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We report a case of a person with human immunodeficiency 
virus with disseminated Mycobacterium avium infection, in 
whom antiretroviral therapy combined with all drugs of anti– 
M avium activity failed to clear the pathogen. After PD-1 
inhibitor treatment, T-cell exhaustion was reversed and M 
avium–specific T-cell response was boosted, together with M 
avium clearance.
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Immune checkpoint inhibitors (ICIs), including those that en-
hance T-cell function by blockade of coinhibitory receptor pro-
grammed cell death 1 (PD-1) and one of its ligands, 
programmed cell death ligand 1 (PD-L1), are now widely 
used for multiple malignant tumors. The PD-1/PD-L1 pathway 
also plays a major role in T-cell exhaustion during chronic in-
fections, for example, human immunodeficiency virus (HIV) 
infection [1]. Therefore, there is an increasing interest in target-
ing the PD-1/PD-L1 pathway for the treatment of chronic in-
fectious diseases [2].

Mycobacterium avium complex (MAC), mainly comprising 
M avium and Mycobacterium intracellulare, is the most com-
mon etiology of nontuberculous mycobacteria (NTM) disease 
in people with HIV (PWH) [3]. In the modern antiretroviral 
therapy (ART) era, the 5-year mortality of PWH with dissem-
inated NTM disease is as high as 26.7% despite aggressive treat-
ment [4].

Given the markedly increased risk of NTM caused by loss of 
CD4+ T cells, enhancing T-cell function by PD-1/PD-L1 block-
age may be a promising therapy to combat intracellular myco-
bacterial infections. However, the role of PD-1 in mycobacterial 
infection is still controversial. Several cases of tuberculosis and 
M avium lung disease have been reported in patients with mul-
tiple cancers who were treated with PD-1 inhibitors, suggesting 
that boosting type 1 T-helper cell function with PD-1 blockade 
may increase the risk or severity of tuberculosis in humans [5, 
6]. In contrast, a recent study suggested that nivolumab im-
proved Mycobacterium abscessus lung disease in a patient 
with advanced lung cancer [7]. Taken together, this evidence 
suggests that enhanced pathogen-specific T-cell function 
through PD-1 blockade may either control infection or drive le-
thal immunopathology, depending on the particular microbe 
present and the immune status of the host.

We report a case of a patient with HIV with disseminated 
and refractory M avium infection, who was treated successfully 
with a combination of PD-1 inhibitor, anti-mycobacterial ther-
apy, and ART.

A 25-year-old Chinese man was referred to Shanghai Public 
Health Clinical Center on 17 July 2020, due to fever and fatigue 
for 2 months. He was recently diagnosed with HIV infection 
and disseminated M avium infection, which could explain his 
symptoms. Upon admission, his CD4 T-cell count was 
10 cells/mm3 with CD4/CD8 T-cell ratio of 0.08. The HIV viral 
load was 8.71 × 104 copies/mL. Mycobacterium avium was 
identified by blood culture with a time to positivity (TTP) of 
14 days. Computed tomography of the abdomen showed en-
larged liver and spleen, as well as multiple swollen lymph nodes 
at the retroperitoneal and mesenteric root (Supplementary 
Figure 1A). The patient then received azithromycin, ethambu-
tol, and rifabutin together with moxifloxacin. At the same time, 
ART with emtricitabine/tenofovir and dolutegravir was initiat-
ed. However, the patient’s symptoms continued, with the high-
est temperature of 40°C. Then, linezolid and amikacin were 
also added to the regimen after 4 weeks of anti-mycobacterial 
therapy. Taking immune reconstitution inflammatory syn-
drome (IRIS) into consideration, dexamethasone 5 mg daily in-
travenously was given. However, blood culture for M avium 
continued to be positive with a TTP of 13 days after 6 weeks 
of anti-mycobacterial therapy. In addition to persistent fever, 
the patient also suffered from pancytopenia. Despite elevated 
serum ferritin level (4678 ng/mL), levels of triglycerides and fi-
brinogen were normal and hemophagocytosis was also not 
identified on bone marrow aspirate cytology. Therefore, his 
symptoms were attributed to the chronic M avium infection 
and side effects of linezolid, but not IRIS or hemophagocytic 
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lymphohistiocytosis (HLH). Drug susceptibility testing report-
ed that the M avium isolated was susceptible to clarithromycin 
and intermediate to moxifloxacin but resistant to amikacin and 
linezolid. Thus, dexamethasone was tapered while the anti- 
mycobacterial regimen was switched to azithromycin, etham-
butol, rifabutin, moxifloxacin, bedaquiline, and clofazimine. 
After that, vomiting occurred, which was attributed to clofazi-
mine, while the patient continued to suffer from a high fever. 
Therefore, clofazimine was discontinued, and meropenem 
and amikacin were added. Despite continuous anti- 
mycobacterial therapy for 24 weeks, blood culture for M avium 
was still positive, with TTP ranging from 13 days to 28 days, 
and radiological imaging was unchanged (Supplementary 
Figure 1B and Figure 1A). The CD4 T-cell count increased 
slightly to 33 cells/mm3 and viral load was under the limit of 
detection (Figure 1B).

We then quantified the anti–interferon-γ autoantibodies in 
his plasma and found that the level was comparable to that in 
healthy controls (Figure 1C). We believed that the patient may 
not be unable to clear M avium with anti-mycobacterial therapy 
alone under such advanced immunosuppression. We then hy-
pothesized that due to HIV and chronic M avium infection, 
the M avium–specific T cells could be exhausted and PD-1 inhib-
itors may be effective to restore their function. We determined 
the PD-1 expression on his peripheral T cells (Supplementary 
Figure 2). As high as 73.1% of the CD4 T cells and 29.1% of 
the CD8 T cells from his peripheral blood mononuclear cells 
(PBMCs) expressed PD-1, which further supported our hypoth-
esis. Therefore, based on the availability, the patient received in-
travenous sintilimab, a PD-1 inhibitor, for 5 cycles starting from 
22 January 2021. A dose of 200 mg/day was chosen as it was rec-
ommended in cancer treatment and it also has a good safety pro-
file in our experience in treating PWH with cancers.

On the second day after sintilimab administration, the pro-
portion of PD-1–expressing CD4 T cells decreased to 12.6%, 
while the proportion of CD8 T cells also decreased to 17.4% 
(Figure 1D). Meanwhile, the M avium–specific spot number, 
counted as previously described, increased from 3 to 374 per 
million PBMCs (Figure 1D) [8]. Plasma levels of interleukin 
(IL)–6 tended to decrease, while levels of IL-8 and IL-23 tended 
to increase (Figure 1E). The TTP of blood culture for M avium 
increased to 28 days after the first cycle of PD-1 inhibitor ther-
apy and blood culture for M avium was negative after the sec-
ond cycle (Figure 1A). However, due to the long incubation 
time (7 weeks) before a negative result was reported, the patient 
continued to receive another 3 cycles of sintilimab. The fre-
quency of fever, as well as the maximum temperature, de-
creased gradually after PD-1 inhibitor therapy. The patient’s 
temperature was finally normalized at 51 days since the first 
PD-1 inhibitor therapy (around 2 weeks after the second 
PD-1 inhibitor cycle) and fatigue also disappeared. The radio-
logical image showed that the swollen lymph nodes at the 

retroperitoneal and mesenteric root had shrunken compared 
to pre–PD-1 inhibitor treatment (Supplementary Figure 1C 
and 1D). During the PD-1 inhibitor therapy, no sintilimab- 
related adverse event was observed.

The patients continued ART and anti-mycobacterial therapy 
thereafter. He was healthy and had returned to work at the lat-
est visit on December 2021. His CD4 T-cell count had increased 
to 152 cells/mm3 with CD4/CD8 T-cell ratio of 0.09, while HIV 
viral load continued to be undetectable (Figure 1B).

In the current case, all the available drugs of anti–M avium ac-
tivity had been tried but failed to clear the pathogen. However, 
after adding a PD-1 inhibitor, the M avium–specific T-cell re-
sponse was boosted. Consistently, the patient’s blood culture 
for M avium became negative and the patient’s symptoms 
were relieved. Remarkably, in several patients with progressive 
multifocal leukoencephalopathy, a central nervous system dis-
ease caused by JC virus, PD-1 blockade reduces JC viral load 
while increasing CD4 and CD8 T-cell activity against the JC vi-
rus, together with clinical improvement or stabilization [9]. 
Herein, PD-1/PD-L1 inhibitors may be used in treating refracto-
ry infectious disease (eg, drug resistance) and in those cases 
where drugs are not available against the pathogen.

PD-1 blockade in patients with a high burden of mycobacte-
ria and immunodeficiency may lead to severe inflammatory re-
actions or IRIS. Indeed, tuberculosis reactivation and 
development of MAC lung disease in patients with cancer re-
ceiving immune checkpoint inhibitors have been reported. 
Severe inflammatory reactions were not observed in our case. 
It is possible that after 24 weeks of anti-mycobacterial therapy, 
the IRIS risk was decreased due to lowering the mycobacterial 
burden to some degree even though TTP did not change, and 
this allowed PD-1 inhibitors to be safely used to boost anti- 
mycobacterial T-cell responses. Interestingly, PD-1 inhibitors 
have been used successfully to treat Epstein-Barr virus 
(EBV)–induced HLH by restoring a defective anti-EBV re-
sponse [10]. In the current case, PD-1 inhibitor also boosted 
M avium–specific immune response. Therefore, it is possible 
that PD-1 inhibitors could be useful even in the setting of IRIS.

The present case was a patient with advanced immunodefi-
ciency due to HIV infection. In our case, the CD4 T-cell count 
remained very low after 24 weeks of ART, despite virological suc-
cess. It is well established that chronic HIV infection is associated 
with exhausted T-cell function, which was also observed in our 
patient [11]. After PD-1 inhibitor administration, the proportion 
of T cells expressing PD-1 decreased while the function of M 
avium–specific T cells was enhanced, with symptoms relieved 
thereafter. Interestingly, PD-L1 expression on tumor cells is a 
valuable predictor of the efficacy of anti-PD-1/PD-L1 therapy 
in patients with advanced non-small cell lung cancer [12, 13]. 
Those patients with higher PD-L1 expression on tumor cells 
have more clinical benefits in PD-1 blockade [14]. Along this 
line, patients with high PD-1/PD-L1 expression may benefit 
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more from PD-1 blockade, and PD-1 level on T cells may serve 
as a surrogate marker to guide patient selection in treating infec-
tious diseases.

The T-cell response after PD-1 inhibitor administration 
waned gradually in our patient. A significant decrease in the 
proportion of PD-1 expression in T cells and enhanced M 
avium–specific T-cell response after the first dose of sintilimab 
was observed, while the magnitude of the changes was de-
creased after the second cycle. However, the following 2 infu-
sions did not show any improvement in T-cell exhaustion 
and boost of M avium–specific T-cell response. This could be 
explained by the clearance of M avium in the blood after the 
second administration of sintilimab. Therefore, the duration 
of PD-1 blockade should be guided by microbiological results 
in treating infectious diseases.

There are several limitations to our study. First, during PD-1 
inhibitor treatment, the patient continued ART and anti- 
mycobacterial therapy. In addition, the first negative blood cul-
ture was performed after 3 cycles of anti-PD-1 infusion, so the 
clinical improvement and clearance of the pathogen could not 
solely be attributed to PD-1 blockade. Second, the use of M 
avium lysate as a stimulation antigen may have limited our abil-
ity to detect M avium–specific CD8 T cells, as whole protein an-
tigens may preferentially stimulate CD4 T cells. There might 
also be some cross-activation between M avium and other 
Mycobacterium species. Last, clinical trials with controls are 
needed to validate our results to support the hypothesis that 
boosting T-cell responses through PD-1 blockade can treat in-
fectious diseases.
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