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SUMMARY
Background
Measles is one of the most important preventable public health
problems across the world. This is attested by the high burden of the
disease and mortality despite the availability of efficacious vaccines
delivered through well-developed vaccination programmes. As late
as August 2018, WHO confirmed measles in 181 of 194 member
states during the first 8 months of the year alone.1 Unfortunately, the
11 countries comprising the WHO South-East Asia Region had the
largest burden, with over 63 000 suspected cases and more than
42 000 confirmed cases. Among these, India alone had an estimated
38 500 confirmed cases,1 reflecting the highest burden. It is interesting
that although measles was declared eliminated from the USA in 2000,
cases have been reported every year since then. This ranged from
37 in 2004 to 667 in 2014.2 In the USA, the occurrence of three or
more epidemiologically linked cases is termed an outbreak.

Analysis of some of the latest outbreaks in the USA reported that
the 2008 outbreak was related to the rapid spread of infection in
communities having unvaccinated individuals. The 2011 spike was
related to the importation of cases from France, where there was
a large outbreak. The year 2014 witnessed an unprecedented 23
outbreaks that were explained by spread among unvaccinated
individuals as well as importation from the Philippines.2 Similarly in
2013, there were 11 outbreaks including one in New York city. Of
late, a group of investigators meticulously reported the public health
consequences of this outbreak in the article being reviewed and
critically appraised.

The article
The article gives a detailed epidemiological investigation of a measles
outbreak, containment measures and the financial cost of these
activities. An unimmunized adolescent returned to New York city on
13 March 2013; within 10 days, suspected measles cases began to be
reported to the healthcare system—both by astute clinicians and
laboratories notifying positive results. Detailed contact tracing was
done. Based on presumed or confirmed immunity against measles,
contacts were quarantined at home during their infectious period. All
exposed contacts were offered measles, mumps and rubella vaccine
if they were identified within 3 days of exposure or immunoglobulin
within 6 days of exposure. Additionally, vaccination was anticipated
to 6 months (from the usual age of 12 months) for infants residing in
the affected communities.

The outbreak lasted about 12 weeks and affected 58 individuals—
all belonging to a close-knit community residing in two areas of New

York. In addition, over 3300 exposed individuals were identified.
Laboratory confirmation was available for 48 of 58 cases, whereas
the other 10 cases were based on epidemiological linkage to laboratory-
confirmed cases. None of the affected individuals were immunized,
although 78% were eligible for vaccination. The remaining were
infants who had not reached the age of routine measles vaccination.
Over 70% of the affected cases belonged to eight extended families,
and over 50% of cases probably acquired the infection from a family
member. Less than 50% of cases were suspected as measles when
they presented to the healthcare system and over a third of the cases
did not present to the system at all.

Three-quarters of the exposed contacts had direct or indirect
evidence of immunity against measles, while about one-fourth were
deemed susceptible. A total of 191 individuals received timely
administration of vaccine/immunoglobulin, thereby breaking the
transmission chain.

Extensive physician and public education was conducted by
facilitating heightened clinical suspicion, quarantine measures, rapid
laboratory diagnosis and sensitization of the general public.

The total financial cost of investigating, managing and containing
the outbreak over a period of 12 weeks was about US$ 400 000. Of
this, 84% was related to workforce costs on account of >10 000 work-
hours spent by 87 personnel across diverse disciplines. The expenses
in the non-workforce domain comprised only 16% of the total, with
almost half of this being spent on advertising.

COMMENT
Critical appraisal

This article reports a meticulous epidemiological investigation
starting from a single case of measles. Although the precise details
of the source case are sketchy (in terms of age, symptoms, features
bringing him to the attention of the public health system, basis for
suspecting measles, etc.), all subsequent cases were investigated
to identify the possible sources of exposure, infectious period and
possibility of further spread. Robust criteria were used to define
confirmed cases, suspected cases and contacts. Laboratory
investigations to confirm measles included anti-measles IgM
antibodies by ELISA and also real-time-polymerase chain reaction
for detecting measles virus RNA. Further, measles virus genotyping
was undertaken, which confirmed that 17 cases had the same type
as was circulating in the UK (where the source case had travelled).
These methodological refinements confirm the internal validity
and raise confidence in the data.

Vaccination records of cases and contacts were also reviewed,
besides the detection of anti-measles IgG antibodies to confirm
protection. This is much superior to the presumption of immunity
based on self-reported vaccination (which is the usual practice).

Cost calculations included expenses related to equipment,
consumables, logistics, staff salaries, vaccine/immunoglobulin,
courier/postage services and public health advertising. Staff salaries
were related to work-hours spent in four domains, namely
epidemiological investigation, outreach to the community,
laboratory activities and administrative functions. Costs of items
were calculated by adding the actual expenses, while staff costs
were calculated by retrospectively counting the self-reported
work-hours spent on managing the outbreak. On balance, the
methods used for calculating costs in this study and the total cost
reported appear to be similar to other such outbreaks in the USA.

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 32, NO. 3, 2019 153



154 THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 32, NO. 3, 2019

For example, the total cost of managing a single case in Iowa state
in 2004 was about US$ 142 000,3 and containment of an outbreak
with 34 cases in Indiana state in 2005 was about US$ 168 000.2

Similarly, California had an outbreak with 12 cases that cost about
US$ 125 000,4 and roughly US$ 330 000 was spent on two
outbreaks involving 13 cases in Utah state.2 In contrast, the
management of 16 outbreaks across the USA in 2011 had a cost
estimate ranging from US$ 2.7 to 5.3 million.5

Implications for public health in India
This epidemiological investigation has several lessons for public
health in India (with reference to measles as well as other infectious
diseases). In the New York outbreak, all the cases occurred in
people who were unvaccinated. It is well known that high
population immunity permits measles to be contained and hopefully
eliminated. Thus, in developed countries, outbreaks are generally
restricted to unvaccinated individuals and communities.

In India, the bulk of measles reported during the 12 months
from July 2017 to June 20186 occurred among children between
1 and 9 years of age, followed by older children (11–14 years) and
infants <1 year. Few cases were reported among adults, although
this would indicate lower health-seeking behaviour as well as
poorer sensitization among physicians caring for adults (as
compared to paediatricians). The majority of cases had no (or
unclear) measles vaccination; however, cases occurred among
those who had received one and even two doses of vaccine.6

This leads one to wonder about the population-level immunity
in India. Older persons are presumed to be protected through
natural infection acquired years/decades before, while infants,
children and adolescents are expected to be protected through
vaccination and/or development of subclinical or frank measles.
Unfortunately, population immunity across various age groups
has not been studied in detail. This lacuna is being addressed by
a team of investigators based at the Postgraduate Institute of
Medical Education and Research (PGIMER), Chandigarh, in
collaboration with the University of Michigan, USA. A
representative sample of individuals from birth to 60 years of age
residing in Chandigarh underwent evaluation of vaccination
status (by record and recall) and testing for anti-measles IgG
antibodies. The preliminary analysis suggests pockets of
susceptibility across all age groups even among those who were
vaccinated or recalled having measles.

In contrast, the vaccination status of infants is readily available
through the National Family Health Survey (NFHS) series. The
2015–16 NFHS-4 report suggests that 83.2% of infants between
1 and 2 years received measles vaccine.7 This represents a
significant increase from 58.8% in the survey conducted 10 years
ago.8 This heartening trend was observed for other vaccines also.
It is encouraging that there were small differences between rural
and urban children and boys and girls in the latest survey.
However, there were stark differences based on maternal education
status, religion, caste and economic status. The average figure
also masks the wide variation between states such as Nagaland
with 50% measles vaccination and Goa with over 96% coverage.
In such a scenario, the average vaccination coverage for a whole
country, or state or even a district, is meaningless unless the range
is presented and the pockets with poorest immunization are
identified. Only then can measles be contained. In other words,
the public health focus (and consequent strategies) must shift
from merely enhancing coverage, to identifying and managing the
pockets of susceptibility.

One serious limitation of the NFHS estimates of measles

vaccination coverage is that it describes only vaccination status
among 12- to 23-month-old infants without giving the actual age
of vaccination. The New York outbreak (the article being reviewed)
showed that infants who were eligible, but delayed vaccination,
also suffered from measles. This highlights the necessity of
estimating vaccination timeliness rather than coverage alone. A
recent report highlighted the considerable gap between vaccination
coverage and timely immunization with routine vaccines
administered in India.9

Another issue, highlighted in the present study, is that over
20% of cases occurred among infants before the age of vaccination.
In India, clinical experience and isolated reports suggest that
measles occurs among infants younger than 9 months of age. This
is not surprising considering that small hospital-based studies at
Chandigarh as well as a large population-based study have all
shown that infants lose protective maternal antibodies as early as
3–6 months of age.10–14 This raises the question whether anticipated
vaccination could protect this vulnerable segment of the population.
However, earlier vaccination in infants could be compromised by
the unpredictable presence of maternally derived antibodies that
will interfere with the infants’ immune response, which in turn
will necessitate additional closely spaced doses. The optimal age
for anticipated measles vaccination in India is being currently
addressed through a randomized controlled trial that compares
seroprotection through vaccination at 6 months, 7.5 months and
the conventional 9 months.15

What are the implications of the cost calculations in this study
for a country such as India? Although the overall cost of containing
the outbreak in New York cannot be directly compared to the
expected cost in India, some aspects deserve attention. The cost of
extensive laboratory investigations was only the equivalent of
US$ 0.65 million (`6.5 lakhs), which indicates the existence of a
well-designed laboratory set-up with ready availability of
equipment, consumables and disposables. The cost for laboratory
testing is likely to be much higher in India. On the other hand, the
cost of each dose of vaccine was about US$ 1400 (presumably this
includes disposables required to administer the vaccine as well),
which is much lower in India. One interesting point is that the total
expense for using government vehicles over 12 weeks was merely
US$ 32. This is expected to be several fold higher in India.

Conclusion
This report highlights a multipronged approach involving assiduous
epidemiological investigation, community mobilization, public
health advertising, rapid administration of vaccine/immuno-
globulin and overall tight administration to effectively contain the
spread of measles among susceptible individuals in a developed
healthcare system. The real-world financial cost is overshadowed
by the huge scale of public health benefit.
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Assessing functional capacity before major
non-cardiac surgery
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Canada.) Assessment of functional capacity before major non-
cardiac surgery: An international, prospective cohort study. Lancet
2018;391:2631–40.

SUMMARY
This prospective cohort study compared the subjective assessment of
functional capacity with other preoperative risk prediction strategies
such as Duke Activity Status Index (DASI), peak oxygen consumption
(pVO

2
) from cardiopulmonary exercise testing (CPET) and N-terminal

pro-B-type natriuretic peptide (NT-pro-BNP) levels for predicting
30-day mortality and myocardial infarction after elective non-cardiac
surgery.

A total of 1401 patients, 40 years or older with at least one risk
factor for cardiac complications (history of cardiac failure, diabetes
and stroke) or coronary artery disease scheduled for elective non-
cardiac surgery under general or regional anaesthesia or both were
recruited. An anaesthesiologist subjectively assessed their functional
capacity in terms of metabolic equivalents (METs) and categorized as
poor (<4 METs or uncertain), moderate (4–10 METs) or good (>10
METs). They also completed DASI questionnaire, pVO

2
 measured

by CPET and a blood sampling for NT pro-BNP levels to assess
functional capacity before surgery. The primary outcome was 30-day
mortality or myocardial infarction. A secondary outcome was death
or myocardial injury within 30 days after surgery. Other outcomes
measured were moderate or severe complications during the initial
hospital stay and death within 1 year of surgery.

Among 1401 patients, 28 (2%) died or had myocardial infarction;
176 (13%) died or had myocardial injury within 30 days and 38 (3%)
died within 1 year after surgery. During hospitalization, 194 (14%)
had moderate or severe complications as assessed by the modified
Clavien–Dindo classification. Respiratory failure, pneumonia, surgical
site infection, re-exploration and unplanned ICU (intensive care unit)
admissions were frequent complications.

In subjective assessment, 107 (8%) patients had poor functional
capacity, but in CPET, 230 (16%) had pVO

2
 <14 ml/kg/minute

(equivalent to <4 METS). The subjective assessment of poor functional
capacity had sensitivity of only 19.2% (95% CI 14.2–25.0) in
identifying patients with pVO

2
 of <14 ml/kg/minute. Moreover, the

subjective assessment had no correlation with any of the study
outcomes. DASI was the only preoperative assessment that showed
a correlation with both primary and secondary outcomes. Peak
oxygen consumption by CPET showed correlation with moderate or
severe postoperative complications but not with other outcomes. NT-
pro-BNP levels predicted death or myocardial injury within 30 days
and deaths within 1 year of surgery.

COMMENT
The assessment of functional capacity or exercise tolerance (ET)
is an important component of risk stratification in a patient
undergoing major surgery. Perioperative morbidity and mortality
is high in those with poor functional capacity.1 The identification
of patients with low functional capacity allows referring them for
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