
Chen et al. BMC Pulmonary Medicine           (2022) 22:55  
https://doi.org/10.1186/s12890-022-01851-0

RESEARCH

Cytopathological analysis of bronchoalveolar 
lavage fluid in patients with and without HIV 
infection
Xiang‑mei Chen1, Lei Sun1*, Kun Yang1, Jia‑min Chen1, Liang Zhang1, Xiao‑yi Han1, Xingang Zhou1, 
Zhi‑yuan Ma1, Man Li1, Hong‑xin Zhao2, Li‑ming Qi1 and Peng Wang1* 

Abstract 

Background: Human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) infection can lead 
to a broad spectrum of lung diseases, including infectious diseases and tumors. Recently, with the wide application of 
bronchoscopes and cytopathology of bronchoalveolar lavage fluid (BALF), the diagnostic efficiency of lung diseases 
has improved. The present study focuses on analyzing the cytopathologic characteristics of BALF in the diagnosis of 
HIV/AIDS‑related lung disease and comparing the lung disease spectrum between HIV and HIV‑uninfected patients.

Methods: BALF specimens were collected from 2211 patients. Using ThinPrep liquid‑based technology, the cytologic 
smears were prepared by staining with Hematoxylin and Eosin (HE), Gomori’s methenamine silver (GMS), and Periodic 
Acid Schiff (PAS), acid‑fast and immunocytochemical (ICC) staining. Real‑time PCR was used to detect cytomegalovi‑
rus (CMV) and Mycobacterium tuberculosis (M. tuberculosis) in the remaining BALF. PCR‑reverse dot hybridization was 
used for mycobacterial species identification.

Results: From the 2211 BALF specimens, 1768 (79.96%) were specimens from HIV‑infected patients, and 443 (20.04%) 
were speciments from HIV‑uninfected patients. The HIV‑infected patients with a median age of 38.5 ± 11.3 years 
were markedly younger than the HIV‑uninfected patients (52.9 ± 14.9 years) (p < 0.01). We found that 1635 (92.5%) 
HIV‑infected patients were males, showing a prominently higher proportion than those without HIV infection (71.1%) 
(p < 0.01). Meanwhile, 1045 specific lesions were found in 1768 HIV‑infected patients (59.1%), including 1034 cases of 
infectious diseases and 11 neoplastic lesions, also exhibiting a distinctly higher proportion compared to the HIV‑unin‑
fected patients (12.2%) (p < 0.001). For the HIV‑infected group, a distinctly higher proportion of single infection lesions 
(724/1768, 41%) was noted than the HIV‑uninfected group (14/443, 3.2%) (p < 0.001). Among single infection lesions, 
the most common was Cytomegalovirus(CMV) infection (20.9%) for the HIV‑infected group, followed by Pneumocystis 
jiroveci(PJ) (13.0%), Fungal (3.5%), and Mycobacterial infections (3.4%), of which M. tuberculosis infection accounted for 
3.1%. Double infections (300/1768, 17.0%) and Triple infections (10/1768, 0.6%) were found only among the patients 
with HIV. The malignancies among HIV‑infected patients included adenocarcinomas (0.22%), small cell carcinomas 
(0.2%), squamous cell carcinomas (0.1%), and diffuse large B‑cell lymphoma (0.1%). HIV‑infected patients exhibited a 
significantly lower incidence of neoplastic lesions (0.6% vs. 9.0%) than the HIV‑uninfected patients (p < 0.001).
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Background
There are two major categories of HIV/AIDS-related 
pulmonary diseases: infections and tumors. Respiratory 
symptoms such as cough, chest tightness, shortness of 
breath, and imaging lung shadow are common clinical 
manifestations, especially in HIV infection. Recently, 
bronchoalveolar lavage fluid (BALF) cytopathological 
examinations based on fiberoptic bronchoscopy have 
been increasingly used in clinical applications. It is pos-
sible to instantly assess BALF smears and repeat the 
assessment procedure a few times so that further materi-
als for immunocytochemistry and special staining can be 
obtained. Besides, the component residues of cytological 
smears can be used for PCR or Metagenomic studies.

For patients with HIV infection, it is crucial to exam-
ine and diagnose BALF cytologically. Thus, the present 
study attempts to clarify the utility of BALF in assessing 
the characteristics and clinical diagnostic value in HIV/
AIDS-related lung diseases.

Methods
2211 BALF specimens were collected from HIV-infected 
and non-infected patients treated at the Pathology 
Department of Beijing Ditan Hospital, Capital Medi-
cal University between October 2008 and October 
2020. The detailed demographic information of patients 
from both the pathological reports and the clinician-
submitted laboratory requisitions were obtained. Our 
research protocol was approved by the Ethics Commit-
tee of Beijing Ditan Hospital, Capital Medical University 
in China(2021–022-01). Informed consent was obtained 
from all individual participants included in the study. 
Written informed consent was obtained from the partici-
pants by physicians.

The patients were routinely prepared, 2% lidocaine 
(15–20  mL) was used for anesthesia by nebulization, 
and the examination was performed using the BF-260 
electronic bronchoscope (Olympus, Japan). Bronchoal-
veolar lavage is used 100–150 ml of sterile normal saline 
lavage at 37℃ in which images suggest the presence of 
infected lobe segments. If the chest X-ray showed pul-
monary interstitial changes or did not indicate evident 
local lobe involvement, the right middle or left lingu-
lar lobe was taken as lavage Location, and the negative 
recovery pressure was 50–80 mm Hg. BALF was packed 
in a collection bottle coated with silica gel for inspection. 

Cell smears were prepared using ThinPrep liquid-based 
cytology technology. After instant fixation in ethyl alco-
hol (95%), the smears were stained with hematoxylin and 
eosin (HE), Gomori’s methenamine silver (GMS), peri-
odic acid Schiff (PAS), as well as by immunocytochemical 
and acid-fast techniques for cytological purposes. Prepa-
ration of staining reagents, purchased from Sinopharm 
Chemical Reagent Co., Ltd. China, was accomplished by 
the Beijing Ditan Hospital’s Pathology Department. The 
remaining BALF was analyzed using the PCR method for 
human cytomegalovirus (CMV) (Shanghai Zhijiang Bio-
technology Co., Ltd. China) and Mycobacterium tubercu-
losis (M. tuberculosis) (Shanghai Zhijiang Biotechnology 
Co., Ltd. China). PCR-reverse dot hybridization was 
used for mycobacterial species identification (Shenzhen 
Yaneng Biotechnology Co., Ltd. China). The diagnostic 
criteria for mycobacterial infection was defined as same 
positive results from at least two separate samples. For 
individual cases with morphological features of infection, 
metagenomics was applied to detect pathogens.

SPSS software (Version 20.0, IBM, Chicago, USA) ana-
lyzed the collected data. Independent Student’s t-test was 
used to compare the age difference between the HIV-
infected and uninfected patients. The χ2 test was used for 
the categorical variable analysis, including gender ratio, 
proportion of each age group and proportion of vari-
ous positive diagnoses between HIV infected and unin-
fected groups.. Statistically, p-value < 0.05 was regarded 
as significant, while continuous data was expressed as 
mean ± SD.

Results
HIV/AIDS‑related lung disease prevalence and distribution
Overall, the study comprised 1768 (1768/2211, 80.0%) 
patients with HIV and 443 (443/2211, 20.0%) patients 
without HIV. The HIV-infected group (1635/1768, 92.5%) 
exhibited a higher proportion of male patients than the 
HIV-uninfected group (315/443, 71.1%) (p < 0.001). The 
HIV-infected patients were aged from 10 to 96  years, 
and those aged 18–44 showed the highest proportion 
(1245/1768, 70.4%). When compared to the HIV non-
infected patients, this number was remarkably higher 
(p < 0.001). The patients without HIV infection aged 
between 14 and 92 years, with those aged 45–59, showed 
the highest proportion (162/443, 36.6%). Compared to 
the HIV-infected patients, the proportions among 45–59 

Conclusions: There was a significant difference in the spectrum of lung diseases between HIV‑infected and non‑
infected patients diagnosed by BALF cytopathology.

Keywords: HIV/AIDS‑related lung disease, Bronchoalveolar lavage fluid, Cytopathology, Pathogen morphology
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age range (163/443, 36.6%), 60–74 age range (129/443, 
29.1%), and 75 + age range (26/443, 5.9%) were all 
remarkably higher (Table 1).

1045 specific lesions were found in cytological smears 
of 1768 BALF specimens of HIV patients (59.1%), includ-
ing 1034 cases of infectious diseases and 11 of neoplas-
tic lesions, exhibiting a prominently higher proportion 
compared to the patients without HIV (54/443,12.2%) 
(p < 0.001). For the HIV-infected group, a distinctly higher 
proportion of single infection lesions (724/1768, 41%) 
was noted than the HIV-uninfected group (14/443, 3.2%) 
(p < 0.001). Double (300/1768, 17.0%) and Triple infec-
tions (10/1768, 0.6%) were found only among the patients 
with HIV. Among single infection lesions, the most com-
mon was CMV infection (20.9%), followed by PJ (13.0%), 
Fungal (3.5%), and Mycobacterial infections (3.4%). Fun-
gal infections in AIDS patients included 41 cases (2.3%) 
of Mildew, 13 (0.7%) of Cryptococcus, 3 (0.2%) of Talaro-
myces marneffei, 3 (0.2%) of Histoplasma and 2 (0.1%) of 
Actinomycetes. Mycobacterial infections were found in 
60 HIV patients (3.4%), of which 55 cases (3.1%) were M. 
tuberculous, and 5 (0.3%) were non-tuberculous, includ-
ing infections with Mycobacterium avium Complex 
(MAC, 2 cases), Mycobacterium kansasii (M. kansasii, 
2 cases) and Mycobacterium szulgai (M. szulgai, 1 case). 
Compared to HIV-uninfected patients, HIV-infected 
patients exhibited a markedly higher proportion of CMV 
(p < 0.001), PJ (p < 0.001), and fungal infections (p = 0.009). 
Among double infections, the most common lesions were 
PJ combined with CMV infections (221, 12.5%), followed 
by CMV combined with fungal infections (40, 2.3%), 
CMV combined with mycobacterial infections (24, 1.4%), 
CMV combined with other bacterial infections (4, 0.2%) 
and PJ combined with mycobacterial infections (3, 0.2%). 
Among triple infection lesions, there were 9 cases (0.5%) 

of PJ, CMV combined with fungal infections, and 1 case 
of PJ, CMV combined with mycobacterial infection (0.1%) 
(Table 2). All cases were confirmed by pathogen culture or 
follow-up clinical treatment.

In addition, 11 cases (0.6%) of neoplastic lesions in 
HIV patients were found, including pulmonary adeno-
carcinoma (4 cases), pulmonary small cell carcinoma (3 
cases), pulmonary squamous cell carcinoma (2 cases), 
and diffuse large B-cell lymphoma (2 cases), with sig-
nificantly lower incidences of neoplastic lesions (0.6% 
vs. 9.0%, p < 0.001), squamous cell carcinoma (0.1% vs. 
4.3%), Adenocarcinoma (0.2% vs. 3.2%) and small cell 
carcinoma (0.2% vs. 1.4%) compared to the HIV-negative 
patients (p < 0.001) (Table 2). These were all confirmed by 
pathological tissue biopsy.

Pathogens and cell morphology
CMV mainly affects alveolar epithelial cells
The affected cells increase in volume and form giant cells 
or nuclear inclusion bodies. These inclusion bodies were 
purple-blue or purple-red, round or oval, with empty 
halos around them, showing an "owl’s-eye" appearance. 
Other CMV inclusions were characterized by the afflu-
ent rough eosinophilic inclusions of cytoplasm inside 
the enlarged cells in the absence of clear inclusions of the 
nucleus. CMV immunocytochemistry showed an "owl’s-
eye" like structure (Fig. 1a).

The main pathological changes of PJ infection were 
interstitial and alveolar pneumonia
In the HE stained BALF smears, focally distributed pink 
foam or honeycomb materials were observed. It con-
tained piles of PJ cysts. The walls of the GMS-stained 
cysts were black, regular, or irregular, with prominent 
nuclei (Fig. 1b).

Table 1 Comparison of demographic profile between patients with and without HIV infection

HIV infected patients 
(cases)

HIV uninfected patients 
(cases)

Total t/x2 P value

Sex

 Male 1635 (92.5%) 315 (71.1%) 1950 155.403  < 0.001

 Female 133 (7.5%) 128 (28.9%) 261

Age

 Average/Median 38.5 ± 11.3/36 52.9 ± 14.9/54 41.4 ± 13.4/39 61.853  < 0.001

 Range 10–96 14–92

 0–17 6 (0.3%) 3 (0.7%) 9 0.997 0.318

 18–44 1245 (70.4%) 123 (27.8%) 1368 73.191  < 0.001

 45–59 428 (24.2%) 162 (36.6%) 590 27.665  < 0.001

 60–74 86 (4.9%) 129 (29.1%) 215 237.406  < 0.001

 ≥ 75 3 (0.2%) 26 (5.9%) 29 88.895  < 0.001

Total 1768 443 2211



Page 4 of 10Chen et al. BMC Pulmonary Medicine           (2022) 22:55 

Table 2 Comparison of cytological diagnosis of bronchoalveolar lavage fluid between patients with and without HIV infection

Diagnosis HIV infected 
patients(cases)

HIV uninfected 
patients(cases)

Total x2 P value

Specific lesions 1045 (59.1%) 54 (12.2%) 1099 311.909  < 0.001

 Single infection 724 (41.0%) 14 (3.2%) 738 227.493  < 0.001

Pneumocystis jiroveci infection (PJ) 229 (13.0%) 0 229 64.009  < 0.001

 Cytomegalovirus infection(CMV) 370 (20.9%) 0 370 111.342  < 0.001

 Mycobacterial infection 60 (3.4%) 9 (2.0%) 69 2.174 0.140

  M. tuberculosis 55 (3.1%) 9 (2.0%) 64 1.468 0.226

  Nontuberculous mycobacteria 5 (0.3%) 0 5 1.256 0.262

 Fungal infection 62 (3.5%) 5 (1.1%) 67 6.818 0.009

  Mildew 41 (2.3%) 5 (1.1%) 46 2.464 0.116

  Cryptococcosis 13 (0.7%) 0 13 3.277 0.070

  Talaromyces marneffei 3 (0.2%) 0 3 0.753 0.386

  Histoplasma 3 (0.2%) 0 3 0.753 0.386

  Actinomycetes 2 (0.1%) 0 2 0.502 0.479

 Bacteria infection 3 (0.2%) 0 3 0.753 0.386

 Double infection 300 (17.0%) 0 300 86.970  < 0.001

  PJ combined with CMV infection 221 (12.5%) 0 221 61.525  < 0.001

  PJ combined with mycobacterial infection 3 (0.2%) 0 3 0.753 0.386

  PJ combined with Fungal infection 8 (0.5%) 0 8 2.012 0.156

  CMV combined with mycobacterial infection 24 (1.4%) 0 24 6.080 0.014

  CMV combined with Fungal infection 40 (2.3%) 0 40 10.207 0.001

  CMV combined with Bacteria infection 4 (0.2%) 0 4 1.004 0.316

Triple infection 10 (0.6%) 0 10 2.517 0.113

  PJ, CMV combined with fungal infection 9 (0.5%) 0 9 2.264 0.132

  PJ, CMV combined with mycobacterial infection 1 (0.1%) 0 1 0.251 0.617

 Neoplastic lesions 11 (0.6%) 40 (9.0%) 51 111.109  < 0.001

  Squamous cell carcinoma 2 (0.1%) 19 (4.3%) 21 65.659  < 0.001

  Adenocarcinoma 4 (0.2%) 14 (3.2%) 18 37.765  < 0.001

  Small cell carcinoma 3 (0.2%) 6 (1.4%) 9 12.264  < 0.001

  Diffuse large B lymphoma 2 (0.1%) 0 2 0.502 0.479

 Squamous papilloma 0 1 (0.2%) 1 3.993 0.046

Non‑specific lesions 723 (40.9%) 389 (87.8%) 1112 311.909  < 0.001

Total 1768 443 2211

Fig. 1 a CMV immunocytochemistry show "owl’s‑eye" like structure. CMV‑IHCx40. b The walls of the PJ cysts stained with GMS are black, regular or 
irregular, with obvious nuclei GMSx40
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Mycobacterium BALF smear with HE‑staining showed 
a small number of epithelioid cells and fibrous tissue cells, 
and a small amount of caseous necrosis was seen in some 
cases
In Fig.  2a, red, slightly curved, and slender bacilli-form 
mycobacteria were revealed upon acid-fast staining of 
Mycobacterium tuberculosis. Smears of Mycobacterium 
avium Complex (MAC) infections showed macrophages 
with foamy cytoplasm; MAC was mainly located in the 
cytoplasm of these macrophages, which could also be 
shown by acid-fast staining (Fig.  2b). Mycobacterium 
kansasii was confirmed by lung biopsy and a mycobacterial 
typing test. Histology showed granulomatous inflammation, 
histiocyte proliferation with lymphocyte infiltration without 
necrosis. As revealed by acid-fast stain, elongated rod-like 
bacilli were present, beaded irregularly and coarsely, often 
folded or curved (Fig. 2c).

Fungal infections mainly included Mildew, Cryptococcus, 
Talaromyces marneffei, Histoplasma, and Actinomycetes
The thickness of the hyphae of Mildew in the smear was 
the same, with transverse and acute-angled branches. They 
were arranged radially in the same direction and black in 

GMS staining. The hyphae repeatedly branched in the 
same direction in some areas, showing a chrysanthemum-
like structure, and the cross-section was vacuous (Fig. 3a). 
The hyphae stained with PAS were purple-red. In the 
HE-staining of Cryptococcus BALF smears, cryptococcal 
spores were observed. The spores were round, translucent, 
thick gel-like double-layered capsule, nucleoli not obvious, 
and often gathered in piles; GMS-stained cyst wall was 
dark-brown, cell body shrunk after fixation, the cell wall 
was sunken, and the side was crescent-shaped (Fig.  3b). 
Talaromyces marneffei in the smear had circular or oval 
morphology, with some resembling "sausage" containing a 
central, dot-like pattern. A distinct central septum was eas-
ily observable in these yeast-like microorganisms on GMS 
and PAS staining (Fig. 3c).

In this study, the main neoplastic lesions in BALF were 
adenocarcinoma, squamous cell carcinoma, and small cell 
carcinoma, all were confirmed by tissue biopsy
In the BALF smear of lung adenocarcinoma, there were 
scattered clusters of adenocarcinoma cells, showing 
a three-dimensional adenoid structure, with deviated 
nuclei, crowded arrangement, high nuclear-to-plasma 

Fig. 2 a Mycobacterium tuberculosis showed red, rod shaped, slender and slightly curved mycobacteria AFCx100. b Mycobacterium avium Complex 
were mainly located in the cytoplasm of macrophages. AFCx100. c Mycobacterium kansasii demonstrated long slender bacilli, often curved or folded 
and showed irregular coarse beading. AFCx100

Fig. 3 a Hyphae branch of Mildew repeatedly in the same direction, showing a chrysanthemum‑like structure. GMSx40. b The cryptococcal 
spores are round, translucent, and thick gel‑like double layered capsule, GMS stained cyst wall is dark brown. GMSx40. c Talaromyces marneffei were 
characterized by round or oval shape, some like a “sausage”, bearing a central dot‑like structure. PASx100
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ratio, coarse nuclear chromatin, and intra-cytoplasmic 
vacuoles (Fig. 4a). In the BALF smear of lung squamous 
cell carcinoma, there were scattered squamous cells with 
abundant cytoplasm, enlarged and darkly stained nuclei, 
irregular morphology, and coarse and granular nuclear 
chromatin (Fig. 4b). In the BALF smear of small cell can-
cer, the cancer cells were round or elliptical and arranged 
into loose cell clusters. The nuclei were irregular and eas-
ily deformed. The nuclei were stained in different shades, 
relatively fine, and no nucleoli were observed (Fig. 4c). In 
addition, Diffuse Large B-cell Lymphoma (2 cases) were 
detected from BALF of patients with HIV infection. In 
the BALF smears of this lymphoma, atypical large lym-
phoid cells were scattered in the necrotic background. 
The nuclei were large and darkly stained, round or oval, 
with rough nuclear chromatin and debris (Fig. 4d).

Discussion
In HIV/AIDS patients, opportunistic infections and 
tumors associated with HIV are major causes of death, 
and the lung is the most easily affected part [1]. A wide 

variety of pulmonary diseases can affect HIV/AIDS 
patients, such as opportunistic infections by numer-
ous viral, fungal, and parasitic pathogens [2]. Recently, 
bronchoalveolar lavage through fiberoptic bronchoscopy 
has been widely used to obtain specimens. Since BALF 
directly comes from the lower respiratory tract, it can 
directly reflect the physiological and pathophysiological 
characteristics of the lung [3].

In this study, there were 1045 abnormalities (59.1%) 
in cytology smears of BALF specimens from 1768 HIV/
AIDS patients, with 1635 males (92.5%) and 133 (7.5%) 
females, whose mean age was 38.5 years, indicating that 
middle-aged and young men were at high risk of HIV 
infection and AIDS-related lung diseases. The aver-
age age and sex ratio of HIV patients in this study were 
consistent with the literature reports [4]. However, there 
were 54 abnormalities (12.2%) in cytology smears of 
BALF specimens from 443 HIV-uninfected patients, con-
sisting of 315 males and 128 females with an average age 
of 52.9 years. In HIV-uninfected patients, tumor lesions 
(40/54, 74.1%) were higher than other lesions in BALF, 

Fig. 4 a Lung adenocarcinoma. scattered clusters of adenocarcinoma cells show a three‑dimensional adenoid structure, with deviated nuclei, 
crowded arrangement, high nuclear‑to‑plasma ratio, coarse nuclear chromatin, and intracytoplasmic vacuoles. HEx40. b Lung squamous cell 
carcinoma. scattered squamous cells show abundant cytoplasm, enlarged and darkly stained nuclei, irregular morphology. HEx40. c Lung small 
cell cancer. Cancer cells are round or elliptical, and can be arranged into loose cell clusters. The nuclei are irregular, easily deformed and are stained 
in different shades, relatively fine, no nucleoli are seen. HEx40. d Diffuse large B‑cell lymphoma. Scattered atypical lymphoid large cells in the 
background of necrosis. The nuclei are large and darkly stained, round or oval, with rough nuclear chromatin and nuclear debris. HEx40
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indicating that middle-aged and older people were at 
high risk of tumor lesions.

Pneumonia risk is higher in HIV infection with lower 
CD4 + T cell count, and several pathogens cause pneu-
monia [5]. Among AIDS-combined viral infections, the 
most frequent type is CMV infection, with the detection 
rate in AIDS autopsy as high as 63.1% [6]. Most infec-
tions are caused by virus activation during the late immu-
nosuppression of AIDS patients. As a two-stranded DNA 
virus, the human CMV or human herpesvirus 5 (HHV-5) 
usually infects most individuals in their early life, which 
later remains lifelong in a latency. For advanced immu-
nocompromised patients, viral reactivation is the patho-
genesis of most infections. Typically, the infection occurs 
on the decline of CD4 + T cell count (below 50 cells/µL) 
among HIV-infected patients [7]. In this study, CMV 
pneumonia occurred in HIV-infected patients, with a 
detection rate of 20.9%. In addition, when there are other 
infectious factors, especially coexisting with PJ, CMV 
is often detected in the BALF [7]. In this study, PJ com-
bined CMV infection occurred in HIV-infected people, 
and the detection rate was 12.5%. CMV retinitis is the 
most common AIDS-related ocular abnormalities, HIV 
infected patients presented with granular appearance of 
the fundus lesions with often unilateral involvement [8].

Moreover, when an HIV-infected individual shows 
extrapulmonary CMV disease with both lung infiltra-
tions and other pathogens that cause pneumonia can-
not be detected in the BALF, CMV pneumonia should 
also be suspected [9]. The methods for diagnosing CMV 
infection include detection of CMV antibody in serum, 
PCR, and virus culture from serum and BALF, and lung 
biopsy. CMV culture from blood and BALF has a positiv-
ity rate of 8–25% in the early stage, and the positive rate 
of CMV antigen in the blood is only 17% [10]. Neverthe-
less, the combined detection using multiple methods can 
significantly improve the detection rate of CMV. Culture 
of tracheal secretions combined with PCR of blood and 
tracheal secretions have a positivity rate of 35–41% [10]. 
We suggest that only a typical pathogenic effect ("owl’s 
eye "cells) detected in the BALF cytology smear can be 
considered as the presence of CMV pneumonia. In our 
study, the positivity rate of CMV detected by cell mor-
phology and PCR was 20.9%.

During the early days of the US and European AIDS 
epidemic, Pneumocystis jiroveci pneumonia (PJP) was 
the most common opportunistic infection among AIDS 
patients. About 70 to 80% of AIDS patients had PJP, 
and 20 to 40% died [11]. With the widespread applica-
tion of anti-retroviral therapy (ART) and trimethoprim-
sulfamethoxazole chemoprophylaxis (TMP-SMX), a 
remarkable reduction in PJP incidence was achieved 
among HIV-infected populations. Despite this, PJP is 

one major cause of opportunistic infection among these 
populations and is considered a serious health issue [12]. 
PJ belongs to the protozoan parasite, parasitic to the 
human alveoli. Because of the decreased  CD4+ T cells, 
the immune function of AIDS patients is declined, and 
thus the ability to clear PJ in the alveoli is reduced, allow-
ing it to multiply in the alveoli. The clinical symptoms 
and imaging features of PJP are not obvious, and the 
diagnosis is difficult. The definitive diagnosis of Pneumo-
cystis often relies on a histopathology or cytopathology 
sputum or BALF demonstration since in-vitro culturing 
of the organism is impossible, and the diagnosis is con-
firmed under a microscope after special staining. A few 
techniques are available for staining the organism. The 
pathological changes of PJP are mainly diffuse exuda-
tion of eosinophilic serous fluid and foam-like changes 
in the alveoli, with several cysts. The BALF smear shows 
a focally distributed pink foamy or honeycomb-like sub-
stance containing piles of PJ Cyst. GMS staining is cur-
rently recognized as a staining method to determine 
PJ [13]. In addition, Immunocytochemical staining of 
BALF smears with specific antibodies against PJ can also 
be used, but the positive rate is not high. With the pro-
gress in PJP genome research, primers can be designed 
for different subtypes, and the PCR method for detect-
ing different PJP subtypes can be successfully achieved. 
Molecular detection of Pneumocystis in BALF has 
become an essential diagnostic tool. The clinical PJP 
diagnosis has improved, owing to highly specific and sen-
sitive PCR instruments enabling precise early diagnosis 
of  Pneumocystis  infections, which should shorten the 
duration from symptom onset to therapy, a prognosti-
cally significant period [14].

HIV combined tuberculosis infection is in the top ten 
causes of death globally. The high mortality is signifi-
cantly attributed to the interaction of these two patho-
gens. Tuberculosis infection is the main opportunistic 
infection and cause of death of HIV-infected individuals 
[15]. The possibility and mortality rate of HIV-infected 
people who develop the active disease after being infected 
with tuberculosis is significantly increased. Pulmonary 
tuberculosis is the most common form of tuberculosis in 
HIV-infected persons. Some studies showed that HIV-
infected persons are more likely to have "non-classical" or 
atypical chest radiographs compared with HIV-negative 
persons. HIV-positive individuals with normal  CD4+ T 
cell counts manifest traditional symptoms of pulmonary 
TB, such as pleural effusions and lymph node lesion, 
while few symptoms restricted to the pulmonary apices 
also occur. In advanced stage AIDS, mycobacteraemia 
and disseminated extrapulmonary lesion are often caused 
by M. tuberculosis [16]. In this study, the detection rate of 
mycobacteria was only 3.67%, which was lower than the 
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incidence of extrapulmonary lymph node tuberculosis in 
our previous study [17], partly due to the lack of tuber-
culosis cavity lesions. In addition, because sub-clinical 
tuberculosis is inactive, the amount of tuberculosis bac-
teria obtained by the lavage fluid is less, which further 
increases the difficulty of detection [18]. As the disease 
progresses, most HIV patients with subclinical tubercu-
losis symptoms will eventually have typical symptoms 
of tuberculosis. When HIV-infected persons with sub-
clinical tuberculosis start anti-retroviral therapy, they 
may also have typical symptoms of tuberculosis because 
their immune system is restored, which is called immune 
reconstitution inflammatory syndrome (IRIS) [19]. At 
this time, the detection rate of mycobacteria is increased 
in BALF.

Non-tuberculous mycobacteria (NTM), another mem-
ber of the Mycobacterium genus aside from Mycobacte-
rium leprae and Mycobacterium tuberculosis complex, 
are widespread in both natural and anthropogenic envi-
ronments, primarily in water, soil, and biofilms. NTM 
can induce various diseases in humans, especially affect-
ing the lungs [20]. Overall, in industrialized countries, 
the incidence of MAC infection in general and HIV pop-
ulations is increasing while the incidence of tuberculo-
sis continues to decrease [21]. The most reported NTM 
infection in HIV patients was Mycobacterium avium 
complex and M. kansasii[20]. In this study, MAC, M. 
kansasii, and M. szulgai were detected in BALF of HIV-
infected patients. PCR reverse dot blot hybridization was 
used to identify 22 species of Mycobacterium.

Many resource-abundant regions showed a reduced 
incidence of systemic fungal infections among HIV 
patients after introducing ART and earlier HIV diag-
nosis and therapy. However, such incidence is yet to 
decline in many resource-scarce settings, where the diag-
nosis is persistently late, and there are challenges with 
HIV retention care [22]. Three main fungi groups cause 
lung infections in HIV patients: Aspergillus, Cryptococ-
cus neoformans, and Biphasic fungi [7]; all found in our 
study. Aspergillus is ubiquitous, especially Aspergillus 
fumigatus, which most frequently infect the HIV popu-
lation [23]. Neutropenia, glucocorticoids application, 
 CD4+ T cell count less than 50 cells/µL are significant 
risk factors for invasive aspergillosis [23]. Cell smears or 
tissue sections with mold hyphae are the basis for diag-
nosis. Aspergillus hyphae are light blue translucent, with 
consistent thickness, septa, and acute-angled branches 
arranged radially in the same direction and are highly 
invasive. Cryptococcal infection is mainly caused by 
spore aspiration or yeast cells, and a pulmonary lymph 
node syndrome is formed during the early infectious 
period; the form is like tuberculosis [7]. Cryptococcal 
infections in HIV patients are caused by latent infections 

or activation of primary infections. Most cryptococcal 
infections occur among individuals having less than 200 
 CD4+ T cells/µL, and a  CD4+ T cell count of ≤ 100 cells/
µL is recommended as the routine criterion by the World 
Health Organization for screening cryptococcal infec-
tion of HIV/AIDS patients [24]. Cryptococcal infection is 
usually manifested as disseminated infection with men-
ingitis in HIV-infected patients. In immunological terms, 
cryptococcal meningitis is expected to be more prevalent 
at lower instead of higher levels of  CD4+ T cells, given 
the worse immunosuppression and weaker infection 
controllability of individuals [25]. Lumbar puncture is a 
must for all HIV/AIDS patients contracting cryptococ-
cal pneumonia to exclude the central nervous system 
involvement. Biphasic fungi mainly include Histoplasma 
and Penicillium marneffei, which produce infectious soft 
wart-like skin lesions, hepatosplenomegaly, and lym-
phadenectasis. The diagnosis is confirmed by skin biopsy 
and lymph node puncture smear. Our previous study 
found Histoplasma and Penicillium marneffei infection in 
lymph node puncture smears [17].

The clinical types and flora distribution of lung infec-
tions in HIV/AIDS patients differ from those with normal 
immune functions. Multiple pathogens are often present 
simultaneously, and the infection spectrum is complex 
and changeable [26]. The HIV/AIDS patients were clini-
cally present with non-specific lung infections, whose 
imaging demonstrations were diversified. The diagnosis 
of any specific pathogen cannot be confirmed and may 
overlap with non-infectious lung diseases. Therefore, 
bronchoscopy and cytology smears are required to con-
firm the diagnosis.

In addition to AIDS-related opportunistic infections, 
another notable feature of the AIDS population is the 
increase in malignant tumors. Since people began to rec-
ognize AIDS in the early 1980s, they noticed that certain 
tumors are closely related to AIDS. Among them, the 
most common AIDS-associated malignancy is Kaposi’s 
sarcoma (KS), but its incidence dropped significantly [11] 
due to anti-retroviral therapy. One-third of KS clinically 
has lung involvement, but KS was not found in this group, 
and we previously found only 4 cases in 453 lymph node 
lesions [17]. For AIDS patients without mucocutaneous 
involvement, the difficulty of diagnosing KS increases due 
to the usually co-prevalent opportunistic infections or 
other tumors. Despite being the most sensitive procedure 
for pulmonary KS evaluation, bronchoscopy can hardly 
accurately diagnose when the typical endobronchial 
lesions are absent [27]. The second most prevalent AIDS-
associated malignancy is Non-Hodgkin’s lymphoma 
(NHL). Studies have shown that 30% of AIDS-related 
NHL patients have various pulmonary complications 
[11]. This group found 2 cases of non-Hodgkin diffuse 
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large B-cell lymphoma. Among the HIV-positive patients, 
NHL is deemed either a secondary body/extension of the 
extrapulmonary origin or primary pulmonary NHL, a 
distinctive form. The occurrence of primary pulmonary 
lymphoma is scarce in immunocompromised and immu-
nocompetent individuals, and its morbidity is unknown, 
especially among HIV-infected individuals [28].

Lung cancer has become the most common non-
AIDS-related malignant tumor in HIV-infected indi-
viduals. Some epidemiological studies have shown that 
the incidence and mortality of lung cancer among HIV-
infected patients tend to increase, which may be due to 
the longer survival time of patients with anti-retroviral 
therapy, leading to an increase in the incidence of lung 
cancer [29]. This group showed 11 cases of lung can-
cer, including adenocarcinoma (4 cases), squamous cell 
carcinoma (2 cases), and small cell carcinoma (3 cases). 
Pulmonary cancer occurs among HIV-positive patients 
at 25–30  years of age on average, earlier than the gen-
eral population, and besides, there were few smokers. 
Although anti-retroviral therapy can increase the  CD4+ 
cell count and postpone the disease progression, the out-
come is still not good [30].

Conclusions
A significant difference in the spectrum of lung diseases 
between HIV-infected and non-infected people, CMV, 
PJ, Fungal, and Mycobacterial infections are the main 
findings in HIV/AIDS-related lung disease. Double 
and Triple infections were found only in HIV-infected 
patients. Thus, BALF cytopathology provides pathogen 
morphological evidence and has significant clinical value.

Abbreviations
HIV: Human immunodeficiency virus; AIDS: Acquired immunodeficiency 
syndrome; BALF: Bronchoalveolar lavage fluid; IHC: Immunohistochemical; HE: 
Haematoxylin and eosin; PAS: Periodic acid schiff; GMS: Gomori’s methena‑
mine silver; TB: Tuberculosis; MAC: Mycobacterium avium complex; NTM: 
Nontuberculous mycobacterium; PJ: Pneumocystis jiroveci; PJP: Pneumocystis 
jiroveci pneumonia.

Acknowledgements
Not applicable.

Authors’ contributions
XMC and LS designed the research study and wrote the manuscript. XMC, 
LZ, ZYM, ML and LMQ performed the lab work and data collection. KY, JMC, 
XYH and XGZ performed analysis of data. HXZ conducted the clinical work. 
PW edited the manuscript. All the authors have read and approved the final 
version of this manuscript.

Funding
This work was supported by Beijing Municipal Administration of Hospitals’ 
Ascent Plan (DFL20191802) and Beijing Municipal Administration of Hospitals 
Clinical Medicine Development of Special Funding Support (ZYLX202126).

Availability of data and materials
The datasets used and/or analyzed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by Ethics Committee of Beijing Ditan Hos‑
pital, Capital Medical University (2021–022‑01). Written informed consent was 
obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Pathology, Beijing Ditan Hospital, Capital Medical University, 
No. 8 Jing Shun East Street, Chaoyang District, Beijing 100015, People’s Repub‑
lic of China. 2 Center for Infectious Diseases, Beijing Ditan Hospital, Captial 
Medical University, Beijing 100015, People’s Republic of China. 

Received: 9 August 2021   Accepted: 2 February 2022

References
 1. Twigg HL 3rd, Weinstock GM, Knox KS. Lung microbiome in human 

immunodeficiency virus infection. Transl Res. 2017;179:97–107.
 2. Skalski JH, Limper AH. Fungal, viral, and parasitic pneumonias associ‑

ated with human immunodeficiency virus. Semin Respir Crit Care Med. 
2016;37(2):257–66.

 3. Zhao Y, Dai X, Ji J, Cheng P. Bronchial lavage under fiberoptic bronchos‑
copy in the treatment of severe pulmonary infection. Pak J Med Sci. 
2020;36(3):396–401.

 4. Marcus JL, Leyden WA, Chao CR, Horberg MA, Klein DB, Quesenberry CP 
Jr, et al. Immunodeficiency, AIDS‑related pneumonia, and risk of lung 
cancer among HIV‑infected individuals. AIDS. 2017;31(7):989–93.

 5. Caiaffa WT, Graham NM, Vlahov D. Bacterial pneumonia in adult popula‑
tions with human immunodeficiency virus (HIV) infection. Am J Epide‑
miol. 1993;138(11):909–22.

 6. Katano H, Hishima T, Mochizuki M, Kodama Y, Oyaizu N, Ota Y, et al. The 
prevalence of opportunistic infections and malignancies in autopsied 
patients with human immunodeficiency virus infection in Japan. BMC 
Infect Dis. 2014;14:229.

 7. Pupaibool J, Limper AH. Other HIV‑associated pneumonias. Clin Chest 
Med. 2013;34(2):243–54.

 8. Doshi B, Khatib NZ, Phatak S, Modi R, Tiwari S, Subramanyam A. Do we 
need separate screening strategies for cytomegalovirus retinitis in differ‑
ent underlying immunosuppressed states? A retrospective study from 
Western India. Indian J Ophthalmol. 2021;69(3):623–8.

 9. Rodriguez‑Barradas MC, Stool E, Musher DM, Gathe J Jr, Goldstein J, 
Genta RM, et al. Diagnosing and treating cytomegalovirus pneumonia in 
patients with AIDS. Clin Infect Dis. 1996;23(1):76–81.

 10. Papazian L, Hraiech S, Lehingue S, Roch A, Chiche L, Wiramus S, et al. 
Cytomegalovirus reactivation in ICU patients. Intensive Care Med. 
2016;42(1):28–37.

 11. Murray JF. Epidemiology of human immunodeficiency virus‑associated 
pulmonary disease. Clin Chest Med. 2013;34(2):165–79.

 12. Shibata S, Kikuchi T. Pneumocystis pneumonia in HIV‑1‑infected patients. 
Respir Investig. 2019;57(3):213–9.

 13. Lu JJ, Lee CH. Pneumocystis pneumonia. J Formos Med Assoc. 
2008;107(11):830–42.

 14. Guegan H, Robert‑Gangneux F. Molecular diagnosis of Pneumocystis 
pneumonia in immunocompromised patients. Curr Opin Infect Dis. 
2019;32(4):314–21.

 15. Lawn SD, Zumla AI. Tuberculosis Lancet. 2011;378(9785):57–72.
 16. Bell LCK, Noursadeghi M. Pathogenesis of HIV‑1 and Mycobacterium 

tuberculosis co‑infection. Nat Rev Microbiol. 2018;16(2):80–90.
 17. Sun L, Zhang L, Yang K, Chen XM, Chen JM, Xiao J, et al. Analysis of 

the causes of cervical lymphadenopathy using fine‑needle aspiration 



Page 10 of 10Chen et al. BMC Pulmonary Medicine           (2022) 22:55 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

cytology combining cell block in Chinese patients with and without HIV 
infection. BMC Infect Dis. 2020;20(1):224.

 18. Getahun H, Harrington M, O’Brien R, Nunn P. Diagnosis of smear‑
negative pulmonary tuberculosis in people with HIV infection or AIDS in 
resource‑constrained settings: informing urgent policy changes. Lancet. 
2007;369(9578):2042–9.

 19. Manabe YC, Breen R, Perti T, Girardi E, Sterling TR. Unmasked tubercu‑
losis and tuberculosis immune reconstitution inflammatory disease: a 
disease spectrum after initiation of antiretroviral therapy. J Infect Dis. 
2009;199(3):437–44.

 20. Horne D, Skerrett S. Recent advances in nontuberculous mycobacterial 
lung infections. F1000Res. 2019;8:1710.

 21. Adjemian J, Daniel‑Wayman S, Ricotta E, Prevots DR. Epidemiology 
of nontuberculous mycobacteriosis. Semin Respir Crit Care Med. 
2018;39(3):325–35.

 22. Limper AH, Adenis A, Le T, Harrison TS. Fungal infections in HIV/AIDS. 
Lancet Infect Dis. 2017;17(11):e334–43.

 23. Mylonakis E, Barlam TF, Flanigan T, Rich JD. Pulmonary aspergillosis and 
invasive disease in AIDS: review of 342 cases. Chest. 1998;114(1):251–62.

 24. McKenney J, Bauman S, Neary B, Detels R, French A, Margolick J, et al. 
Prevalence, correlates, and outcomes of cryptococcal antigen positivity 
among patients with AIDS, United States, 1986–2012. Clin Infect Dis. 
2015;60(6):959–65.

 25. Spec A, Powderly WG. Cryptococcal meningitis in AIDS. Handb Clin 
Neurol. 2018;152:139–50.

 26. Nyamogoba HD, Mbuthia G, Mining S, Kikuvi G, Biegon R, Mpoke S, et al. 
HIV co‑infection with tuberculous and non‑tuberculous mycobacteria in 
western Kenya: challenges in the diagnosis and management. Afr Health 
Sci. 2012;12(3):305–11.

 27. Nguyen P, Knapp‑Wachsner A, Hsieh CG, Kamangar N. Pulmonary kaposi 
sarcoma without mucocutaneous involvement: the role of sequential 
thallium and gallium scintigraphy. J Clin Imaging Sci. 2019;9:12.

 28. Sigel K, Pitts R, Crothers K. Lung Malignancies in HIV Infection. Semin 
Respir Crit Care Med. 2016;37(2):267–76.

 29. Winstone TA, Man SFP, Hull M, Montaner JS, Sin DD. Epidemic of lung 
cancer in patients with HIV infection. Chest. 2013;143(2):305–14.

 30. D’Jaen GA, Pantanowitz L, Bower M, Buskin S, Neil N, Greco EM, et al. 
Human immunodeficiency virus‑associated primary lung cancer in the 
era of highly active antiretroviral therapy: a multi‑institutional collabora‑
tion. Clin Lung Cancer. 2010;11(6):396–404.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Cytopathological analysis of bronchoalveolar lavage fluid in patients with and without HIV infection
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	HIVAIDS-related lung disease prevalence and distribution
	Pathogens and cell morphology
	CMV mainly affects alveolar epithelial cells
	The main pathological changes of PJ infection were interstitial and alveolar pneumonia
	Mycobacterium BALF smear with HE-staining showed a small number of epithelioid cells and fibrous tissue cells, and a small amount of caseous necrosis was seen in some cases
	Fungal infections mainly included Mildew, Cryptococcus, Talaromyces marneffei, Histoplasma, and Actinomycetes
	In this study, the main neoplastic lesions in BALF were adenocarcinoma, squamous cell carcinoma, and small cell carcinoma, all were confirmed by tissue biopsy


	Discussion
	Conclusions
	Acknowledgements
	References


