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Abstract
Background: Pneumocystis pneumonia (PCP) is common in HIV/AIDS patients with advanced
immunosuppression. Trimethoprim/sulfamethoxazole (TMP/SMX) is recommended as the �rst-line anti-
pneumocystis agent as soon as PCP is suspected based on its typical feature. However, the clinical
characteristic and therapeutic strategy of Chinese PCP were not well-known. Methods: We retrospectively
investigated 473 HIV associated PCPs in North China from double centers, Beijing You An Hospital during
2010 to 2017 and the Infectious Disease Hospital in Harbin during 2015 to 2017. HIV associated PCP
were diagnosed as the guideline recommended by CDC, NIH and HIV Medicine Association of IDSA.
Demographic and clinic data were collected and statistically analysed as the parameter distribution
feature. Results: Among 473 HIV associated PCPs, we found that men were over-represented in PCP due
to the high incidence of HIV infection among male homosexuality, and over one-third of them were aware
of their HIV infection ago but did not maintain effective antiretroviral therapy. A history of smoking and
multi-organism infection or system infection were common among them. In the multivariate analysis, we
found lactate dehydrogenase (LDH) (OR 1.020, 95% CI 1.006-1.033, P=0.005), alveolar-arterial O2
difference ([A-a] DO2) and neutrophils counts (OR 1.051, 95% CI 1.005-1.099, P=0.030) were unfavourable
predictors and CD4 cell counts (OR 0.900, 95% CI 0.813-0.996, P=0.041) were favourable predictor of PCP
outcome. Trimethoprim/sulfamethozole (TMP/SMZ) but not TMP/SMX was used to anti-pneumocystis
therapy in these patients with a low side-effect incidence which mainly forcused on epispasis, fever, liver
injury and myelosuppression. Caspofungin was the only alternative medicine for those presented poor
e�cacy or could not tolerate the side-effects of TMP-SMZ and near 30 percent of moderate/severe PCP
received glucocorticoid treatment. Conclusion: The present data suggest that high levels of serum-LDH,
[A-a] DO2 and neutrophils counts and low CD4 cell counts predict poor outcome of PCP. TMP/SMZ can
cure most PCPs with a low side-effect incidence and caspofungin is an effective alternation. A larger
prospective study is needed to obtain better estimates of PCP in China.

Background
Pneumocystis pneumonia (PCP), mainly caused by pneumocystis jirovecii, is a common opportunistic
infection in HIV/AIDS patients and non-HIV/AIDS patients with advanced immunosuppression [1, 2]. It is
estimated that nearly 500,000 cases of PCP occur annually in the world [3]. PCP remains a frequent AIDS-
de�ning disease in the developed countries, but the epidemiologic data from the developing countries
with high burden of HIV/AIDS are limited [4]. The diagnosis of pneumocystis infection usually meet the
di�culty that this fungal pathogen cannot be cultured and invasive bronchoalveolar lavage (BAL) is
necessary to improve positive diagnosis [5]. So most PCP cases were a presumptive diagnosis and
accompanied by empiric anti-Pneumocystis therapy. Trimethoprim/sulfamethoxazole (TMP/SMX) is
recommended as �rst-line anti-PCP and prophylaxis regimen, but high incidence of intolerable side
effects and putative sulfonamide drug resistance, and fewer alternative regimens are emerging concern
[4]. In China, HIV/AIDS is a high risk factor which contributes over 70 percent of PCP cases, far exceeding
organ transplantation, malignancy or hypoimmunity. The mortality of PCP patients was 14.61% even if
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anti-pneumocystis therapy [6]. The only anti-pneumocystis sulfonamide is trimethoprim/sulfamethozole
(TMP/SMZ) but not TMP/SMX in China. There is still a certain gap between China and developed
countries in the diagnosis and treatment of HIV associated PCP. Further, HIV/AIDS is managed and
admitted to the special hospitals for infectious diseases in China which cannot compare with general
hospitals in both medical equipment and technology. There is also a gap in the technology of diagnosis
and treatment of PCP between different regions of this country. Therefore, we selected Beijing You An
Hospital, one of the best medical condition in China, and the Infectious Disease Hospital in Harbin with
relatively backward medical condition to investigate the clinical feature, therapeutic strategy and
outcome of HIV associated PCP in North China, for the purpose of collecting references for draft
diagnosis and treatment norms of the disease.

Methods
Patients

473 HIV/AIDS patients with PCP infection who were received anti-PCP therapy in Beijing You An Hospital
during 2010 to 2017 and the Infectious Disease Hospital in Harbin during 2015 to 2017 were screened in
this study. All of them had a fever, cough or dyspnea symptom and were presumptively diagnosed PCP in
accordance with the typical diffuse ground glass obstacle (GGO) in chest X-ray scan and a positive HIV
screaning test and low CD4 cell counts. They did not confess their HIV infection before but a series of
tests con�rmed the suspected diagnosis. Demographic and clinical information were obtained from the
information network management center in both hospitals. This study was approved by the Ethics
Committee of Beijing You An Hospital.

Diagnosis of HIV infection and anti-HIV therapy

Western blotting was used as a de�nite diagnosis test for HIV infection in the patients with positive
serum anti-HIV antibody. HIV RNA load in plasma and CD4 cell counts were regularly monitored in these
patients. Most of these patients received �rst-line antiretroviral therapy (ART) including tenofovir (300mg
once per day) or zidovudine (300mg twice per day), lamivudine (300mg once per day) and efavirenz
(600mg once per day) or Nevirapine (200mg twice per day), and some of them received second-line ART
because of drug resistance in which efavirenz or Nevirapine was substituted by lopinavir/ritonavir
(400/100 mg twice per day). Both �rst-line and second-line ART were freely provided by China
government.

Pneumocystis Pneumonia diagnosis and grouping
As the guidelines from CDC, NIH and HIV Medicine Association of IDSA [2], a presumptive diagnosis
strategy for PCP included: 1) a de�nite HIV infection with CD4 counts below 200 cells/mm3, 2) subacute
onset of fever, dry cough, progressive dyspnea and chest tight, 3) high breath and heart rate with or
without dry rale or Velcro rale, 4) typical diffuse GGO starting from the hilus of the lungs in chest X-ray
examination, and 5) hypoxemia without hypercapnia in blood gas analysis. A further de�nitive diagnosis
of PCP included cytopathologic demonstration of organisms with Giemsa or Gram-Weigert stain in
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spontaneously expectorated or induced sputum, bronchoalveolar lavage (BAL) �uid, or in tissue.
Polymerase chain reaction (PCR) was selected as an rapid method for diagnosing PCP. PCP was divided
into mild group (room air arterial oxygen [pO2] ≥70 mm Hg or alveolar-arterial O2 difference [A-a] DO2
<35 mm Hg) and moderate/severe group ([A-a] DO2 ≥35 mm Hg).

Anti-Pneumocystis treatment

Once PCP was presumptively diagnosed, 21 days of trimethoprim-sulfamethozole (TMP-SMZ) were
rapidly selected as �rst-line anti-PCP therapy, in which TMP was 15-20 mg/kg/d and SMZ was 75-100
mg/kg/d. Caspofungin was selected as a combined treatment for the severe cases, or alternative
medicine for the cases those did not tolerate TMP-SMZ.

Statistical analysis

In univariate analysis, Mann-Whitney U test was used to analyse non-normal distribution variables, Chi-
square test was used for counting variable. Multivariate logistic regression analysis was used to obtain
the independent risk factors and OR values, and the prognostic model with independent risk factors. The
area under the curve (AUC), cut-off value, sensitivity and speci�city of the prognostic model were
analyzed with the receiver operating curve (ROC). A statistical signi�cance was de�ned as a value of
p<0.05 and PASW statistics 18 software was used in this study.

Results
1. Participants

Among the two recruitment sites, 429 participants were selected from Beijing You An Hospital, the
famous infectious disease hospital in the capital of the country, and 44 participants were selected from
the Infectious Disease Hospital in Harbin, located in northeast China. Although these participants were
only selected from the two sites, they were distributed throughout the country, especially North China (Fig.
1). Average age of these subjects was 38.9-year-old, and 95.35 percent of them were men owe to the high
HIV infection rate in men. 27.27 percent of subjects had a history of smoking. Over one-third (32.77%) of
these patients knew that they had infected HIV before, and 41.29 percent of them had received irregular
ART which did not effectively reconstitute host immunity. Most participants were homosexual (30.44%),
even if 49.05 percent of them intentionally or unintentionally concealing HIV infection route. Near half of
473 participants accompanied extra-lung organism infection (48.41%), and over two third of them had
other organism infection in lung (77.59%). The demographics of two groups were summarized in Table 1.
There was no difference in demographics between the two groups except for age and former lung
diseases.

2. The clinical feature of these patients with pneumocystis pneumonia

The consciousness of almost all 473 patients was clear even in severe cases (99.63% in mild group and
99.51% in moderate/severe group). The respiratory rates were fast in these patients (21.59±4.75 breath
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per minute in mild group and 23.18±5.82 breath per minute in moderate/severe group) and the respiratory
rates of moderate/severe group were faster than that of mild group (p<0.01). Similarly, heart rates were
relatively fast (93.07±15.89 beat per minute in mild group and 95.68±16.10 beat per minute in
moderate/severe group). Overall, average auxiliary temperature was 37.14°C in mild group and 37.40°C in
moderate/severe group and the body temperature of moderate/severe group were higher than that of
mild group (p<0.01). Mean blood pressure of these patients was in the normal range (87.38 mmHg in
mild group and 86.91 mmHg in moderate/severe group). The median of white blood cell counts was
5.26×109/L in mild group and 6.67×109/L in moderate/severe group, and white blood cell counts of
moderate/severe group was more than that of mild group (p<0.01). These patients had mild anemias and
the average hemoglobin were 118.15 g/L in mild group and 119.97 g/L in moderate/severe group.
Interestingly, the average platelet count of moderate/severe group (255.95×109/L) was more than that of
mild group(220.48×109/L, p<0.01) and the serum creatinine level of moderate/severe group
(62.44μmol/L) was lower than that of mild group (67.72μmol/L, p<0.01), which seem to differ from other
pneumonia and infectious diseases. The serum lactate dehydrogenase (LDH) and high-sensitivity C-
reactive protein (hCRP) of moderate/severe group (LDH 456.82 U/L and hCRP 57.40 mg/L) was higher
than that of mild group (LDH 328.65 U/L and hCRP 39.29 mg/L, p<0.01). However, two important
parameters of HIV infection, CD4 cell counts and plasma HIV loads were not different between two
groups in which CD4 cell counts were 53.53×106/L in mild group vs. 34.19×106/L in moderate/severe
group and plasma HIV loads were 5.3 log10 copies/mL in mild group vs. 5.25 log10 copies/mL in
moderate/severe group(p>0.05). The mortality of moderate/severe PCP (28.29%) was signi�cantly higher
than that of mild PCP (13.06%, p<0.01) (Table2).

3. The strategy and outcome of anti-pneumocystis pneumonia therapy

In this study, 21 days of TMP-SMZ (TMP 15-20 mg/kg/d and SMZ 75-100 mg/kg/d) were selected as
standard �rst-line anti-PCP therapy. Some patients could not tolerate the allergies or various side effects
of sulfonamide and had to reduce TMP-SMZ dose or shorten therapeutic course. Here, we did not �nd the
difference in the selection of TMP-SMZ dose or therapeutic course between mild PCP and
moderate/severe PCP (Table3). Caspofungin was selected as a combined treatment for the severe cases,
or alternative medicine for the cases those could not tolerate side-effect of TMP-SMZ due to lack of
second-line anti-PCP medicines including primaquine, pentamidine, dapsone and atovaquone in China. It
was shown that combined caspofungin treatment was more common in moderate/severe group
(72.20%) than that in mild group (52.61%, p<0.01) (Table3). Glucocorticoid was recommended for the
treatment of moderate/severe PCP as the guideline [2]. In this study, glucocorticoid usage rate in
moderate/severe group (29.76%) was signi�cantly higher than that in mild group (16.42%, p<0.01)
(Table3).

4. Side-effects of trimethoprim/sulfamethozole administration

Although sulfonamide has a good anti-pneumocystis effect, the facts cannot be denied that the high
incidence of intolerable negative reaction occurs during standard dose of trimethoprim/sulfamethozole
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usage which usually interrupts anti-pneumocystis treatment. In this study, the incidence of TMP-SMZ
induced epispasis was 6.34% and mild group was higher than moderate/severe group (8.96% vs. 2.93%,
p<0.01). TMP-SMZ induced fever was 2.99% and liver injury was 3.38%. TMP-SMZ induced renal injury
was rare. TMP-SMZ associated leukopenia was 7.82% and thrombocytopenia was 2.33% and anemia
was 2.96%. Severe alimentary tract indisposition was 1.90% (Table4). Totally, the incidence of TMP-SMZ
associated side-effects was low and mainly focused on epispasis, fever, liver injury and
myelosuppression. the incidence of TMP-SMZ associated side-effects was low and mainly focused on
epispasis, fever, liver injury and myelosuppression.

5. Multivariate analysis for predictors of favorable and unfavorable outcome among pneumocystis
pneumonia patients

Whether death or not of these patients was selected as the dependent variable, multivariate logistic
regression analysis was performed with the variables of demographics, clinical features listed in table 1
and 2 as independent variables to explore the predictors of favorable and unfavorable treatment outcome
among PCP. In the multivariate analysis, we found CD4 cell counts were favorable predictor of PCP
outcome (OR 0.900, 95% CI 0.813-0.996, P=0.041), and lactate dehydrogenase (OR 1.020, 95% CI 1.006-
1.033, P=0.005), alveolar-arterial O2 difference (OR 1.051, 95% CI 1.005-1.099, P=0.030) and neutrophils
counts (OR 1.436, 95% CI 1.002-2.060, P=0.049) were unfavorable predictors of PCP outcome (Table5).
Further, we constructed a logistic prognostic model [prognostic index=-11.953+0.049×alveolar-arterial O2
difference+0.019×lactate dehydrogenase level+0.362×neutrophils counts-0.106×CD4 cell counts]. A
receiver operating characteristic (ROC) curve was employed to identify the prognostic model and area
under curve (AUC) was 0.959 (95%CI 0.914-1.000, cut-off value 0.442, P=0.000), with sensitivity and
speci�city predictive values of 87.5% and 3.6%, respectively (Figure2).

Discussion
Although there was a high prevalence of PCP in HIV/AIDS patients with advanced immunosuppression
(25.4% in European and 23–31% in USA) [4, 7], most PCP cases were clinically diagnosed without
microbiology evidence in the world, even in the developed countries [8, 9], because of the di�culty of
pulmonary specimens acquisition and pneumocystis culture [10-12]. Subacute onset of fever, dry cough
and exertional dyspnea are usually the main symptoms of PCP, accompanied by typical bilateral GGO
with or without cystic lesions on chest computed tomography (CT) scans, which is used as a basis for
presumptive diagnosis of PCP. Con�rmation of HIV infection and low CD4 cell counts are necessary for
HIV associated PCP diagnosis, and serum Lactate dehydrogenase level and arterial oxygen partial
pressure are usually used to identify the severity of the disease. In this study, the abnormal signs of
respiratory rate, heart rate and body temperature could be found in PCP and moderate/severe PCP had a
faster respiratory rate and higher body temperature. It seems that white blood cell count, serum LDH and
hCRP but not CD4 cell count or plasma HIV load re�ect the severity of PCP. CD4 cell counts, lactate
dehydrogenase, alveolar-arterial O2 difference and neutrophils counts were predictors of PCP outcome.
World widely, empiric anti-pneumocystis treatment with 21 days of TMP/SMX should be initiated as soon
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as PCP is suspected, according to the above clinical manifestations [13]. In most case, it does not need to
be performed immediately that microbiological tests for pneumocystis including microscopic detection of
cysts and trophic forms of pneumocystis jirovecii and polymerase chain reaction (PCR) [14]. A research in
Uganda suggested the high concordance between Giemsa stain and PCR [15]. Even with over 90%
sensitivity rates, direct examination and immuno�uorescence and PCR are not available in all settings
because they require trained personnel [3]. A meta-analysis con�rmed the negative diagnosis value of a
negative serum (1-3)-β-D-Glucan in ruling out PCP in HIV/AIDS patients. The epidemiological
characteristics of PCP in China seem not to differ from other developing countries [16]. A resent research
reported that PCP accounted for 11.9 percent of all opportunistic infections in HIV/AIDS patients in
Sichuan, a province of Southwest China, and CD4 counts less than 100 cells/mm3 and non-cART were
risk factors for high mortality of these patients [17]. Parallel to the imbalance in economy in China, there
is the imbalance in medical condition, in which it is developed in the eastern and southern coastal areas
of China and developing in other regions.

Globally, TMP/SMX has been used as the �rst-line agent for anti-PCP given its cost and effectiveness in
both treatment and prophylaxis [18]. Over half of patients those admitted TMP/SMX anti-PCP treatment
experienced adverse drug reactions (ADRs) of sulfamide, which could lead to discontinuous treatment
[19-21]. ADRs of sulfamide included gastrointestinal symptoms, fever, rash, thrombocytopenia,
neutropenia, and transaminase elevation [19], rarely severe ADRs including Stevens-Johnson syndrome or
toxic epidermal necrolysis [2]. ADRs correlate with sulfamide therapeutic dosage and period [21].
Although epispasis, fever, liver injury and myelosuppression can be found in our study, it is fortunate that
they are not common. Mutations within dihydropteroate synthase (DHPS) gene of pneumocystis jirovecii
render potential resistance to sulfamide, which decreases e�cacy of TMP/SMX [18]. It is suggested that
the prevalence of DHPS mutations correlate with sulfa-drug usage [22, 23]. Inappropriate treatment of
PCP in HIV-positive patients can aggravate sulfamide resistance [24]. The PCP patients with poor
therapeutic effects can not be completely excluded from sulfamide resistance in our study, although no
drug resistance test is performed. For TMP/SMX intolerance or resistance cases, alternative agents were
recommended, including pentamidine, primaquine plus clindamycin, dapsone plus TMP, or atovaquone [2,
4, 13]. However, the status of pentamidine and primaquine out of stock restricts implementation of
alternative agents for anti-PCP in China. Caspofungin has also been reported to select as a salvage
treatment in PCP [25]. Caspofungin and TMP-SMZ co-treatment had been reported to improve PCP
patients’ outcome and decrease ADRs of sulfamide in China [26]. Caspofungin combined with
clindamycin were also reported to successfully replace TMP-SMZ in anti-PCP treatment [27]. In this study,
combined caspofungin was commonly used to anti-PCP treat in North China, especially for
moderate/severe PCP. Glucocorticoid can also be found to be used in anti-PCP therapy even if in mild
PCP.

Mortality of PCP ranges from 10–30% if the diagnosis has not been delayed [3]. Besides sulfamide
resistance or intolerance, severe immunode�ciency, high virus load, and wasting/cachexia correlate with
poor mortality of PCP [15, 28]. Our research showed that the mortality of these patients was from 13.06%
to 28.29%.
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Conclusion Our results suggest that high levels of serum-LDH, [A-a] DO2 and neutrophils counts and low
CD4 cell counts predict poor outcome of the HIV associated PCP in North China. TMP/SMZ can cure
most PCPs in these patients with a low side-effect incidence and caspofungin is an effective alternation.
A larger prospective study is needed to obtain better estimates of PCP in China.
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Figure 1

Distribution of pneumocystis pneumonia cases in mainland China. Pneumocystis pneumonia cases were
mainly reported from North China, although they came from 23 provinces, 3 municipalities and 4
autonomous regions in mainland China. Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 2

Identi�cation of the logistic prognostic model to predict Pneumocystis pneumonia outcome. A receiver
operating characteristic (ROC) curve showed that area under curve (AUC) was 0.959 (95%CI 0.914-1.000,
cut-off value 0.442, P=0.000), with sensitivity and speci�city predictive values of 87.5% and 3.6%.
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