomb. The Global Epidemic of Multi-Drug-
Resistant TuberculosidMcGraw-Hill: New York.

Singh, V., et al. 2002. "TB control, poverty, andnerability in Delhi, India, Tropical Medicine

and International Health B, p.693-700.

30



Udwadia, Z. F. 2001. “India’'s Multidrug-Resistantberculosis Crisis,Annals of the New York
Society of Sciencgb3b:1, p. 98-105.

Udwadia, Z. F. and L. M. Pinto (2007). REVIEW SEBLIE he Politics of TB: The politics,
economics and impact of directly observed treatne@T) in India.Chronic Respiratory
Diseaset:2, p. 101-106.

Udwadia, Z.F.; A. Hakiniyan; C. Rodriguez, et @98. “A profile of drug-resistant tuberculosis
in Bombay,”Chest110: 228.

Van Asselt, M. B. A. 2005. “The complex significanaf uncertainty in a risk era: Logics,
manners and strategies in udefernational Journal for Risk Assessment and Mamagnt
5:2/3/4, pp. 125-158.

Van Asselt, M. and E. Vos. 2006. "The Precautiornigiciple and the Uncertainty Paradox."
Journal of Risk Resear@h4, p. 313-336.

Walker, W. E., et al. 2003. “Defining uncertainfyconceptual basis for uncertainty
management in model-based decision-suppbrtggrated Assessmeftl, pp. 5-17.

Walt, G. 1999The Politics of Tuberculosis: The Role of Procass$ Bower. Tuberculosis: An
interdisciplinary perspectivel. D. H. Porter and J. M. Grange. London, Imp&alege
Press: 67-98.

WHO. 2003. Communicable Diseases Clustevww.who.int

WHO. 2003b. “Global defence against the infectidisease threat” Kindhauser , M.K. (ed.)
Communicable Diseas@902, WHO/CDS/2003.15, Geneva.

WHO. 2005. Combating Emerging Infectious Diseases in the Skatt Asia RegidhDelhi,
WHO regional office South-East Asia.

WHO, 2008. Global Tuberculosis control — surveillance, plangiand financing WHO Report
2008. WHO/HTM/TB/2008.393, available at
http://www.who.int/tb/publications/global_report&en/index.html

31



The UNU-MERIT WORKING Paper Series
2008-01Science, Technology and Development: Emerging ptmesd visionby Luc Soete

2008-02Reframing technical change: Livestock Fodder SdtgardRevisited as Innovation
Capacity ScarcityPart 1. A Review of Historical and Recent Experesixy Andy Hall,
Rasheed Sulaiman V., Mona Dhamankar, Peter Bezlagngy& Leela Prasad

2008-03Rreframing technical change: Livestock Fodder SdtardRevisited as Innovation
Capacity Scarcity. Part 2. A Framework for Anagylsy Andy Hall, Rasheed Sulaiman,
V. and Peter Bezkorowajnyj

2008-04reframing technical change: Livestock Fodder SdtgardRevisited as Innovation
Capacity Scarcity.Part 3. Tools for Diagnosis amstltutional Change in Innovation
Systeméy Andy Hall, Rasheed Sulaiman and Peter Bezkomyyaj

2008-09s Inter-Firm Labor Mobility a Channel of Knowleddgpillovers? Evidence from a
Linked Employer-Employee Pari®sl Mika Maliranta, Pierre Mohnen & Petri Rouvinen

2008-06 Financial Constraints and Other Obstacles:Are tl@yhreat to Innovation Activity?
By P. Mohnen, F.C. Palm, S. Schim van der Loeff Andliwari

2008-07Knowledge-based productivity in ‘low-tech’ indussi evidence from firms in
developing countrieby Micheline Goedhuy#orbert Janz and Pierre Mohnen

2008-08The Voyage of the Beagle in Innovation Systems .Eaptbrations on Sectors,
Innovation, Heterogeneity and SelectimnMartin Srholec & Bart Verspagen

2008-0Crafting Firm Competencies to Improve Innovativerf@@nance by Boris Lokshin,
Anita van Gils & Eva Bauer

2008-10 The Economics and Psychology of Personality Traits by Lex Borghans, Angela Lee Duckworth,
James J. Heckman & Bas ter Weel

2008-11 Embedding Research in Society: Development Assistance Options for Supporting Agricultural
Innovation in a Global Knowledge Economy by Andy Hall

2008-12 Playing in Invisible Markets: Innovations in the Market for Toilets to Harness the Economic Power
of the Poor by Shyama V. Ramani

2008-13Explaining Success and Failure in DevelopntgnAdam Szirmai
2008-14Running The Marathohy William Cowan, Robin Cowan and Patrick Llerena

2008-15Productivity effects of innovation, stress and abilationsby Rifka Weehuizen, Bulat
Sanditov and Robin Cowan

2008-16Entrepreneurship and Innovation Strategies in IGMES in Enlarged Europe (EU25)
by Kaushalesh Lal and Theo Dunnewijk

32



2008-17Knowledge Transfers between Canadian Business fides and Universities: Does
Distance MatterBy Julio M. Rosa & Pierre Mohnen

2008-18Multinationals are Multicultural Units: Some Inditans from a Cross-Cultural Study
by Nantawan Noi Kwanjai & J. Friso den Hertog

2008-19The Innovativeness of Foreign Firms in Chimg Branka Urem, Ludovico Alcorta and
Tongliang An

2008-2Beyond the emission market: Kyoto and the inteomai expansion of waste
management firmBy lonara Costa, Asel Doranova and Geert-Jan Egnho

2008-21The ‘making of’ national giants: technology and govnents shaping the international
expansion of oil companies from Brazil and Chimga Flavia Carvalho and Andrea
Goldstein

2008-22f the Alliance Fits . . . : Innovation and Netwdpkynamicsby Robin Cowan & Nicolas
Jonard

2008-23Facing the Trial of Internationalizing Clinical Tals to Developing Countries: With
Some Evidence from Mexibg Fernando Santiago-Rodriguez

2008-24Serving low-income markets: Rethinking Multinatibr@2orporations’ Strategiesby
Shuan SadreGhazi and Geert Duysters

2008-25A percolation model of eco-innovation diffusione thelationship between diffusion,
learning economies and subsidi®g Simona Cantono and Gerald Silverberg

2008-26New Europe’s Promise for Life Sciend®sSergey Filippovand Kalman Kalotay

2008-27A closer look at the relationship between life etpecy and economic growthy
Théophile T. Azomahou, Raouf Boucekkine, Bity Diene

2008-28Regional Capital Inputs in Chinese Industry and Mi@cturing, 1978-2003y Lili
Wang & Adam Szirmai

2008-29orker remittances and government behaviour inrdeeiving countriedy Thomas
Ziesemer

2008-30strategic motivations for Sino-Western alliancesoanparative analysis of Chinese and
Western alliance formation drivelsy Tina Saebi & Qingin Dong

2008-31Changing Configuration of Alternative Energy Systdip Radhika Bhuyan and Lynn
Mytelka

2008-32Promoting clean technologies: The energy marketcstrre crucially mattersby
Théophile T. Azomahou, Raouf Boucekkine, Phu Ngdyan

33



2008-33Local Knowledge Spillovers, Innovation and Economerformance in Developing
Countries: A discussion of alternative specificaiby Effie KesidolandAdam Szirmai

2008-34Wage effects of R&D tax incentives: Evidence frbenNetherland$y Boris Lokshin
and Pierre Mohnen

2008-35Cross-border Investment and Economic Integratione Tase of Guangdong Province
and Hong Kong SARy Naubahar Shari and Can Huang

2008-36Radical versus non-radical inventiorsy Wilfred Schoenmakers, Geert Duysters &
Wim Vanhaverbeke

2008-37.ocalized Innovation, Localized Diffusion and theviEonment: An Analysis of GO
Emission Reductions by Passenger Cars, 2000-B§@®art Los and Bart Verspagen

2008-38The economic impact of AIDS in sub-Saharan Afoigd héophile T. Azomahou, Raouf
Boucekkine, Bity Diene

2008-39%urther results on bias in dynamic unbalanced patah models with an application to
firm R&D investmenby Boris Lokshin

2008-40A multilevel analysis of innovation in developirgyuntriesby Martin Srholec

2008-41Experimentation with strategy and the evolutiondghamic capability in the Indian
Pharmaceutical Sectdsy Suma Athreye, Dinar Kale & Shyama V. Ramani

2008-42The Impact of Social Capital on Crime: Evidencenfréhe Netherlanddy I[.Semih
Akcomak and Bas ter Weel

2008-43Portrait of an Odd-Eyed Cat: Cultural Crossing asTaademark for a Dutch-Thai
Strategic Allianceby Nantawan Noi Kwanjai & J Friso den Hertog

2008-44The challenge of measuring innovation in emergiognemies’ firms: a proposal of a
new set of indicators on innovatidwy Luciana Manhées Marins

2008-49ntra-firm Technology Transfer and R&D in Foreignffilates: Substitutes or
Complements? Evidence from Japanese Multinatiomahg-by Rene Belderbos, Banri
Ito, Ryuhei Wakasugi

2008-46To Be or Not to Be at the BOP: A One-North-ManytBeModel with Subsistence and
Luxury Goodsy Adriaan van Zon and Tobias Schmidt

2008-4™Mabit Formation, Information Exchange and the Sbdweography of Demandby
Zakaria Babutsidze and Robin Cowan

2008-48Agenda Disputes and Strategic Venue Preferences: Obdha Crisis and Europe’s
Flight to Regionalisnby Francisco P. Toro

34



2008-49The determinants of the outward foreign direct staeent of China and India: Whither
the home countryBy Paz Estrella Tolentino

2008-50Comparing Chinese and the Indian Software MNCs: &xia and Export Market
Strategies and their Interpldyy Jorge Niosi and F. Ted Tschang

2008-51Internationalising to create Firm Specific Advangag Leapfrogging strategies of U.S.
Pharmaceutical firms in the 1930s and 1940s & ImdRharmaceutical firms in the
1990s and 20008y Suma Athreye and Andrew Godley

2008-52nternationalization and Technological Catching W Emerging Multinationals: A
Case Study of China’s Haier Groupy Geert Duysters, Jojo Jacob and Charmianne
Lemmens

2008-53India’s Outward Foreign Direct Investments in Stewlustry in a Chinese Comparative
Perspectivdoy Nagesh Kumar and Alka Chadha

2008-54Internationalization Trajectories — a cross countgymparison: Are Large Chinese and
Indian Companies differenBy Fabienne Fortanier and Rob van Tulder

2008-55=uropeanisation strategy of Chinese companiés: perils and promisedy Sergey
Filippov and Tina Saebi

2008-56Public capital, income distribution and growlly Yoseph Yilma Getachew

2008-57Growth with Endogenous Migration Hump and the Muétj Dynamically Interacting
Effects of Aid in Poor Developing Countrieg Thomas Ziesemer

2008-58Nanotechnology Publications and Patents: A Reviéwsacial Science Studies and
Search Strategiedy Can Huang, Ad Notten and Nico Rasters

2008-59%Vhen a good science base is not enough to creatpeatdive industries: Lock-in and
inertia in Russian systems of innovatlmnRajneesh Narula and Irina Jormanainen

2008-6QAlliance block composition patterns in the micraglenics industryby Geert Duysters
& Charmianne Lemmens

2008-61FDI and Innovation as Drivers of Export Behaviowirm-level Evidence from East
Asiaby Ganeshan Wignaraja

2008-62Russia’s Emerging Multinationals: Trends and IssweSergey Filippov

2008-63Working remittances, migration, accumulation andwgth in poor developing countries
by Thomas H.W. Ziesemer

2008-64The Innovative Performance of Alliance Block MembeEvidence from the
Microelectronics Industrypy Geert Duysters, Charmianne Lemmens, Wilko Liettand
Wim Vanhaverbeke

35



2008-65~ormal and informal external linkages and firmshovative strategies. A cross-country
comparisonby Isabel Maria Bodas Freitas, Tommy Clausen, Roldeontana and Bart
Verspagen

2008-66The Heteregeneity of MNC’ Subsidiaries and Techmo®Bpillovers: Explaining positive
and negative effects in emerging econorhieénabel Marin and Subash Sasidharan

2008-67EU enlargement and consequences for FDI assistdaksinal developmertty Rajneesh
Narula and Christian Bellak

2008-68Private Capacity and Public Failure: Contours ofvestock Innovation Response
Capacity in Kenydy Ekin Keskin, Mirjam Steglich, Jeroen Dijkmardafindy Hall

2008-69 earning Networks Matter: Challenges to Developlrgprning-Based Competence in
Mango Production and Post-Harvest in Andhra Praddsidia by Laxmi Prasad Pant,
Helen Hambly Odame, Andy Hall and Rasheed Sulaivhan

2008-70Global Migration of the Highly Skilled: A Tentatiaed Quantitative Approachy Theo
Dunnewijk

2008-71Public Capital and Income Distribution: a Marriagef Hicks & Newman-Reathy
Yoseph Yilma Getachew

2008-7Zxport Demand Elasticities as Determinants of GrowEstimates for Mauritiusy
Alexis Habiyaremye and Thomas Ziesemer

2008-73A percolation model of the product lifecyiy Koen Frenken, Gerald Silverberg and
Marco Valente

2008-74Normative Power is in the Eye of the Beholder: Ampkical Assessment of Perceptions
of EU Identity at the WT®y Elisabeth De Zutter and Francisco Toro

2008-79Developing internationally comparable indicators tbe commercialization of publicly-
funded researchy Anthony Arundel and Catalina Bordoy

2008-76Flexibility and innovation in response to emergimjectious diseases:. Reactions to
multi-drug resistant Tuberculosis in Indy Nora Engel

36



