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FIGURE 2: Original reports critical appraisal.
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This review was not designed to estimate mortality rates, and
according to the inclusion criteria, only reports with deaths were
analyzed. This may overestimate the mortality, as reports aiming
to estimate mortality, but not observing death, would never be
considered in the analyses. Nevertheless, the CHIK-F mortality
estimation remains a topic of discussion. Although it is believed
that CHIK-F has a low lethality, there is evidence that deaths
attributable to CHIK-F are underreported®’, and during CHIK-F
epidemic periods, the excess of all-cause mortality in the general
population may increase by 1%, or more than the expected mortality,
especially in individuals belonging in the extreme age groups®7.

The CHIK-F intra-hospital lethality varies considerably, ranging
from 4% to 29%'71°2657.71° Also, there is evidence pointing that the
lethality in critically ill CHIK-F group of patients is higher than that in
all critically ill patients in the intensive care units (ICU)***, although
this may be controversial when adjusting lethality for severity
scores?**. When compared to CHIK-F overall lethality, specific
groups, such as advanced age and decompensated comorbidities,
may have increased lethality'”, but again this is controversial when
adjusting for the Acute Physiology and Chronic Health Evaluation
(APACHE) II score (which age is one of its predictors)®.

So far, there are very few studies adjusting for the effects of
predictors of death. Nevertheless, there is a mix of data pointing to
similar clinical features of disease severity observed in this review
leading to hospitalization of CHIK-F cases. There is evidence
pointing to a higher rate of hospitalization of CHIK-F patients when
compared with the general population, and this is more evident in
the extreme age groups*’*”75, and with diabetes or hypertension®*’.
Additionally, there is a clear trend of disease severity proportion
being higher in older patients'”¥3, Also, there is evidence that
subjects with a typical presentation are less likely to be hospitalized,
and subjects with signs of bleeding, vomiting, leukopenia, severe
arthralgia, with neurological findings, or in the extreme age groups
are more likely to be hospitalized®”’>7¢. Although comorbidities and
unusual CHIK-F presentation are more frequent as age increases,
there seems to be a small effect of age on hospitalization even
when adjusted for comorbidities’. Additionally, diabetes-specific
mortality also increased during CHIK-F epidemic’ as patients
with CHIK-F and diabetes had a higher proportion of severe
infection when compared with those without diabetes'. A similar
interpretation is possible with systemic hypertension'”.

The more frequent observation of severe cases in the extreme
age groups can be explained by the lack of maturity in the immune
system in newborns and a gradual deterioration of the immune
system in old age. This phenomenon compromises the host’s ability
to defend against infection’.

There is evidence that CHIK-F patients admitted to ICU are
younger than patients admitted to the general ICU for other reasons.
Nevertheless, the average severity score indice de gravité simplifié
(IGS 1) is higher among CHIK-F patients*. Additionally, there were
no lethality differences among different age groups of critically ill
CHIK-F patients when adjusting for the IGS Il severity*, and the effect
of'age on lethality may be suppressed when adjusting for the APACHE
1T severity score®. However, older age may still be associated with
death in hospitalized patients even when adjusting for comorbidities'**.
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Predictors of death in a sample of elderly patients with up
to seven days of fever at the time of hospital admission were
estimated to be: sensorimotor deficit, confusion or delirium,
concurrent cardiovascular disorders, concurrent respiratory
infection, absence of musculoskeletal pain, history of alcoholism,
and concurrent digestive symptoms. The strongest predictors of
this multivariable analysis with this cohort in descending order
are concurrent cardiovascular disorders, concurrent respiratory
infection, and sensorimotor deficit*. The internal performance
of this survival model was good. However, this research did not
provide a tool for individual risk estimation and none of its results
were validated in an independent sample. The main issue with this
result is that it includes only the elderly, therefore, generalization
to the overall population is limited as older age could not be
assessed as a predictor. Another multivariable analysis conducted
with secondary surveillance data at a Brazilian Northeastern state
during an epidemic period included 383 deaths and identified the
following predictors: older age (the strongest predictor), male
sex, hypertension, diabetes, chronic kidney disease, leukopenia,
and vomiting®. These predictors were very similar to the clinical
features preceding death identified in this review.

There are case reports on septic shock exclusively related to
CHIK-V#¢.7 and case reports of very unusual presentations
preceding death such as peritonitis and intestinal perforation,
possibly also related to the use of Nonsteroidal Anti-Inflammatory
Drugs (NSAIDs)'"#. Also, population common characteristics, such
as alcohol abuse, are reported as associated to CHIK-F mortality'”.

Despite that, the incidence of unusual clinical manifestation
was estimated to be high’ (24%), the incidence of neurological
complications among CHIK-F patients is often estimated to be
less than 1%°7%% Nevertheless, different from other clinical
manifestations related to comorbidities, neurological findings
seem to be directly attributed to CHIK-F infection®?; therefore,
the presence of a neurological finding could be a worrisome
sign of potential lethality. Central nervous system disorders are
much more frequent than peripheral manifestations®. The most
common neurological manifestations in adults were estimated to be
Guillain-Barré syndrome, 64.3%; meningoencephalitis, 24.1%; and
acute demyelinating encephalomyelitis, 8.0%?*' while in children
seizure was the most common®. Of course, other less frequent
manifestations such as transverse myelitis and optic neuritis may
be observed as well”8182 Tt seems that the illness duration up to the
time of hospital admission is longer for subjects with neurological
signs®, and the time from infection to neurological manifestations
and its lethality differ®'. Guillain-Barré syndrome has the longest
time to presentation and lowest lethality while meningoencephalitis
has the shortest time to presentation and highest lethality®'. Autopsy
findings point to systemic involvement including encephalitis,
hepatitis, myocarditis, and pulmonary edema®, and it is possible
that many patients with a neurologic clinical features do not have
compatible findings at neurological imaging'®®, Nevertheless, cases
indicating the potential benefits of passive immunization when
encephalitis is present have been reported®*.

The limitations of this review are mainly related to scarcity and
heterogeneity of original data on deceased subjects. The review
included case reports, case-series, and cohort studies that are
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inherently prone to different sources of errors and misinterpretations
and have different kinds of inherent design limitations. For instance,
itis very difficult to give a comprehensive interpretation of lethality
from case-series and case reports as all the subjects of the same
population at risk of death may not be observed or the population
may not even be accurately defined and the number of deaths is so
low that estimates may be unacceptably inaccurate.

There are also limitations inherent to the interpretations of the
causes of death. In this review, as there are very few studies in the
literature estimating the effect of determinants of deaths among
CHIK-F patients, the approach was similar to the death certificates
approach. Once a death is reported, we attempted to identify
the chain of clinical events leading to death. This is somehow
different from the epidemiological approach of determinants or
predictors where the risk of death given a condition is the main
concern. It is very difficult to estimate death rates from case series
or cohort studies among the general population because, at some
point, subjects with disease progression will probably become
hospitalized. Additionally, when a subject has several conditions,
it is difficult to know which conditions are the main contributors
to death, unless a study is designed for this purpose. For instance,
when comorbidities are present, it is very difficult to accurately
determine if CHIK-F presentation is severe because of presence
or exacerbation of comorbidities, or alternatively if comorbidities
decompensate due to severe CHIK-F. As there are several studies
underreporting CHIK-F deaths, it may be that most physicians
believe CHIK-F exacerbates underlying chronic conditions leading
to death. This is particularly important while assessing CHIK-F
mortality, as CHIK-V may often not be considered the main
contributor to death.

In conclusion, data about specific events known to increase
the risk of death is scarce and heterogenecous. The same holds for
clinical events preceding CHIK-F deaths. Currently, extremes
of age, mainly the elderly, cardiovascular, neurological, or
respiratory dysfunctions, and decompensated comorbidities
are the main clinical events preceding death. Additionally,
the data point to primary dysfunctions, as the main clinical
events preceding deaths, to be more frequent than exacerbation
of comorbidities. The evidence supporting exacerbation of
comorbidities preceding deaths is stronger regarding when
comorbid systemic hypertension and diabetes are present,
although other comorbidities may be contributing. It would
be highly valuable for guidelines and recommendations to
explicitly define alarming features in CHIK-F that increase
the risk of death. This will help in justifying hospitalization or
close monitoring. Future research aimed at the development or
validation of clinical prediction tools will be of great use.
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