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ABSTRACT

Background

The Immune Reconstitution Inflammatory Syndrome (IRIS) is a relatively frequent complication in patients who
start ART and it has, over all, not been consistently described before. We made a systematic review and meta-
analysis to obtain its incidence and lethality.

Methods

We included retrospective and prospective cohorts that unspecifically evaluated IRIS in HIV-infected adults
initiating HAART, with a minimum follow-up of 6 months. We searched LILACS, PUBMED, Cochrane Library,
SCOPUS and Google Scholar databases, and assessed study quality with the Newcastle-Ottawa Scale (NOS).
Rates were estimated with a 95% confidence interval using binomial distribution random-effects pooled model.
Results

We included 8,124 patients from 8 different countries. IRIS incidence ranged from 38%. to 314%o patients, with a
170%o patients as pooled index. It was most common in patients with a baseline T CD4+ <100 cells/mm3 and from
high-income countries. Pooled mortality and lethality were 10%. and 4%, respectively. Mortality was more
frequent in patients with <100 cells/mm3 T CD4+ baseline count and in middle-income countries. Lethality was
slightly higher in patients with lower T CD4+ baseline count, regardless of where they came from.

Conclusions

We found a high overall IRIS incidence in HIV HAART -naive patients, higher in <100 cells/mm3 T CD4+ baseline
cell count group. Nonetheless, it varies according to studied population and clinical context. Moreover, lethality
was homogenous in all studies. We consider further research on costs on diagnosis and management of IRIS should
be done so that cost-effective interventions to avoid this phenomenon can take place.

MeSH terms: Immune Reconstitution Syndrome; HIV infections; HAART; Meta-Analysis; Humans.
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Table 1. Studies characteristics

Number Sex Age Baseline viral Baseline CD4+ Inciden Letha Criteria
Author, year Country CCBI ) . . ] NOS
of patients  (female)  (SD) load® (SD) count” (SD) ce lity*  diagnosis
Musselwhite L  South Africa Upper-
) ) 276 92 36.3 (9.7) 5.37 (0.52) 36.67 (30.55) 225%0  8.1% NS 6
(2016)%° and Mexico  middle
Thambuchetty N ] Lower- 627 313%o
India ] 256 36.6 (7.8) 5.93 (0.82) 210 (89) 43% NS 7
(2017)% middle 599*
; 99
Espinosa E ) Upper- 5.528 (5.02—
Mexico ) 76 NS 35.2(8.7) 50.5(22.5-100.3) 303%  13% NS 7
(2010)% middle 5.87)
) 249
Ratnam | (2006)2 UK High 199" 98 35.2(7.8) 4.6 (3.7-5.2) 174 (82-285) 221%0 NS NS 6
Haddow LJ ) Upper- 498
South Africa ) 123 35.3(8.1) 5.0 (4.4-5.6) 106 (53-165) 255%0  5.3% Haddow et al 8
(2012)% middle A77*
Kumarasamy N ) Lower- Male 35.5 (7.9) Male 5 Male 126.3 (25.8)
India ) 1972 460 51%o NS NS 7
(2008)% middle Female 32.8 (8.6) Female 4.8 Female 141.5 (24)
o Shelburne et al
Klotz SA (2009)® Ethiopia Low 2610 568 34 (11.9) 89 102 (77) T4%o 5.4%
Robertson et al
. ) 80
Zaidi 1 (2012)2¢ Gambia Low - 46 41 41 96.7 (98.4) 282% NS Haddow et al 6
Kumarasamy N ) Lower-
India ) 3184 1003 34.8 (13.4) NS 109.33(89.74) 38%o NS NS 6
(2008)%" middle
Janssen S Upper- 101
Gabon ) 67 38.6 (12) 4.86 (0.1) 167 (137.6) 83%o 0% INSHI 7
(2017)% middle 60*
. Upper-
Zheng Y (2014)*® China T 238 65 38.3 NS NS 197% NS INSHI 6
middle

*|_ethality was estimated between those who developed IRIS. *Number of patients who completed follow-up by the end of study, if mentioned in the article.

3Measured in log10 PMeasured in cells/mm?

CCBI: country classification by income, NS: not specified, INSHI: International Network for the Study of HIV-associated IRIS, NOS: NewCastle-Ottawa Score




Table 2. Analysis of subgroups for incidence of IRIS

Variables No. of studies | Events | No. of | Incidence® 12 p value
patients | (95%IC) (%)
ccesl
High 1 44 199 221 (165-285) - -
Upper-middle 5 251 1097 215 (166-268) 72 | 0.00
Lower-middle 3 408 5755 110 (25-245) - -
Low 2 94 1073 82 (66-99) - -
Period
2001-2010 5 361 6433 107 (64-159) 97 | 0.00
>2011 6 436 1691 230 (179-285) 82 | 0.00
CD4+ baseline count®
<100 4 110 750 218 (139-309) 76 | 0.00
>100 640 7886 140 (66-236) 99 | 0.00
Global 11 797 8124 170 (104-248) 98 | 0.00
°Expressed in cases per 1000 patients. @Measured in cells/fmm3
CCBI: country classification by income.
Table 3. Analysis of subgroups for mortality of IRIS.
Variables No. of studies Deaths | No. of | Mortality® | 17 (%) p value
patients | (95%IC)
Ccsl
High 0 - - - - -
Upper-middle 4 14 859 13 (5-25) 15 0.00
Lower-middle 1 599 13 (6-26) - -
Low 1 4 1073 4 (1-10) - -
Period
<2010 7 1078 3(0-8) - -
>2011 4 19 1453 12 (6-19) 0 1
CD4+ baseline count?
<100 3 8 483 15 (2-39) - -
>100 3 18 2048 9 (3-18) ) )
Global 6 26 2531 10 (3-19) 59 0.00

°Expressed in cases per 1000 patients. 2Measured in cells/mm3

CCBI: country classification by income.




Table 4. Analysis of subgroups for lethality of IRIS.

Variables No. of studies Deaths | No. of | Lethality° | 17 (%) p value
IRIS (95%IC)
cases
CcCBI
High 0 - - - - -
Upper-middle 4 14 204 5 (2-9) 0 1
Lower-middle 1 8 188 4 (2-8) - -
Low 1 4 74 5 (1-13) - -
Period
<2010 7 97 7 (2-13) - -
>2011 4 19 369 3 (1-6) 0 1
CD4+ baseline count?
<100 3 8 90 7 (2-14) - -
>100 3 18 376 5(3-7) ) )
Global 6 26 466 4 (2-6) 0.00 1

°Expressed in deaths per 100 IRIS cases. 2Measured in cells/fmm3

CCBI: country classification by income.




FIGURE INDEX

Figure 1. Identification of eligible cohort studies of HIV-infected patients starting antiretroviral

therapy.
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Figure 2. Forest plot for incidence of IRIS.
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Figure 4. Forest plot for lethality of IRIS
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INTRODUCTION

The human immunodeficiency virus (HIV) and the acquired immune deficiency syndrome (AIDS)
continue to be a global public health issue. By the end of 2016, 36.7 million adults and children
were living with HIV/AIDS, and only in that year, it was transmitted to 1.8 million people (1).
The introduction of highly active antiretroviral therapy (HAART) to the United States of America
in 1996 and its following popularization in middle and low-income countries from 2003-2005 (2),

nevertheless, managed to lower the mortality rates and increase the survival ones in such patients.

The criteria for HAART initiation has changed over the years. In 2006, the World Health
Organization (WHO) proposed that it should be initiated in every adolescent and adult with a <200
cells/mm? T CD4+ lymphocyte count, independent of WHO clinical stage; considered in patients
with a 200-350 cells/mm? CD4+ count; and that it should not be initiated if CD4+ count was >350
cellssmm3(3). In 2010, it was recommended to treat all patients with CD4+ counts of <350
cells/mma3 irrespective of the WHO clinical stage and in patients with 3-4 WHO clinical stage (4).
In 2013, the WHO recommended HAART to be initiated if CD4+ cell count was <500 cells/mm3
(5). Finally, in 2015, the WHO stated that it should be initiated among all adults with HIV
regardless of WHO clinical stage and at any CD4 cell count (6).

Nonetheless, many related adverse events have been reported (4). One of them is the Immune
Reconstitution Inflammatory Syndrome (IRIS), which is characterized by an inflammatory
overreaction towards both infectious (e.g. M. tuberculosis, C. neoformans and Herpes Zoster) and
non-infectious antigens (4). It presents in two forms: unmasked and paradoxical. The former is
caused by an immune response to a subclinical or latent pre-HAART opportunistic infection (Ol),
while the latter presents as clinical worsening of an Ol for which the patient was being treated
before initiation of HAART. This syndrome is associated to a CD4+ count increase and an
inflammatory mediator release as a response to HAART. Therefore, such patients present a greater
risk of developing complications, followed by an increase in risk of admission, prolonged hospital

length of stay and mortality (7).

The incidence and mortality of IRIS have not been defined well, several studies have reported

values with great variation between them. Incidence can variate from 10 to 25% for unmasked
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IRIS and from 10 to 45% for paradoxical IRIS (8), and mortality, from 3 to 20% for both (9). Even
though IRIS cases have been described in such studies, it has not been adequately done as a whole,
complex syndrome. Regarding Peru, few studies about incidence of cases have been reported. The
two that were found had pediatric patients as study subjects only, none of them were included in
this systematic review and meta-analysis (10,11). On the other hand, possibly associated factors
(e.g. baseline T CD4+ lymphocyte >100 cells/mm?®) have been found to variate, similarly to
incidence and mortality, depending on the settings of the population in study, for instance,
socioeconomic context (12).

In spite of its limited efficacy evidence, therapy management with corticosteroids has been
associated with clinical improvement and resolution of IRIS. Its use is currently recommended in
severe presentations, such as secondary mass effect due to JC virus, Cytomegalovirus vitritis and
Kaposi’s sarcoma; and infections caused by Mycobacterium avium complex (MAC),
Mycobacterium tuberculosis (MTB) and Cryptococcus neoformans (12-16). Moreover, its use is

not recommended some infections, such as Hepatitis B or C infections (14).

A previous IRIS systematic review (17) reported a 16.1% (CI1 11.1-22.9) incidence and a 4.5% (CI
2.1-8.6) lethality. However, paradoxical IRIS was not distinguished from unmasked for the
mentioned etiologies. The importance of this study lies in the fact that, as mentioned before, the
findings may vary depending on clinical and population context (12,17), and that new articles
about IRIS and evidence concerning HAART initiation have been published in these 7 years since
the last systematic review. Thus, this new information was included in a new analysis for an update
on IRIS.

The following systematic review and meta-analysis determined the incidence, mortality and
lethality of IRIS in HIV-infected patients starting ART, in countries of low, middle, and high
income according to country classification by income (CCBI) of the World Bank (18), baseline T

CD4+ lymphocyte count, and the year the study was made.
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METHODS

Study selection

We included all retrospective and prospective cohort studies (with a minimum of 10 subjects) that
unspecifically evaluated IRIS in HIV-infected adults (>18 years) initiating HAART, with a
minimum follow-up of 6 months. Such studies were obtained from original articles, letters to the
editor, conferenced abstracts and grey literature. Whenever two or more studies described the same
HIV patients on a HAART cohort but at different periods of time, the one with the greater sample

size was selected.

Studies that restricted their population to only subjects with previously diagnosed concomitant
infections (other than HIV), for which they were already on treatment before starting ART, were
excluded as the rate of the inflammatory syndrome would be larger and not representative of the
general HIV HAART-naive patients. Similarly, those studies that only reported the rate of IRIS of
one organ or system (i.e. ocular, brain, respiratory) or by type of infectious etiology (i.e.

cytomegalovirus, mycobacterium tuberculosis) were excluded.

Literature search and selection LILACS, PUBMED, Cochrane Library, SCOPUS and Google
Scholar databases were searched using the terms listed in Appendix 1. We used EndNote X7 to
create a database of our own with the results and began by eliminating duplicates. Then, we
continued to select and filter articles by title and abstract. Those that were selected were read on
their full-text version. We discarded each that didn't meet our inclusion criteria (i.e. not HAART-
naive patients, not a cohort, etc.), studied a cohort another article did with a greater sample size
and whose authors didn't respond to our e-mails asking on information about their article when it
wasn't unavailable online. Second and last, we proceeded to eliminate the remaining ones that
were <6 points on the Newcastle-Ottawa scale, as will be explained further below. All tasks were
done independently by two of the authors (FAC, DFB), having the third author (CCA) to guide

the former two towards a consensus in case of disagreement.
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Data extraction

We extracted information from each article to create a table in Microsoft Office Excel 2016,
including information about the article [author, year of publication, language, country, CCBI
according to World Bank at the moment of publication and IRIS diagnosis criteria (APPENDIX
2)], about the study (start and end of follow-up date, number or participants, ethnic groups, loss of
follow-up), about the patients [average age, HAART regimen, baseline T CD4+ lymphocyte count
average, viral load average, percentage of patients in AIDS stage, IRIS classification (unmasked
and paradoxical)], proportion and lethality of the patients who developed IRIS (incidence of
reported IRIS cases until the end of follow-up and how many of them died), information about
interventions (corticoid therapy (yes/no), the number of patients who received it, its regimen and
number of deaths after it if the article provided with that information). In case of absence of needed

data, we proceeded to send an e-mail to the corresponding authors of such articles.

Quality assessment

The evaluation of quality for each study was performed with the Newcastle-Ottawa scale (NOS)
for cohort studies (see Appendix 3), which is a 9-point scale with 3 different categories: selection,
comparability and outcome. Each category has items of their own: the first has 4
(representativeness of the exposed cohort, selection of the non-exposed cohort, ascertainment of
exposure, demonstration that outcome of interest was not present at start of study), the second has
1 (comparability of cohorts on the basis of the design or analysis) and the third has 3 (assessment
of outcome, length of follow-up enough or not for outcome to occur, adequacy of follow-up of
cohorts [defined as <10% loss of follow-up]). We defined "good quality" as a score of >6 points
over 8, since we excluded the "selection of a non-exposed cohort” item as all studies included
HAART-naive patients.
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Statistical analysis

We performed a pooled analysis for proportions based in a binomial distribution and under the
random effects model (19). First, we reported the overall analysis for incidence, mortality and
lethality and then proceeded with the subgroup assessment by: CCBI, CD4+ baseline count and
year of study. We used forest plot graphics and 12 statistical formula for heterogeneity.

Ethical and other aspects

The protocol of this study was approved by the Ethics Committee of Universidad Peruana de
Ciencias Aplicadas on April 25", 2016 (P1008-16). The protocol was uploaded to Prospero under
the code CRD42018084446, available at
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018084446
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RESULTS

The search was made on March 1st, 2016 in databases of LILACS, PUBMED, Cochrane Library,
SCOPUS and Google Scholar, followed by an update on PUBMED search up to January 15",
2018. We identified 48 original articles, of which 11 were eligible for this paper (figure 1).

A total of 8,124 patients were included in the analysis, 2778 were female (34.2%), the mean age
was 36 years, and they came from 8 different countries: one study from one high-income country
(UK), five studies from 4 upper-middle-income countries (Mexico, South Africa, China and
Gabon), three from one lower-middle-income country in common (India) and 2 from low-income
countries (Gambia and Ethiopia). Mean baseline count of T CD4+ was 132 cells/mm?® and mean

viral load was 17log10.

Incidence of IRIS was heterogenous and ranged from 38 per 1000 patients (95% CI 31-45) (20)
to 314 per 1000 patients (95% CI 277-353) (21), with a pooled rate of 170 per 1000 patients (95%
Cl; 104-248) (figure 2). It was most common in patients with a T CD4+ baseline count of <100
cells/mm3 (21,31,32,34) with 218 per 1000 patients (95% CI 139-309; 1>=76%) and in those who
came from high-income countries with an incidence of 221 per 1000 patients (95% CI 165-285),
followed by the upper-middle-income group with 218 per 1000 patients (95% CI1 156-288%) (table

2). Moreover, it was found that it was more incident in more recent studies with 230%. (95% CI
179-285).

In the analysis for mortality (figure 3) out of 6 studies that informed their number of deaths due to
IRIS, a lower heterogeneity is seen with a global mortality of 10 deaths per 1000 treated patients
(95% CI 3-19; 1?’=59%). The highest was reported by Espinosa E with 39 deaths per 1000 treated
patients, while the lowest was found in Janssen’s study with O reports of deaths due to IRIS. It was
more frequent in patients with a <100 cellsymm3 T CD4+ baseline count (15 per 1000 patients, CI
2-39) and who came from middle-income countries (13 per 1000 patients, 95% CI 5-25 and 6-26
for upper-middle and lower-middle-income scenarios, respectively).

Concerning the lethality of IRIS (figure 4), all the studies were homogenous for this outcome and
the pooled rate was 4 deaths per 100 IRIS cases (95% CI 2-6; 1°=0%), being the highest 13% (CI
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18-29) in Espinosa’s study and the lowest, Janssen's with 0% (CI 0-52). Lethality was the same
on all CCBI subgroups (4-5%) and it was slightly more common in patients with lower T CD4+
baseline count with 7% (95% CI 2-14) and before 2011 with also 7% (95% CI 2-13).

The subgroup incidence analysis by CCBI shows a majority of upper-middle-income country
studies (4/10), in which variable incidences were obtained, being Janssen S the study with the
lowest (83 IRIS cases per 1000 treated patients) and Espinosa E (303 cases per 1000 treated
patients) the study with the highest, and a global incidence of 215 cases per 1000 treated patients
(C1 166-268) for such subgroup. Because of the limited number of studies in both high-income
and low-income countries (1 and 2 studies, respectively), whether CCBI can statistically modify

IRIS incidence cannot be accurately determined.

Concerning IRIS diagnostic criteria (Appendix 2), out of the 11 selected studies, only 5 of them
used established and validated criteria while the lasting 6 used a compendium of different ones.
Two of the 4 used Haddow et al (30), other two used International Network for the Study of HIV-
associated IRIS criteria (INSHI) (17,29) and one used both Shelburne et al (31) and Robertson et
al (32). About IRIS classification, also four studies classified their events as unmasked or
paradoxical, out of 369 events, 92 were unmasked (24.9%) and 118 were paradoxical (40%), the

remaining ones weren't categorized.

Eight studies (8,20-25,27) reported starting ART with standard regimen in HIV-patients, receiving
nucleoside reverse transcriptase inhibitors (NRTIs) plus non-nucleoside reverse transcriptase
inhibitors (NNRTIs). Of these studies, Musselwhite et al (20) selected subjects from CADIRIS
Trial (33), receiving 50.6% of total patients (135/267) CCRS5 antagonist maraviroc as an adjuvant
to standard ART regimen with no significant effect on occurrence of IRIS. Likewise, Espinosa E
et al (22) reported 7 patients (9.2%) who received protease inhibitor without ART regimen

response analysis.

The studies that took place between 2001 and 2010 (8,22,24-25,27) showed both lower incidence
and mortality with 107 IRIS cases and 3 deaths per 1000 treated patients, respectively. Meanwhile,
those that took place on 2011 and forward, reported higher rates with 237 IRIS cases and 12 deaths
per 1000 treated patients. However, this was different for lethality, since it was higher in the former

subgroup (7 deaths per 100 IRIS cases vs. 3 deaths per 100 cases), as mentioned before.
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The Newcastle-Ottawa (NCO) scale was used for quality assessment of each study (Appendix 3)
with 6 points over 8 as cut-off point, excluding the “selection of a non-exposed cohort” item, since
all studies included HAART-naive patients. Five studies had a score of 6, five had a score of 7
and one study had a score of 8. The main reason for subtracting points was adequacy of follow-up
of cohorts (outcome category, item 3). In addition, almost half of studies (20,22,23,26) followed

patients for 6 months only, while others did it for longer (> 1 year).
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DISCUSSION

This systematic review found a high incidence of IRIS (170%o) but shows a significant variability
depending on CCBI, year of study and baseline T CD4+ cell count. According to the selected
cohorts, incidence can range from 38 per 1000 patients (CI 31-45) (20) to 314 per 1000 patients
(CI 277-353) (21). Lethality, on the other hand, was homogenous with a pooled overall rate of 4
deaths per 100 patients (95% CI 2-6; 1°=0%), regardless of subgroups, where the rates were almost
the same (table 4).

Concerning baseline T CD4+ cell count, this study coincides with most of the previous IRIS
reviews (16,34-35), which report that a low pre-HAART baseline cell count (<100 cells/mm3) is
associated with higher IRIS incidence and mortality, as seen in table 2 and 3. This fact is reflected
on the 218%o. (95% CI 139-309; 1>=76%) incidence and 15%. (95% CI 2-39) mortality in such
subgroup vs. the 140%o (95% CI 66-236; 1?=99%) incidence and 9%o (95% CI 3-18) mortality on
those with >100 cell/mma3 baseline cell count. However, not every study on this systematic review
could be included in the meta-analysis for this subgroup owing to the absence of mortality data in
5 studies (8,20,24,26,29).

Regarding the incidence of IRIS by CCBI (country classification by income), although the highest
incidence seems to occur in high-income (8) and upper-middle-income scenarios (20,22,23,28)
with 221%o (95%CI 165-285) and 215%o0 (95% Cl 166-268; 1°=77%), respectively, there is no
clear tendency for IRIS to be more incident as the country income improves. This is due to the
fact that the study that took place in a high-income country (UK) featured a majority of recent
migrants from a lower income setting (eastern/southeastern Africa) as study subjects. Thus, the
tendency could be biased. Nonetheless, it is known that higher income countries tend to have better
resources for diagnosis and management of diseases compared to their resource-constrained

counterparts, where subrreporting and subdiagnosis happen more often.

Furthermore, mortality was higher in middle-income countries with 13%o (95% CI 5-25 and 6-26).
Nevertheless, we must remark that no high-income country studies mentioned their death rates
and that the only study coming from a low-income country that did (Klotz), might have had a

greater lethality since, according to the authors, a majority of the patients who required
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hospitalization for an IRIS event were lost to follow-up. Pooled lethality, on the contrary, was
constant in subgroup analysis regardless of loss of follow-up and since it was 4%, it may imply
that most of IRIS episodes are either well managed or self-limited regardless of the setting where

it occurs.

The multiple IRIS diagnostic criteria (appendix 2) used in some studies (23,25,26,28), and lack of
referencing in others represent a significant information bias as some events might have been
incorrectly categorized as IRIS, since there is no standardization for this syndrome’s diagnosis,
which means it depends on clinical consensus criteria of the committee of each study most of the
time (17,30-33). Consequently, a possibility to either overestimate or underestimate the proportion
of patients who develop IRIS remains, which may have also reflected on the studies heterogeneity
for incidence. As mentioned before, only 5/11 studies mentioned the diagnostic criteria they used
for IRIS and two pairs used the same: Haddow et al (23) and Zaidi et al (26) used Haddow et al
criteria, and Zaidi | et al (28) and Janssen et al (29) used INSHI criteria.

The last systematic review and meta-analysis by Muller et al in 2010 reported a high incidence of
IRIS cases in HAART-naive patients and a relatively low lethality depending on the severity and
self-limitation on the reported cases, the medical management and whether there was or not an
adequate follow-up process, etc. This lethality, which was similar to the one in our study, implies
that the better representativeness of these patients is found in the incident ones requiring medical
attention. Therefore, new studies on determining a consensus for this syndrome's diagnostic
criteria and management should be carried out. No other systematic reviews and meta-analyses

searching for such outcomes were found.

We acknowledge the fact that as this is a systematic review and meta-analysis, we are prone to the
information bias immanent to each study that may have led to an underreport or overreport of IRIS
cases. Another factor contributing to this is the lack of consensus for this syndrome's diagnostic
criteria, which may have influenced on the heterogeneity for IRIS incidence, as we already
mentioned. Thus, the reason why an absolute value for IRIS incidence would not be significative
of all HIV-patients. Moreover, since a limited number of studies from both high-income and low-
income countries was retrieved, whether CCBI can statistically modify IRIS incidence cannot be
accurately determined. This is important over all in the latter setting, where a high incidence of
HIV is reported. Therefore, there is a need of more studies in such settings to better define these

subgroups' rates.
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The main assets of our study rely on the update on previous information, since the last systematic
review was published 7 years ago. In addition to this, we estimated the incidence ranges of IRIS
in @ more precise way since the outcome was evaluated in unselected patients of every setting,
rather than only or predominantly in subgroups that may have had a higher probability of
developing this syndrome (patients in AIDS stage, patients with opportunistic infections, and other
associated pathologies); and also, where IRIS was studied as a whole syndrome with each of its
many etiologies instead of studies where a particular one was the outcome of interest. All in all,
new, unreported information on IRIS was provided and presented systematically in this article.

In terms of management, we know it is still in ongoing research. Corticoids have been used mostly
in severe presentations of IRIS (11-12,14-15). No statistically significant information was
obtained in this study seeing that only Musselwhite LW et al (20) specified use of corticoids in a
total of 9 patients. Even so, whether this measure had a positive impact on IRIS lethality couldn’t
be assessed as evaluation of response to such therapy, administered dosage and other data of
interest were not specified. Four out of 10 cohorts report a total of 92 admissions to healthcare
facilities due to IRIS (23,25-26), being Klotz SA et al the ones who held the highest rate as 43%
of the admissions in their study were because of this syndrome (74 out of 172) (25). The authors
mention that in their experience, specifically in Ethiopia, IRIS was a common cause of admission.
In fact, it was the most common cause of hospitalization after initiation of HAART, while
treatment of an opportunistic disease was the most common cause prior to it. The high proportion
of hospitalizations may be due to the urgency of early treatment of their most common IRIS
etiologies: tuberculosis and cryptococcal meningitis. It must be noted, though, that developing

IRIS is associated with an increase of risk of hospitalization, sometimes as much as three-fold (36)

According to the Joint United Nations Programme on HIV and AIDS (UNAIDS), it is estimated
that US$ 26.2 billion will be required for HIV/AIDS patient care by 2020 (37). However, broad
research on costs for IRIS inpatient management hasn't been carried out yet. Despite this fact, it
should be noted that the broad diversity of this syndrome's clinical presentations and complications
needs a multidisciplinary medical management, for which measures that allow both standardized
diagnosis and early management of IRIS should be implemented to decrease IRIS lethality.
According to Liu et al, the hospital burden that IRIS implies may decrease over time as early
diagnosis and rapid ART onset increases, joined to follow-up and control of HIV-patients,
preventing subsequent intercurrences during permanent treatment with ART, reducing morbidity,

hospitalizations and costs in HIV-patient care with IRIS (38-39).
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Lastly, for this reason as well, we suggest that studies on costs for diagnosis and treatment of IRIS
should be made, seeing that HIV patient admissions count for a great part of the expenses on the
management and care of these patients as previously mentioned (40). Moreover, it should be
considered that the majority of these are due to HAART adverse effects and IRIS (41). It is
important that healthcare centers are not only prepared to afford these costs and be correctly
implemented for the management of these patients, but to also look for cost-effective

measurements to lessen the former.
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CONCLUSIONS

We found a high overall IRIS incidence in HIV HAART-naive patients, higher in those who have
a <100 cellsymm® T CD4+ baseline cell count. Nonetheless, it varies according to studied
population and clinical context, which is why one absolute value would not be representative of
all HIV patients around the world. Lethality, on the other hand, was homogenous in all studies,
which means most of IRIS episodes are either well managed or self-limited regardless of the

setting where it occurs.

We emphasize the necessity of standardization for IRIS diagnostic criteria and its use on research
and daily practice for efficient and early diagnosis of IRIS. Moreover, we consider further research
on costs of diagnosis and management of IRIS should be done so that cost-effective interventions

to avoid this phenomenon can take place.
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APPENDIX 1: Supplementary files

Search method according to biomedical database.

PUBMED/
Cochrane Library

(e ((antiretroviral agentsfMeSH Terms]) OR highly active antiretroviral therapy[MeSH
Terms]) OR zidovudine[MeSH Terms]) OR inhibitors, reverse transcriptase[MeSH Terms]) OR
nevirapine[MeSH Terms]) OR efavirenz[MeSH Terms]) OR haart[Title/Abstract]) OR
((antiretroviral[Title/Abstract]) AND therapy[Title/Abstract]))) OR (((((((hiv[MeSH Terms])
OR AIDS[MeSH Terms]) OR acquired immune deficiency syndrome[MeSH Terms]) OR
acquired immune deficiency syndrome virus[MeSH Terms]) OR HIV[Title/Abstract]) OR
AIDS[Title/Abstract]) OR (((acquired[Title/Abstract]) AND immune[Title/Abstract]) AND
deficiency[Title/Abstract])))) AND (((immune reconstitution inflammatory syndrome[MeSH
Terms]) OR IRIS[Title/Abstract]) OR (((immune[Title/Abstract]) AND
((reconstitution[Title/Abstract]) OR restoration[ Title/Abstract])) AND
((disease[Title/Abstract]) OR syndrome[Title/Abstract]))))) NOT ((animals[MeSH Terms])
NOT humans[MeSH Terms])

(TITLE-ABS-KEY (iris) OR TITLE-ABS-KEY ( "reconstitution syndrome" ) OR TITLE-
ABS-KEY ( "restoration syndrome” ) ) AND (( TITLE-ABS-KEY (hiv) OR TITLE-ABS-
KEY (aids) OR TITLE-ABS-KEY ( "acquired immune deficiency"”)) OR ( TITLE-ABS-

SCOPUS . .
KEY (haart) OR TITLE-ABS-KEY ( "antiretroviral therapy" ) OR TITLE-ABS-KEY (
"antiretroviral agents" ) OR TITLE-ABS-KEY ( nevirapine ) OR TITLE-ABS-KEY (
zidovudine) OR TITLE-ABS-KEY ( "reverse transcriptasa™) ) )
LILACS Reconstitucion inmune” and (TARGA or VIH)
"Immune reconstitution inflammatory syndrome™ AND "incidence” AND "cohort" AND
Scholar "haart" AND "hiv" AND "ART" OR "antiretroviral therapy" OR "antiretroviral agents" AND

"reverse transcriptase” AND naive -animals
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APPENDIX 2: IRIS DIAGNOSTIC CRITERIA

1) International Network for the Study of HIV-associated IRIS (INSHI) (17)

Case definition for TB-associated IRIS in resource-limited settings
Antecedents

- TB-diagnosis according to WHO guidelines before starting ART
- TB should have stabilized or improved before starting ART

Clinical criteria

New enlaging lymph nodes, cold abscesses or other focal tissue involvement

- New or worsening radiological features of TB

New or worsening CNS tuberculosis
- New or worsening serositis

Exclusion of alternative cause

- Failure of TB treatment (non-compliance or resistance)
- Other opportunistic infection or neoplasm
- Drug toxicity reaction

2) Haddow et al (30)

Case definition 1

A) Atypical presentation of opportunistic infections of tumors in patients responding to
ART, including

- Localized disease (eg. Lymph nodes, liver, or spleen)

- Exaggerated inflammatory reaction (eg. Severe fever or painful lesions)
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- Atypical inflammatory response (eg. Granulomas, suppuration, necrosis, or

perivascular lymphocytic inflammatory cell infiltrate)

- Progression of organ dysfunction or enlargement of preexisting lesions after
definite clinical improvement with pathogen-specific therapy prior to ART and

exclusion of treatment toxicity and new diagnoses
B) Decrease in viral load (VL) >1 log 10 copies/mL

Minor criteria

A) Increased CD4+ cell count

B) Increase in an immune response specific to the relevant pathogen (eg. Delayed-type
hypersensibility [DTH] response to mycobacterial antigens)

C) Spontaneous resolution of disase without speecific antimicrobial thrapy or tumor

chemotherapy with continuation of ART

Case definition 2

A) New onset of worsening symptoms of an infection or inflammatory condition after start
of ART

B) Symptoms not explained by
- Newly acquired infection
- Predicted course of previously diagnosed infection
- Adverse effects of drug therapy

C) Decrease in VL >1 logio copies/mL

Note: Must have both major A and B, or both major criterion A and any 2 minor criteria. Must

meet all of the criteria.

3) Shelburne et al (31)

Criteria for IRIS diagnosis include:

1. HIV-infected patient
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2. Receiving effective ART as evidenced by a decrease in HIV-1 RNA concentration from
baseline or an increase in CD4+ T cells from baseline (may lag behind HIV-1 RNA

decrease)
3. Clinical symptoms consistent with inflammatory process

4. Clinical course not consistent with expected course of previously diagnosed opportunistic

infection, expected course of newly diagnosed opportunistic infection, or drug toxicity
4) Robertson et al (32)

Required criterion

a) Worsening symtoms of inflammation/infection
b) Temporal relationship with starting antiretroviral treatment

¢) Symptoms not explained by newly acquired infection of disease or the usual course of a
previously acquired disease

d) >1 log 10 disease in plasma HIV load

Supportive criterion

a) Increase in CD4+ cell count of > 25 cells/mm?®

b) Biopsy demonstrating well-formed granulomatous inflammation or unusually exuberant

inflammatory disease.
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APPENDIX 3 : COHORT QUALITY ASSESSMENT WITH NEWCASTLE-OTTAWA SCALE

Cohorts
Ratnam I, |Zaidi I[Haddow |Klotz SA Janssen S Espinosa E,[Kumarasamy [Musselwhite [Kumarasamy [Zheng Y|Thambuchetty
o 2006 2012 LJ, 2012 2009 2017 2010 N, 2008 (a) |L, 2016 N, 2008 (b) |(2014) |N, 2017
Criteria
Representativeness of the * i * * * * * * * * *
exposed cohort
Ascertainment of Exposure [ - * * * * * * * * *
Demonstration that outcome|
of interest was not present athke * * * * * * * * * *
start of study
The study controls for age* * * i * * * * * *
and sex
The study controls for at least * * * i * * * * i *
3 other factors
IAssessment of Outcome - * * * * * * * * *
\Was follow-up long enough* * * * * * * * * * *
for outcomes to occur?
IAdequacy of follow-up of_ * * * i * i i * i
cohorts
OVERALL SCORE |6/8 6/8 8/8 6/8 7/8 7/8 7/8 7/8 6/8 6/8 7/8
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