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Antineutrophil cytoplasmic antibodies (ANCA) are associ-
ated with the spectrum of vasculitis that includes Wegener’s
granulomatosis (WG), microscopic polyangiitis, the Churg-
Strauss syndrome, and primary pauciimmune necrotizing
and crescentic glomerulonephritis1-3. Two specific types of
ANCA have been shown to be useful in the diagnosis of this
disease spectrum: antiproteinase 3 antibodies (anti-PR3),
which produce a cytoplasmic pattern of staining by indirect

immunofluorescence (C-ANCA), and antimyeloperoxidase
antibodies (anti-MPO), which produce a perinuclear pattern
of staining (P-ANCA)4-6.

Studies suggest that serologic tests for ANCA can be
useful in longterm management of patients with this group
of diseases7-13. Longitudinal studies have shown a positive
correlation between ANCA titers and disease activity in
patients with WG7-9,13. However, other investigators have
not confirmed this correlation12,14.

Immunosuppressive therapy with the combination of
cyclophosphamide and glucocorticoids has markedly
improved the outcome of ANCA associated vasculitis
(AAV)15-18. Unfortunately, this therapy is often associated
with major side effects18. Among the most serious adverse
effects are opportunistic infections, which result from the
immunosuppressed state18-20.

The clinical presentation of an opportunistic infection
may mimic that of a vasculitis flare and it may be difficult
to distinguish between these 2 disorders. Not uncommonly,
physicians pursue invasive biopsies in this high risk setting
in an effort to make the correct diagnosis and avoid the
serious consequences of mismanagement. Thus, there is an
obvious need for a noninvasive tool to help make this
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ABSTRACT. Objective. To study the clinical course and changes in antineutrophil cytoplasmic antibody
(ANCA) titers in patients with ANCA associated vasculitis (AAV) who developed opportunistic
infections.
Methods. Among the patients with AAV tested in the Immunopathology Laboratory at the
Massachusetts General Hospital between 1989 and 1998, all patients who experienced opportunistic
infections (n = 16) were included. We retrospectively studied their clinical features and examined the
relationship between changes in ANCA titer and the onset of the opportunistic infections. ANCA
titers were measured by antigen-specific ELISA.
Results. Of the 16 AAV patients with opportunistic infection, 15 had no evidence for active vasculitis
at the time of the infection. Among these 15 patients, opportunistic infections were associated with
a steep fall in ANCA titers. There was no consistent pattern of change in C-reactive protein levels.
In 7 patients, the immunosuppressive regimen was increased for new clinical findings shortly before
the diagnosis of an opportunistic infection, despite the absence of histologic documentation of active
vasculitis. Three of these 7 patients died. One patient, who did not experience a significant fall in
ANCA titer, i.e., less than 4-fold from his prior peak, was simultaneously found to have
Pneumocystis carinii pneumonia and biopsy proven active vasculitis.
Conclusion. Our data strongly suggest that opportunistic infections in patients with AAV are asso-
ciated with negative or rapidly falling ANCA titers. Therefore, changes in ANCA titer can help
distinguish opportunistic infections from vasculitis flares when patients with AAV present with inde-
terminate clinical findings. (J Rheumatol 2002;29:505–10)
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distinction. To evaluate the value of ANCA in this setting,
we retrospectively reviewed the clinical course and ANCA
titers of 16 patients with ANCA associated vasculitis who
developed opportunistic infections.

MATERIALS AND METHODS
Study patients. Among the patients with AAV tested at the
Immunopathology Laboratory at the Massachusetts General Hospital
between 1989 and 1998, we identified 16 who experienced an opportunistic
infection. We retrospectively studied their clinical features and ANCA
titers. Clinical information was obtained from medical records, including
the mean duration of vasculitis, organ involvement, the time interval from
the most recent episode of active disease (original or relapse) until the
detection of the opportunistic infection, type and duration of immunosup-
pressive therapy, chemoprophylaxis, white blood cell count and absolute
lymphocyte count, cause of infection, diagnosis, and treatment of infection
and outcome. Any increase in immunosuppressive therapy prior to the diag-
nosis of opportunistic infection was also noted. The Institutional Review
Boards at Massachusetts General Hospital and Brigham and Women’s
Hospital approved the study.

ANCA testing. The presence of anti-PR3 and anti-MPO antibodies was
determined by combining the results of indirect immunofluorescence assay
for cytoplasmic (C-ANCA) and perinuclear (P-ANCA) patterns with the
results of antigen-specific ELISA. Indirect immunofluorescence was
performed as described21. Quantitative ELISA were performed during the
clinical course as described21,22. Interpretation of ANCA test results was
determined for each patient as described23.

C-reactive protein (CRP) testing. CRP was measured in serum samples that
had been stored at –20°C by nephelometry (Beckman Instruments Inc.,
Galway, Ireland). Normal range was 0.08 to 0.8 mg/dl. Sera from 11 of the
16 patients were tested for CRP.

Presentation of ANCA titer and CRP level changes. To illustrate changes in
anti-MPO and anti-PR3 titers, the titer values of anti-MPO and anti-PR3
were divided by their cutoff levels (2.8 and 5, respectively) and presented
in a log scale. ANCA titers are presented at the onset of immunosuppres-
sive therapy for the most recent episode of active vasculitis and at the time
of the opportunistic infections. CRP values are presented for the same 2
time points.

RESULTS
Clinical characteristics of the 16 patients. Patients’ clinical
characteristics are shown in Table 1. The mean age was 56.2
± 18.0 (SD) years. There were 11 men and 5 women. No
patient was known to have human immunodeficiency virus
infection. All had clinicopathologic features considered
diagnostic of AAV. In 6 patients, the diagnosis of pauciim-
mune small vessel vasculitis was histologically proven,
whereas in 10 patients the diagnosis of vasculitis was based
on clinical features and a positive ANCA test. Nine patients
had anti-PR3 and 7 had anti-MPO antibodies. One patient
had antiglomerular basement membrane antibodies in addi-
tion to anti-MPO. Ten patients had evidence for nephritis
during their most recent flare of vasculitis, including 9 with
renal insufficiency. Three patients required dialysis and 2 of
these patients did not recover their renal function.

The median duration of AAV was 4.5 months (range
2–228 mo). Eleven of the 16 patients were being treated for
their first episode of vasculitis and the remaining 5 were
receiving treatment for a relapse. One patient (Patient 12)

had multiple relapses during a 19 year period. At the time of
the opportunistic infection, all patients were undergoing
immunosuppressive therapy for a recent episode of active
vasculitis. All patients were receiving daily glucocorticoids
and 15 of the 16 patients were also receiving a cytotoxic
agent. Twelve patients were taking daily oral cyclophos-
phamide, one patient had received 2 doses of intravenous
cyclophosphamide 2 weeks apart, and 2 patients had
recently (within one month) been converted from oral
cyclophosphamide to azathioprine. One patient (Patient 15)
had received a single 15 mg dose of subcutaneous
methotrexate but was subsequently treated with high dose
glucocorticoids alone.

Opportunistic infections. The data are summarized in Table
1. Eight patients had Pneumcystis carinii pneumonia (PCP);
5 had cytomegalovirus (CMV) infection including 3 with
CMV pneumonitis, one had both PCP and CMV pneu-
monitis, one CMV pneumonitis and invasive pulmonary
aspergillosis, and one disseminated cutaneous zoster. Only 3
patients were taking prophylactic therapy with trimetho-
prim-sulfamethoxazole (TMP-SMZ) preceding the infec-
tion. One of these patients developed PCP and the other 2
CMV infection and disseminated zoster infection, respec-
tively. The opportunistic infections occurred a median of 2
months (range 1–10 mo) following the last episode of active
vasculitis. Diagnosis of infection was obtained by open lung
biopsy in 4 patients, bronchoscopy and bronchoalveolar
lavage in 6 patients, and detection of CMV in a buffy coat
sample in 4 patients. In one patient, the diagnosis was made
during autopsy (Patient 10) and in one by clinical examina-
tion of skin findings (Patient 13). Seven patients were
leukopenic at the time of diagnosis of their infection. Data
on absolute lymphocyte counts were available for 13
patients and of these, 11 had profound lymphopenia. There
was no obvious difference in leukocyte counts or lympho-
cyte counts between those with CMV infection and those
without.

In 7 patients, the immunosuppressive regimen was
initially increased for new findings shortly before the diag-
nosis of an opportunistic infection and without histologic
documentation of active vasculitis. After identification of
the opportunistic infections, all patients received antimicro-
bial therapy directed against the offending agent, except one
patient (Patient 10) who did not receive treatment against
CMV because the infection was not detected prior to death.
PCP was treated with high dose TMP-SMZ or pentamidine
and CMV was invariably treated with ganciclovir. Cytotoxic
agents were eventually discontinued in 13 of the 16 patients
during management of the infection. However, cyclophos-
phamide was continued in 2 patients and azathioprine was
continued in another patient. Glucocorticoid therapy was
maintained in all patients. Four patients died from their
infection, one with PCP, one CMV, one PCP and CMV, and
one with CMV and pulmonary aspergillosis. Three of the 4
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patients who died were among those whose immunosup-
pressive regimen was initially increased.

In 15 of the 16 patients, it was concluded that there was no
active vasculitis present at the time of the opportunistic infec-
tion. However, one patient (Patient 15) was simultaneously
found to have PCP and active vasculitis that was detected by
a maxillary sinus biopsy showing necrotizing granulomatous
vasculitis. This patient had been treated with steroids alone in
high doses, off and on for 4 months, without a cytotoxic agent
except for a single 15 mg dose of methotrexate.

ANCA titers and CRP values. Figure 1 shows the changes in
ANCA titers in 15 of the 16 patients at the onset of therapy
for the initial course or the most recent relapse of vasculitis
and at the time of diagnosis of opportunistic infection. All
15 patients had steeply falling or negative ANCA titers
immediately preceding the development of evidence of the
infection. Among these patients, the mean ANCA titer at the
time of the last episode of active disease was 75 times the
upper limit of the normal range as defined by our laboratory.
At the time of diagnosis of the opportunistic infection, the
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Table 1. Characteristics of 16 patients with ANCA associated vasculitis and opportunistic infection.

Patient Age, Sex Type of ANCA Organ Involvement Therapy of Last Duration from Dx or Type of WBC Count Outcome
at Dx or Re Episode of Active Last Re to Dx of Infection (Lymphocytes)

Disease Infection

1 65 F Anti-PR3 L (Re) Cs, Cyc 8 wks PCP/CMV 2.2 (Ly0) Died
2 68 M Anti-MPO K (Dx) Cs, Cyc 7 wks CMV 2.7 Survived
3 60 F Anti-MPO K, PNS, H (Dx) Cs, Cyc 8 wks CMV 8.8 (Ly1) Died
4 66 M Anti-PR3 L, K (Re) Cs, Cyc 4 wks PCP 3.4 Survived
5 49 M Anti-PR3 E, K, PNS (Dx) Cs, Cyc 8 wks PCP 9.2 Survived
6 27 M Anti-PR3 L, K, J, PNS (Dx) Cs, Cyc 8 wks PCP 6.9 (Ly3) Survived
7 25 F Anti-PR3 E, L, J (Dx) Cs, Cyc 10 mo PCP 11.7 (Ly3) Survived
8 66 M Anti-MPO E, J (Re) Cs, Cyc-Aza 8 wks PCP 6.9 (Ly14) Survived
9 70 M Anti-PR3 L, K (Dx) Cs, Cyc 8 wks CMV 1.5 (Ly3) Survived
10 65 F Anti-MPO L (Dx) Cs, Cyc 8 wks CMV/Asp 7.5 (Ly3) Died
11 63 M Anti-MPO L, K, CNS (Dx) Cs, Cyc 6 mo PCP 1.2 (Ly4) Died
12 33 M Anti-PR3 E, L, K (Re) Cs,Cyc 4 mo CMV 3.1 (Ly49) Survived
13 82 M Anti-PR3 K (Re) Cs, Cyc-Aza 9 mo VZV 8.1 (Ly9) Survived
14 70 M Anti-MPO K,S (Dx) Cs, Cyc 10 wks PCP 7.0 (Ly2.4) Survived
15 63 M Anti-MPO E, PNS, Orbit (Dx) Cs* 10 wks PCP 14 (Ly0) Survived
16 27 F Anti-PR3 K, L (Dx) Cs, Cyc 12 wks CMV 2.5 (Ly2) Survived

Anti-MPO: antimyeloperoxidase antibodies; anti-PR3: antiproteinase 3 antibodies; CNS: central nervous system; E: ear, nose and throat or upper airway; 
H: heart; J: joints; K: kidney; L: lung; PNS: peripheral nervous system; S: skin; Dx: diagnosis; Re: relapse; Aza: azathioprine; Cyc: cyclophosphamide; 
Cs: corticosteroids; Asp: aspergillus: CMV: cytomegalovirus; PCP: Pneumocystis carinii pneumonia; VZV: varicella zoster virus; WBC: White blood cells
(normal range 4.5–11.0 × 109/L); Ly: lymphocytes (normal range 1.0–4.8 × 109/l). * Patient had received a single dose of methotrexate around the time of PCP.

Figure 1. ANCA titers and CRP levels at the onset of immunosuppressive therapy for the most recent episode of
vasculitis and at the time of opportunistic infection. Broken lines denote normal cutoffs of ANCA and CRP (0.8
mg/dl).
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ANCA titer in 14 of the 15 patients had fallen to less than
the cutoff value representing the upper limit of the normal
range, while in the remaining patient the titer fell to less than
3% of the former value. Figure 1 also displays the CRP
values at the same time points. There was no consistent
pattern of change in CRP levels. Since the 16th patient had
active disease at the time of his opportunistic infection, his
values are not included in the figure.

DISCUSSION
We describe the relationship between changes in ANCA
titers and opportunistic infections in patients with AAV. In
all of our 15 patients with opportunistic infections and no
evidence of active vasculitis, the infection was associated
with a dramatic fall in ANCA titer. One patient who did not
experience a rapid fall in his ANCA titer (less than 4-fold
from his prior peak) had biopsy proven active disease at the
same time he developed PCP. These data strongly suggest
that opportunistic infections during immunosuppressive
treatment for AAV are associated with rapidly falling or
negative ANCA titers. Thus, in a clinical setting that could
be the result of either a vasculitis relapse or an opportunistic
infection, a high or rising ANCA titer weighs against the
possibility of an opportunistic infection and a rapidly falling
or negative ANCA titer suggests that clinical deterioration is
due to infection or other comorbidities rather than exacerba-
tion of AAV.

Several studies have looked at the usefulness of changes
in ANCA titer as a marker for disease activity of AAV7-12.
Active disease has been shown to be generally associated
with high or rising titers, making ANCA titers useful in the
diagnosis of a flare7,8,10,11. In contrast, negative or falling
titers are rarely found during flare7,8,24,25 and are usually not
immediately followed by a flare24-27. Others have not
observed a similar usefulness of ANCA titers, and therefore
the value of ANCA titers in monitoring disease activity has
remained controversial12,14. Lack of standardized definitions
of disease activity and different methods of ANCA testing
may explain some of the variabilty in the results of these
studies. The most conclusive study on this issue is the
recent, prospective study by Boomsma, et al13. They
measured serial ANCA titers in 100 patients with Wegener’s
granulomatosis and blinded the clinicians to the results.
Among 37 patients who developed relapses of disease, 34
had a rise in ANCA titer by indirect immunofluorescence or
ELISA prior to the relapse. Of the remaining 3 patients who
experienced a relapse with no increase in ANCA titer, 2 had
a persistently elevated titer. The positive predictive value of
a rise in anti-PR3 antibodies detected by ELISA for a flare
of vasculitis was 71%. When these results are combined
with those of our study, a falling or negative ANCA titer
indicates a decreased probability of developing or having a
flare of vasculitis, but remains consistent with the presence
of an opportunistic infection. In contrast, a persistently high

or rising ANCA titer suggests an increased probability of a
vasculitis flare and appears inconsistent with an oppor-
tunistic infection.

In our study, the subjects were not selected based on the
changes in ANCA titers. Instead, we examined the ANCA
titers among patients with proven opportunistic infections.
Thus our results cannot be applied to all instances of a
falling or negative ANCA titer. Indeed, in most patients this
change in ANCA titer reflects the desired clinical response
of the vasculitis to immunosuppressive treatment. The main
importance of our findings is to provide physicians with an
additional tool for distinguishing between vasculitis flare
and opportunistic infection, which is among the greatest
clinical challenges encountered in the care of patients with
vasculitis.

Immunosuppressive treatment was intensified prior to
the diagnosis of the opportunistic infection in 7 of the
patients due to the belief that the vasculitis was recurring.
The decision to increase the therapy was made despite the
lack of documentation of an actual vasculitis relapse. The
clinical features that led the clinicians to suspect a flare
proved to be consistent with the opportunistic infections that
were subsequently documented. Three of these 7 patients
died. These cases illustrate the diagnostic challenge arising
from the similarity of the clinical presentations of oppor-
tunistic infections and flares of AAV, and the potential
consequences of erroneous treatment of such cases. It is
possible that management guided by ANCA titers could
have improved the outcome of these cases.

Obviously, the usefulness of serial ANCA titers depends
on the ability of the ANCA assay to quantify the difference
in titer between samples. Thus, a reproducible and fully
quantitative method of titration is necessary. Most laborato-
ries use indirect immunofluorescence assays, which have an
appreciable subjective component resulting in difficulty in
reproducing modest differences. Others use semiquantita-
tive antigen-specific ELISA. However, an ELISA at any one
dilution is only quantitative over a narrow range. To be fully
quantitative, testing each sample at multiple dilutions is
required. In our ANCA laboratory, we test all positive
samples over a full range of dilutions to assure fully quanti-
tative results.

Leukocyte and lymphocyte counts are other useful
measures in monitoring the state of immunosuppression
among patients undergoing treatment for AAV28.
Leukopenia was common in our patients and profound
lymphopenia was present in 11 out of 13 patients for whom
data were available. This has been observed by other inves-
tigators20. While cyclophosphamide and other cytotoxic
agents can cause lymphopenia29, functional abnormalities of
lymphocytes and monocytes may also be induced by gluco-
corticoids.

Other potential markers of disease activity that have been
proposed for guiding management of vasculitis include
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erythrocyte sedimentation rate (ESR) and CRP28,30. While
CRP levels have been suggested as a useful marker of active
disease30, we did not find this marker of inflammation useful
for distinguishing between active vasculitis and infection.

The mortality rate in our patients was substantial and
emphasizes the seriousness of the infectious complications
of immunosuppressive therapy. Therefore, it is critically
important to monitor patients closely during this form of
treatment. Prophylactic antimicrobial therapy for PCP
seems advisable during periods of heavy immunosuppres-
sion, as supported by a recent cost effectiveness analysis31.
Our current practice is to administer TMP-SMZ to all
patients who are receiving treatment with high doses of
immunosuppressive drugs.

We conclude that opportunistic infections during treat-
ment for AAV are usually associated with rapidly falling or
negative ANCA titers but not with rising ANCA titers,
whereas previous studies suggest that flares of vasculitis are
usually associated with rising or persistently elevated titers.
Therefore, when the clinician encounters a patient under-
going immunosuppressive treatment for vasculitis with clin-
ical features that could be due to either a flare of the disease
or an opportunistic infection, a negative or sharply falling
ANCA titer should increase the suspicion of an oppor-
tunistic infection and decrease the suspicion of a vasculitis
relapse.
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