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Introduction
The introduction of potent combination antiretroviral
therapy in the mid-1990s has resulted in remarkable
declines in morbidity and mortality associated with HIV-1
infection in the developed world [1]. Clinical benefits
have correlated with increases in CD4+ T-cell counts and
decreases in plasma HIV-1 RNA concentrations and, with
excellent adherence to antiretroviral medications, the
benefits appear long-lived. However, some individuals
who initiate highly active antiretroviral therapy (HAART)
develop new or recurrent opportunistic infections despite
improvements in CD4+ T-cell counts and/or decreases in
plasma viral loads. In some instances, the presentation of
these illnesses has been distinctly different from that
of opportunistic infections of AIDS patients in the pre-
HAART era, often associated with a pronounced inflam-
matory response. It is believed that these illnesses, which
have been referred to as immune reconstitution syndromes

(IRS) [2], immune restoration diseases [3••], or immune
reconstitution inflammatory syndromes [4], result from
restoration of the immune system’s ability to recognize
pathogens or tumor antigens that were present previously,
but clinically occult.

The idea that enhanced immune function can cause
flares or exacerbations of pre-existing diseases is not new,
nor is it specific for the treatment of HIV-1 infection. Severe
infectious complications after immune recovery from
chemotherapy or after withdrawal of systemic steroid
therapy have been described [5]. The first suggestion that
IRS might result from treatment of HIV-1 infection
predated HAART by several years. In 1992, unusual local-
ized Mycobacterium avium complex (MAC) infections were
observed in five AIDS patients after initiation of zidovudine
monotherapy [6]. Subsequently, with the introduction of
HAART, IRS have been reported in significant numbers
of individuals, as reviewed previously [2,4,7,8,9,10].
Observations that HAART results in enhanced cellular
immunity to multiple opportunistic pathogens [11–13]
supported the notion that reconstitution of pathogen-
specific cellular immunity may provoke IRS.

Few studies have carefully documented the incidence of
infectious or inflammatory complications after initiation of
HAART. In Western Australia, French et al. [3••] retro-
spectively assessed infectious complications in 132 HAART
responders, defined as individuals who experienced a more
than 1 log10 decrease in plasma HIV-1 RNA concentration
after starting HAART. One or more disease episodes occurred
in 33 (25%) patients within 28 weeks of commencing
HAART. Most were recurrences of a previous condition and
included oral or anal herpes simplex virus (HSV) infections
(n = 9), zoster (n = 8), cytomegalovirus (CMV) retinitis
(n = 6), MAC (n = 5), molluscum contagiosum and/or warts
(n = 5), myelopathy or encephalomyelitis (n = 4), hepatitis C
virus (HCV)–related hepatitis (n = 3), and pulmonary
Mycobacterium tuberculosis (MTB) (n = 1). Nadir CD4+ T-cell
counts were significantly lower in persons who developed
infectious complications (mean = 88 cells/mm3), compared
with those who did not (mean = 237 cells/mm3).
Sungkanuparph et al. [14] reported the results of a prospec-
tive observational trial of 60 Thai AIDS patients with
a known history of cryptococcal meningitis, who were
receiving secondary prophylaxis for Cryptococcus and who
initiated HAART. Twenty opportunistic infections were
experienced by 14 (23%) of the patients during the year
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after initiation of HAART, despite good virologic responses
in most. These illnesses included MTB (n = 8), MAC (n = 3),
cryptococcal meningitis (n = 3), zoster (n = 3), toxoplasmosis
(n = 2), and genital HSV infection (n = 1).

There is no consensus regarding the diagnostic criteria
for IRS. Rarely, pathogen-specific immune reconstitution
has been demonstrated in individuals with IRS through
delayed-type hypersensitivity (DTH) skin testing or assays
for pathogen-specific immune responses before and after
initiation of HAART. However, such testing is neither
commonly available in clinical practice nor practical
to perform on a routine basis. Most experts agree that
some decrease in plasma HIV-1 RNA concentration on
HAART is critical to the diagnosis of IRS, although the
degree of suppression needed is unclear. In some instances,
such as MAC, unusual presentations of disease have
been associated with the introduction of HAART, and these
have been considered to be diagnostic of IRS. However, in
other cases, there are not clear differences in the clinical
manifestations of illnesses reported as IRS and illnesses in
untreated HIV-1–infected individuals, and diagnosis is
primarily based on the temporal relationship between
symptoms and HAART. Skepticism is warranted in many
purported cases of IRS because of lack of evidence that they
are a result of immune enhancement.

The types of illnesses that have been reported as IRS
range from well-recognized opportunistic infections and
AIDS-associated malignancies to illnesses such as Graves’
disease and sarcoidosis, which historically have not been
associated with HIV-1 infection (Table 1). In the following
text, we review the diagnosis, management, and theories
of pathogenesis of several clinical syndromes that have
been reported as IRS. All IRS discussed are infections
or malignancies that are increased in incidence among
untreated HIV-1–infected individuals, and they are among
the most frequently reported IRS in the literature. Selection
of these syndromes for review does not mean that they
are all proven to be IRS. Furthermore, lack of inclusion of
purported IRS does not mean that they are not genuine.

Mycobacterium avium Complex
The localized infections of MAC IRS are distinct from those
of MAC infection in AIDS patients in the pre-HAART era,
which usually consisted of a systemic illness characterized
by fever, weight loss, anemia, and bacteremia. Of 61 cases of
MAC IRS reviewed [3••,4,6,14–31], the most common clini-
cal presentations included focal lymphadenitis (76%) and
fever (69%). Other presentations included regional pain
syndromes such as abdominal or chest pain secondary to
lymphadenopathy, hypercalcemia, and extranodal disease
in the liver, gastrointestinal tract, skin, lungs, muscle, central
nervous system (CNS), or bone. Seventy-five percent of
the MAC IRS cases reviewed were newly diagnosed, whereas
25% occurred in individuals with a prior diagnosis and
history of treatment of MAC. Nadir CD4+ T-cell counts

were less than 50 cells/mm3 in 83% of cases (range = 4–209
cells/mm3), but substantial increases in CD4+ T-cell
counts at the time of presentation were seen frequently
(median = 132 cells/mm3; range = 12–474 cells/mm3).
Individuals without a previous diagnosis of MAC presented
a median of 18 days after initiation of HAART, whereas
those with known prior disease presented a median of
210 days after initiation of HAART. These differences in the
timing of presentation may be related to the fact that all
individuals with a prior history of MAC were taking anti-
mycobacterial drugs, whereas no individuals in the newly
diagnosed group were receiving them.

In a few cases of MAC IRS, reconstitution of mycobacteria-
specific lymphocyte proliferative responses has been demon-
strated, whereas such responses are not found typically in
individuals with disseminated MAC who are not receiving
antiretroviral therapy [6,19]. However, most diagnoses of
MAC IRS have been based on the unusual focal presentation
of MAC infection, usually diagnosed by biopsy. Of biopsy
specimens in which results from evaluations were reported,
81% stained positively for acid-fast bacilli (AFB), and 58%
demonstrated granulomata. MAC was cultured from 64% of
biopsy specimens but was found in only 32% of blood and
bone marrow cultures.

In almost all reported cases of MAC IRS, HAART was
continued. In three cases, HAART was temporarily with-
drawn [4,15,19]. In all three cases, symptoms resolved
after cessation of therapy, but recurred with reinitiation
of HAART [4,15,19]. In every case reviewed, patients
received multidrug antimycobacterial treatment regimens.
Systemic steroid therapy was used in a minority of cases to
manage painful regional lymphadenopathy [3••,24,29,30].
Symptoms usually resolved over weeks to months in newly
diagnosed and recurrent MAC IRS.

Mycobacterium tuberculosis
Worsening of clinical symptoms in MTB-infected individu-
als undergoing tuberculosis therapy has been observed in
HIV-1 seronegative and seropositive individuals [32,33].
These paradoxical reactions are thought to be the result of
enhanced MTB-specific immune responses attributed to
resolution of immune suppression induced directly by
tuberculosis [32], or to increased amounts of tuberculosis
antigens released by dead bacilli [33]. Several studies have
suggested that the incidence of paradoxical reactions is
substantially increased in HIV-1–infected individuals with
MTB infection who initiate HAART. Narita et al. [34] found
that 12 (36%) of 33 HIV-1–infected patients with MTB in a
Florida state tuberculosis hospital developed paradoxical
worsening after initiation of HAART. Importantly, six of
seven patients with paradoxical reactions who initially had
negative DTH skin test results to purified protein derivative
developed positive DTH responses during HAART therapy,
suggesting that MTB-specific immunity was reconstituted
in these individuals. In a population of 17 HIV-1 and MTB
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coinfected individuals in Madrid, Navas et al. [35] found
paradoxical worsening in six (35%) after initiation of
HAART. Initiation of HAART shortly after starting MTB
therapy and larger decrement in HIV-1 viral load were
associated with development of paradoxical reactions.
Breen et al. [36••] described paradoxical reactions to MTB
after starting HAART in eight of 28 (29%) HIV-1–infected
patients coinfected with MTB in London. Paradoxical
reactions were significantly associated with starting HAART
within 6 weeks of MTB diagnosis [36••] and with dissemi-
nated disease at baseline [36••,37]. In each of these trials,
control groups consisting of HIV-1 seropositive individuals
who were not receiving antiretroviral therapy, and/or HIV-
1 seronegative patients with MTB, had incidences of para-
doxical reactions to MTB of 0% to 10%.

Most (92%) of 57 cases [4,14,24,26,34,35,36••,37–47]
of MTB IRS described in the literature presented as recurrent
or worsening disease, whereas some (8%) were newly diag-
nosed MTB. Fever (50%), new or worsening lymphadenop-
athy (37%), and worsening pulmonary symptoms and/or
infiltrates (33%) were the most common presenting signs
or symptoms. Other findings included weight loss, acute
respiratory distress syndrome, hypercalcemia, and worsen-
ing symptoms from extrapulmonary disease (eg, CNS
lesions, abdominal pain, pleural effusions, ascites, hepato-
splenomegaly, scrotal swelling, or cutaneous lesions).
Median nadir CD4+ T-cell counts were 36 (range = 2–220)
cells/mm3. Increased CD4+ T-cell counts occurred in many,
but not all ,  patients with MTB IRS. Except in the
few cases of primary MTB IRS [4,26,39,40], all patients

Table 1. Immune reconstitution syndromes reported in HIV-1–infected individuals

Infectious processes Noninfectious processes

Pathogen Presenting symptoms Disease Presenting symptoms

Mycobacterium avium complex 
[3••,4,6,14–31]

See text Kaposi’s sarcoma [4,118–120] See text

Mycobacterium tuberculosis 
[4,14,24,26,34,35,36••,37–47]

See text Lymphoma [127] Fever, weight loss, 
lymphadenopathy, 
mass, bone pain

Mycobacterium xenopi [24] Fever, sweats, cough Sarcoidosis [7,128] Cutaneous sarcoidosis, 
erythema nodosum, 
abnormal chest 
computed tomography

Mycobacterium leprae [126] Skin plaques with 
paresthesias

Guillain-Barré syndrome [129] Leg weakness, fall, 
dysphagia, urinary 
hesitancy, conjunctivitis

Cryptococcus neoformans 
[4,28,48–59]

See text Graves’ disease [3••,4,130,131] Thyrotoxicosis

Pneumocystis jirovecii [4,28,60–63] See text Alopecia universalis [131] Total body hair loss
Histoplasma capsulatum [132] Papulo-pustular rash, 

pneumonia
Tattoo intolerance [133] Itching and scabbing 

of tattoos
Candida albicans [28] Esophageal candidiasis
Cytomegalovirus 

[4,25,28,59,66,67,69–81]
See text

JC virus [82–90] See text
Hepatitis B virus [96–101] See text
Hepatitis C virus [95,102,103] See text
Varicella zoster virus 

[4,28,106–111] 
See text

Human papilloma virus [112–114] See text
Herpes simplex virus [3••,134] Oral and genital ulcers, 

encephalitis, myelopathy
Parvovirus B19 [135] Clumsiness, dysphasia, 

apraxia
Bartonella henselae [136] Splenitis, abdominal 

pain, fever
Demodex folliculorum, 

Pityrosporon [137]
Inflammatory folliculitis

Toxoplasma gondii [28] Cerebral toxoplasmosis
Leishmania major [125] Uveitis
Leishmania infantum [138] Visceral leishmaniasis
Schistosomiasis [139] Eosinophilia
Microsporidiosis [140] Keratoconjunctivitis, 

photophobia
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were on multidrug antituberculosis regimens at the time of
clinical worsening.

The median time to presentation with a paradoxical
reaction to MTB after initiation of HAART was 15 days.
Diagnosis was generally clinical. When biopsies were per-
formed, three of seven were AFB stain–positive, and four of
eight were culture-positive [4,24,39–41,46]. Four separate
cases reported granulomata on histology [4,24,40].
Management usually consisted of continuation of anti-
retroviral therapy and antituberculosis chemotherapy.
Steroids were used in one third of cases, usually in severely
affected patients. No mortality or significant residual
morbidity were reported.

Currently, it is recommended that HAART be started at
least 2 months after initiation of antituberculosis chemo-
therapy to minimize drug interactions and to reduce the
incidence of MTB IRS [33]. Nevertheless, delaying initiation
of HAART will not completely prevent the occurrence of
MTB IRS. In the cases reviewed, 36% occurred in patients
who initiated HAART 60 or more days after starting anti-
tuberculosis therapy. Prospective, randomized trials are
needed to identify the individuals most at risk for MTB IRS
and the optimal time to initiate HAART.

Cryptococcus neoformans
Cryptococcal IRS have been reported frequently, although
estimates of their incidence are quite disparate. Two small
retrospective studies estimated the incidence of crypto-
coccal IRS at 50% (n =10) and 60% (n = 5) in patients
with a history of cryptococcal disease [48,49]. However, in
a much larger prospective study in Thailand, cryptococcal
disease recurred in only 5% of 60 patients who were receiv-
ing prophylaxis for cryptococcal disease and who initiated
HAART [14]. The reasons for these discrepant estimates
are unclear but could be attributed to selection bias intro-
duced by retrospective studies.

Of 32 cases of cryptococcal IRS reported in the literature
[4,28,48–59], most (84%) occurred in individuals with a
prior history of cryptococcal disease. Presentations of cases
of cryptococcal IRS included fever (52%), lymphadenitis
(44%), meningitis (40%), pulmonary disease (13%), cere-
bral cryptococcomas (9%), cutaneous disease (3%), or
hypercalcemia (3%). Median nadir CD4+ T-cell counts
were 29 cells/mm3, and on presentation with IRS, the
median CD4+ T-cell count was 175 cells/mm3. In cases
of recurrent cryptococcal illness, the median time from
diagnosis of primary cryptococcal disease to initiation of
HAART was 21 days, and the median time to presentation
with cryptococcal IRS was 120 days later. Individuals with
primary cryptococcal IRS presented earlier after starting
HAART (median = 30 days) than did those with recurrent
cryptococcal disease.

Diagnosis of cryptococcal IRS was usually based on
clinical grounds, specifically the new onset of crypto-
coccal disease or worsening of symptoms in individuals

who had previously responded to cryptococcal treatment.
To date, no studies have evaluated whether cryptococcal-
specific immunity is enhanced during HAART therapy.
Histology of excised lymph nodes has universally shown
yeast consistent with Cryptococcus; however, none of
11 culture results was positive. Treatment outcomes were
good with continuation of HAART in the presence
(n = 12) or absence (n = 7) of antifungal therapy. Several
patients received steroids [4,54,58] or nonsteroidal anti-
inflammatory drugs [54,55].

Pneumocystis jirovecii
Two retrospective studies estimated the incidence of
Pneumocystis jirovecii pneumonia (PCP) IRS in patients
with a history of PCP at 4.6% (n = 65) and 18.8% (n = 16)
[60,61]. Despite these high estimates, few cases of PCP
IRS have been reported. Of 15 cases of PCP IRS reported in
the literature and reviewed here [4,28,60–63], 11 (73%)
occurred in individuals with a prior diagnosis of PCP.
Symptoms and signs of PCP IRS were typical for PCP
pneumonia, including respiratory complaints, fever, and
pneumonia. Atypical presentations or findings were not
noted. Ten of 11 cases of recurrent disease presented within
17 days of starting HAART. Nadir CD4+ T-cell counts were
less than 100 cells/mm3 in 78% of patients, and follow-up
counts were not significantly changed. PCP organisms
were detected in five of six bronchoalveolar lavage and/or
transbronchial biopsy specimens [4,60,61,63]. Although
enhanced PCP-specific cellular immune responses have
been reported in HAART-treated patients [64], such studies
have not been performed in cases of PCP IRS.

The importance of attenuating the immune response
in PCP was recognized even in the pre-HAART era when
steroid therapy was recommended in severe cases [65].
In virtually all of the cases of recurrent PCP IRS reviewed
in the literature, patients had received inadequate steroid
therapy for the primary infection, or HAART had been
initiated before completion of a 3-week course of therapy
for PCP [60–63]. In most cases of PCP IRS, PCP-specific
therapy was continued or changed, and steroids were
used when symptoms were severe. HAART was temporarily
discontinued in at least two patients with refractory
symptoms [61]. Despite the severity of symptoms, all
patients recovered.

Cytomegalovirus
Inflammatory reactions to CMV have been one of the most
frequently reported IRS events in the HAART era. The
incidence of newly diagnosed (primary) CMV disease after
initiating HAART has been found to be approximately
5% in patients with low CD4+ T-cell nadirs [66,67]. In
individuals with a prior diagnosis of CMV disease, two
retrospective studies suggested that CMV IRS occurs in
4.6% to 7.3% of patients [68,69], whereas two prospective
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studies found CMV IRS in 41% to 63% [70,71] of patients.
It is possible that the prospective studies were more sensi-
tive to subtle symptoms and signs of CMV IRS than were
the retrospective studies.

We reviewed 110 cases of CMV IRS reported in the
literature [4,25,28,59,66,67,69–81]. Patients with ocular
CMV IRS usually presented with a decrease in vision and
visually significant floaters in the affected eye(s) [75].
Examination findings showed inflammatory changes not
typically seen in pre-HAART CMV retinitis, specifically
immune vitreitis or immune uveitis. Cases of nonocular
CMV IRS included pneumonitis [4,79], pancreatitis [67],
gastrointestinal disease [28,67], parotitis [4], lymphadenitis
[67], and neurological disease [28]. Nadir CD4+ T-cell
counts were uniformly less than 100 cells/mm3 in reported
cases of CMV IRS. At the time of presentation, median CD4+
T-cell counts were 119 (range = 5–780) cells/mm3 [25].
Patients with recurrent disease had usually been on active or
suppressive anti-CMV therapies at the time of recurrence.
The time to presentation with symptoms after HAART
did not differ significantly between primary CMV IRS
(median = 50 days) and recurrent CMV IRS (median = 60
days). Primary CMV IRS has been associated with detectable
CMV viremia at the time that HAART was started [66],
but the utility of assaying for CMV viremia in recurrent CMV
IRS has not been studied. Restoration of CMV-specific CD4+
T-cell responses has been demonstrated in individuals
during HAART treatment [12], but such studies have not
been performed in individuals with CMV IRS

All patients with CMV IRS were maintained on HAART.
Specific anti-CMV therapy was used in approximately
50% of reported cases, particularly in those with primary
CMV IRS. Topical, intravitreal, and systemic corticosteroids
were used in approximately one third of cases, with good
outcomes. In most cases, disease progression was halted
with these measures. However, significant ocular morbidity
including blindness or permanent visual deficits have been
reported in some patients [68,75,76,80].

JC Virus
Progressive multifocal leukoencephalopathy (PML) is a
demyelinating disease of the CNS that is caused by the poly-
omavirus JC virus (JCV) and occurs in advanced HIV-1 infec-
tion. HAART is the primary treatment for PML, but has been
associated with new-onset or worsening clinical disease in
some cases [82–90]. Of 26 cases of PML IRS in the English
literature that were reviewed, 16 were new diagnoses and
10 represented progression of known disease. The symp-
toms at presentation were typical of PML, including focal
neurologic findings, visual changes, coordination difficul-
ties, dysarthria, dysphagia, cognitive problems, and seizures.
Median nadir CD4+ T-cell counts were 39 cells/mm3, and
CD4+ T cells had increased to a median of 149 cells/mm3 at
presentation. Median time to presentation with symptoms
after starting HAART was 49 days.

To date, no studies of the impact of HAART on JCV-
specific immunity have been performed. Most cases of
PML IRS have been diagnosed by magnetic resonance
imaging (MRI) changes with or without biopsy and/or
cerebrospinal fluid polymerase chain reaction analysis for
JCV. The primary difference between PML IRS and classic
PML has been the presence of inflammation, which was
rarely seen in the pre-HAART era. Contrast enhancement
on MRI was found in four of six patients with MRI data
available [82,84,85]. Biopsy results were reported in eight
cases, and perivascular inflammatory infiltrates were seen
in seven of these [83,84,88–90]. In one study of five PML
patients who initiated HAART and who had follow-up MRI
scanning, all demonstrated worsening findings by MRI, yet
only two had a worsening clinical course [86]. Prognosis of
AIDS patients with PML has improved with HAART, but it
remains poor [91]. In the IRS cases reviewed, more than
one third of patients died and most who survived had
significant persistent neurological deficits.

Hepatitis B Virus and Hepatitis C Virus
Hepatic enzyme abnormalities are frequently observed
in individuals on HAART. Their etiology is multifactorial,
including antiretroviral or other prescription drug toxicity,
alcohol or recreational drug use, hepatitis caused by other
infectious etiologies, and nonalcoholic steatohepatitis
(NASH). Multiple studies have shown that HIV-1–infected
individuals with chronic hepatitis B virus (HBV) and/or
HCV infections are at particular risk for developing severe
hepatic enzyme elevations and liver damage after starting
HAART [92–95], and it has been suggested that at least
some of these may be IRS.

Flares of hepatitis B have been reported in several
patients after the initiation of HAART and attributed to IRS
[96–101]. In some cases, hepatic enzyme abnormalities
eventually resolved in association with seroconversion and
clearance of HBsAg, HBeAg, and/or HBV DNA [96–98].
In others, hepatic enzyme abnormalities resolved with
discontinuation of antiretroviral therapy [98,99], or wors-
ened, resulting in death [99]. Liver biopsies in many of
these patients revealed findings consistent with viral hepa-
titis, rather than drug toxicity.

Flares of hepatitis C in HIV-1–infected individuals
after initiation of HAART have also been reported as IRS.
Two cases of previously undiagnosed HCV infections
have been discovered secondary to transaminase flares
and new seroconversion to HCV after starting HAART
[102]. Other complications in HCV-infected patients after
starting antiretroviral therapy that have been reported
as IRS include cirrhosis, hepatic failure, and porphyria
cutanea tarda [102,103]. Liver biopsies in 16 HIV-1– and
HCV-coinfected individuals in whom severe hepatotoxic-
ity occurred after initiation of HAART demonstrated find-
ings consistent with viral hepatitis [95], supporting the
diagnosis of IRS.
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No studies to date have assessed the impact of HAART
on viral hepatitis-specific cellular immune responses and
their relationship to hepatic enzyme elevations. Because
diagnosis of HBV or HCV IRS can never be certain, manage-
ment of these cases is similar to that for any HIV-1–infected
patient with liver function test abnormalities [104]. Anti-
retroviral therapy and potentially hepatotoxic drugs must
be stopped if liver function test abnormalities are severe,
and other causes of liver function abnormalities must be
excluded through testing. It has been recommended that
patients with HBV and HIV-1 coinfection be treated with
lamivudine- and tenofovir-containing HAART regimens to
prevent flares of HBV replication [100]. In addition, a non-
randomized study reported that treatment of HCV with
interferon-α or interferon-α with ribavirin before HAART
decreased the incidence of severe liver toxicity in these indi-
viduals [105]. Prospective randomized trials are critical to
determine the optimal timing of therapy for chronic viral
hepatitis and HIV-1 in coinfected individuals.

Varicella Zoster Virus
A two- to fivefold increased incidence of zoster after
initiation of antiretroviral therapy has been reported,
compared with historical controls [106,107]. Most patients
with reported varicella zoster virus (VZV) IRS present
before 16 weeks of HAART and most commonly with
dermatomal zoster [106–108]. Ocular disease [4,28,109]
and transverse myelitis [110] have been reported as VZV
IRS events as well. Nadir CD4+ T-cell counts have been
less than 200 cells/mm3 with modest increases of 40
to 60 cells/mm3 at the time of presentation. Zoster was
the only IRS reported in a study of 61 children who
received HAART for at least 6 months; seven (11.5%)
of these children developed cutaneous zoster [111]. CD4+
T-cell nadirs were significantly lower in children who
developed zoster (mean = 191 cells/mm3), compared with
children who did not (mean = 769 cells/mm3). The risk of
developing zoster was associated with lack of protective
levels of varicella-specific immunoglobulin G in patients
with a previous history of VZV infection. Children were
treated with intravenous acyclovir and continuation of
HAART with rapid resolution in all instances. Steroids were
used in a case of transverse myelitis [110], but were not
used in other VZV IRS.

Human Papilloma Virus
Increases in the incidence and prevalence of oral warts
caused by human papilloma virus (HPV) have been
observed in HIV-1–infected individuals during the HAART
era. Greenspan et al. [112] reported that oral warts were six
times more common in patients on HAART than in patients
on no antiretroviral therapy. Subsequently, King et al. [113]
showed a prevalence of oral warts in an inner city HIV oral
health clinic to be 2.6% in the HAART era. Multivariate

analysis showed an association between oral warts and a 1-
log or more decrease in HIV-1 RNA in the 6 months before
diagnosis of oral warts, suggesting a possible relationship
between oral warts and immune reconstitution. Surgical
and medical modalities of treatment are used in treatment
of oral warts, but management is challenging because
warts often recur [114]. The impact of HAART on cervical
and anal HPV infections remains controversial [115], but
no cases of IRS to anal or genital HPV infections have
been reported.

Kaposi’s Sarcoma
Highly active antiretroviral therapy results in complete
or partial resolution of Kaposi’s sarcoma (KS) lesions in
55% to 60% of AIDS-KS patients [116,117]. Nevertheless,
five cases of KS IRS have been reported after initiation of
HAART [4,118–120]. Three cases manifested as worsening
KS, and two were new diagnoses. Nadir CD4+ T-cell counts
were less than 100 cells/mm3 in four of the five cases, and
virologic responses to HAART occurred in all instances.
Acute worsening of previously diagnosed KS resulting
in facial edema and cervical lymphadenopathy in one
case [119] and epiglottal swelling and threatened laryngeal
obstruction in the second [118] occurred 10 days and
8 weeks after starting HAART, respectively. New KS was
diagnosed on the skin 5 months after starting HAART [4]
and in the parotid 2 years after initiation of HAART [120].

Diagnosis of KS IRS was based on clinical presentations
primarily. In one case, KS-associated herpesvirus DNA
was shown to decline coincident with the clinical KS flare,
supporting the diagnosis of KS IRS rather than progressive
KS [119]. Treatment modalities and outcomes were
reported for three of the KS IRS events, and in all three
cases, HAART was continued. Radiotherapy, surgical exci-
sion, and chemotherapy were used with good outcomes
in all instances.

Pathogenesis of Immune 
Reconstitution Syndrome
Highly active antiretroviral therapy restores CD4+ T-cell
numbers and the ability of the immune system to respond
to antigens. Enhanced lymphocyte proliferative responses
and DTH responses to opportunistic pathogens, including
CMV, Candida, Pneumocystis jirovecii, MTB, and MAC, have
been demonstrated in multiple studies [11–13,19,64] and
strongly support the notion that reconstitution of pathogen-
specific cellular immunity results in IRS. Maximal recovery
of these responses is quite rapid, usually within the first
12 weeks of therapy [13], and is consistent with the reported
rapid onset of symptoms of IRS in many cases after
initiation of HAART. It is unclear whether cases of IRS with a
late onset (ie, after 12 weeks) involve the same pathogenic
mechanisms as IRS that occur within the first 3 months [8].
Late-onset IRS could represent delayed cellular immune
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reconstitution and/or a lower antigen load. Alternatively,
they may reflect some distinct process such as an auto-
immune or hypersensitivity reaction.

The nature of the immune restoration that occurs in
IRS is controversial. French et al. [7] have postulated that
atypical presentations of opportunistic infections during
HAART are caused by restoration of an immunopathologic
response, rather than an immunoprotective response.
They hypothesize that IRS represents a dysregulation of
the immune response to a specific pathogen, and that
individuals with low CD4+ T-cell nadirs are more vulnera-
ble to these responses because they have a greater suscepti-
bi l i ty  to  immune dysregulat ion during immune
reconstitution. An alternative explanation that is favored
by the present authors is that IRS represents the vigorous
reconstitution of normal immune responses to an unusu-
ally large antigen load. The association of IRS with low
CD4+ T-cell nadirs supports the notion that large amounts
of antigen may have been allowed to accumulate in the
absence of adequate immune surveillance. Differences in
antigen load could explain why one patient develops IRS
and another does not. The fact that cellular immune
responses (when they have been measured during IRS)
[12,19] are similar to those in individuals not experiencing
IRS, but undergoing immune reconstitution to HAART,
further supports the notion that the immune response
is normal. Other variables, such as the host’s ability to
reconstitute immunity, may also play a role in addition to
antigen load. Further studies are needed to better charac-
terize the types of immune responses that occur in IRS
and to determine the contributions of antigen load and
immune response to IRS.

Immune reconstitution syndrome to human herpes
viruses has been associated with specific major histocompati-
bility complex (MHC) haplotypes and cytokine gene poly-
morphisms, whereas different MHC haplotypes and cytokine
gene polymorphisms were reportedly associated with MAC
IRS [121,122]. These data suggest that there may be a genetic
susceptibility to IRS. However, the numbers of individuals
with IRS included in these studies were small, and further
studies are needed to confirm these observations. Individuals
with herpesvirus IRS have been reported to have increased
plasma interleukin-6 levels before HAART, and these levels
increase over time on HAART [123]. An increase in CD8+ T
cells correlated with the occurrence of zoster after HAART in
one study [106], and CD8+ T cells have also been hypothe-
sized to be the cause of IRS hepatitis associated with HBV and
HCV [97,102,124]. Whether increased levels of interleukin-6
or CD8+ T cells precipitated IRS in these cases or the diseases
themselves precipitated the increased interleukin-6 levels and
CD8+ T-cell counts remains to be determined.

Conclusions
A variety of IRS have been described since the introduction
of HAART, ranging in severity from relatively minor clinical

events, such as zoster, to severe and life-threatening
diseases, including worsening MTB and hepatitis. Strong
evidence of IRS is present in some instances, including
MAC and MTB. However, evidence to support the diagnosis
of IRS is only suggestive in cases of CMV and PML, and
distinctly lacking in other reported IRS such as chronic HBV
and HCV. Knowledge of the presentation and management
of IRS is largely anecdotal. Prospective studies are critical
to better define the incidence, predictors, and pathogenesis
of IRS. Randomized controlled trials are also necessary, par-
ticularly in HIV-1–infected individuals coinfected with MTB
or hepatitis C, to develop strategies to decrease the inci-
dence of IRS and to define their appropriate management.

As HAART is progressively introduced into resource-
limited settings, where thresholds for initiating therapy
are often less than 200 CD4+ T cells/mm3, it is likely that
IRS will be observed more frequently. With the advent of
HAART in Africa, MTB and KS IRS are likely to increase
substantially because of the high levels of latent MTB
and human herpesvirus-8 infection in the population.
Furthermore, it is anticipated that other forms of IRS that
have not yet been described may be seen as HAART is
introduced into different regions of the world. Indeed,
uveitis has been attributed to IRS to Leishmania major
in an HIV-1–infected man from Burkina Faso [125], and
borderline tuberculoid leprosy with a reversal reaction has
been ascribed to IRS to Mycobacterium leprae in an HIV-1–
infected man from Uganda [126]. As antiretroviral therapy
is introduced into different regions, it is critical that
prospective clinical studies be performed to define the
spectrum, incidence, and predictors of IRS and the optimal
management of these syndromes in each specific
geographic setting, because they may differ. A better under-
standing of IRS is critical to optimal management of anti-
retroviral treatment of HIV-1–infected individuals in the
21st century.
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