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Background: Bloodstream infection (BSI) is a common and serious complication that may lead to high mortality during the different
phases after hematopoietic stem cell transplant (HSCT). We investigated BSI in patients undergoing HSCT to provide an appropriate
clinical anti-infection experience and improve the prognosis of recipients with BSI after HSCT.

Methods: A total of 105 patients with BSI after HSCT at our center from January 2015 to June 2020 were included in this
retrospective study. We analyzed the clinical and microbiological data, and the risk factors for mortality at 3 months after BSI.
Results: Of the 1141 HSCT recipients, 105 (9.2%) patients presented with 122 episodes of BSI, of which we isolated 85 (65.9%)
gram-negative bacteria, 32 (24.8%) gram-positive bacteria and 12 (9.3%) fungi. Multidrug-resistant bacteria (MDR) were more than
70% of all pathogens and carbapenem-resistant organisms (CRO) were 25.6%. There were 55 episodes of BSI in the pre-engraftment
phase and 67 episodes in the post-engraftment phase. The mortality of post-engraftment BSI was significantly higher than that of pre-
engraftment (56.7% vs 32.7%, p = 0.005). Through multivariate analysis, the independent risk factors for all-cause mortality at 3
months after BSI were higher levels of procalcitonin (PCT), failure to cover appropriate antibiotics timely, and CRO BSI in pre-
engraftment period or multidrug-resistant gram-negative bacteria (MDRGNB) BSI in post-engraftment period.

Conclusion: Although the incidence of BSI was lower after HSCT, MDR-dominated BSI had a high mortality rate. Rapid
identification of infection or pathogens’ classification with various testing methods and the more sensible and timely antibiotic
cover are critical to the outcome of BSI after HSCT.
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Introduction
Hematopoietic stem cell transplantation (HSCT) is currently the most effective treatment for hematological malignancies
or non-malignant diseases. As one of the serious and life-threatening complications of HSCT, bloodstream infection
(BSI) needs more attention. It has occurred in 12-47% of HSCT recipients according to previous reports.'* Based on
recipients’ immune reconstitution, their post-transplantation period can be divided into two phases: pre-engraftment and
post-engraftment phase. BSI can occur during both two phases.

Previous studies have shown that mucosal damage, central venous catheter-related infections, and neutropenia are the
main causes of BSI.'”” Moreover, many factors in the development of pre-engraftment BSI included transplantation
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method,? type of allografts,”® human leukocyte antigen (HLA) match,”- donor selection,”'® and conditioning regimen."
While severe graft-versus-host disease (GVHD),* particularly in the intestinal tract, immunosuppression caused by

12 and secondary neutropenia'? increased the risk of BSI during the post-engraftment period.

steroids,

In the past decades, a downward trend can be observed in the incidence of BSI after HSCT, due to the increasing use
of reduced-intensity conditioning (RIC) regimen, the advancement of supportive care measures, and the administration of
fluoroquinolone prophylaxis.”>’ Consequently, the gradual emergence of gram-negative bacteria (GNB) as the major
pathogens for BSI was reported which contributes to higher mortality than gram-positive bacteria (GPB)."*'* In China,
the proportion of GNB was higher than that of GPB in the past 10 years.'> Meanwhile, a mounting number of multidrug-
resistant organisms were isolated, including extended-spectrum beta-lactamase-producing bacteria, carbapenem-resistant
organisms (CRO), and vancomycin-resistant Enterococcus.'*'® Therefore, our next goal, in this new era of drug-resistant
bacteria, is to reduce the mortality of BSI, which can be achieved by studying its risk factors.

There are relatively more studies on the risk factors of BSI and fewer studies on the risk factors of mortality of BSI
after HSCT. Therefore, our research aimed to describe the epidemiology, microbiology, and risk factors of mortality of

BSI after HSCT, which desire to provide evidence and ideas for guiding clinical empirical antibiotic treatment.

Methods and Materials

Study Population and Data Collection

The retrospective study was performed on HSCT patients who underwent bloodstream infection from January 2015 to
June 2020 at our center. If bloodstream infection occurred before receiving the conditioning regimens, the patients were
excluded. The grouping process of patients with BSI after HSCT during this period is shown in Figure 1.

Through the electronic medical record system of our hospital, we collected the information of enrolled patients,
including basic demographics, the underlying disease, clinical characteristics of BSI, infectious or microbiological data,
and other relevant information before and after transplantation. The entire study procedure was in accordance with the
Declaration of Helsinki and was approved by the Ethics Review Committee of the First Affiliated Hospital of Zhejiang

University.
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Figure | Diagram of patients’ grouping process of BSI after HSCT.
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Transplantation Procedure

Transplantation-related procedures followed a previous study at our center.'’ Myeloablative conditioning (MAC)
regimens of haploidentical transplantation comprised cytarabine (4 g/m” /d IV on days —10 to —9), busulfan (3.2 mg/kg
per day IV on days —8 to —6), cyclophosphamide (1.8 g/m? per day IV on days —5 to —4) and Me-CCNU (250 mg/m?
orally on days —3). For HLA-identical sibling transplant or unrelated donor transplant, MAC mainly included busulfan
(3.2 mg/kg per day IV on days —7 to —4), and cyclophosphamide (60 mg/kg per day IV on days —3 to —2). RIC was
a fludarabine-based regimen, including fludarabine (180 mg/m?) and busulfan (6.4 mg/kg IV; or 12.8 mg/kg) for 2-3
days. GVHD prophylaxis consisted of cyclosporin A, methotrexate, low-dose mycophenolate mofetil, and anti-
T-lymphocyte globulin for haploidentical transplantation (2.5 mg/kg per day on days —5 to —2, Fresenius, Bad
Homburg, Germany) or rabbit anti-thymocyte globulin (ATG) for unrelated donors transplant (4.5-6 mg/kg total
dose, Genzyme, Cambridge, MA).

Prophylactic Use of Antimicrobials

All patients were admitted to a separate sterile laminar flow chamber before conditioning. Oral levofloxacin (500 mg/d) was
used to clear gut bacteria before infusing stem cells and intravenous piperacillin sodium tazobactam for prophylactic use
before neutrophil engraftment. Prophylaxis of fungal infections was used with oral fluconazole or voriconazole, or intravenous
echinocandin. Prophylaxis of cytomegalovirus infections was used ganciclovir from days —7 to day 0 and acyclovir from day
+1 to days +365. Oral trimethoprim-sulfamethoxazole (160 mg trimethoprim and 800 mg sulfamethoxazole twice a day from
days —10 to days +30 or 160 mg trimethoprim and 800 mg sulfamethoxazole twice a week from days +30 to days +180) was
administered to prevent for Pneumocystis jirovecii.

Definitions

BSI was defined as the isolation of pathogens from a single blood culture. If coagulase-negative staphylococci (CoNS) or
common skin contaminants were isolated, two separate positive blood cultures were required.'® Neutropenia was defined as
an absolute neutrophil count (ANC) <500/mm’ in peripheral blood or expected to decrease to <500/mm” in the next 48
hours.'® Neutrophil engraftment was defined as ANC >500/mm?’
diagnosis of acute intestinal GVHD was defined according to the standard criteria.”® Adequate doses of steroids were

at least 3 consecutive days after transplantation. The

considered as the administration of a cumulative dose >1 mg/kg of methylprednisolone or equivalent other steroids for at
least 7 consecutive days within the 1 month preceding the development of BSI. Blood culture and procalcitonin (PCT) were
performed simultaneously when the oral temperature was >38.3°C for a single time, and the oral temperature was >38.0°C
for persistently more than 1 hour, or other overt clinical symptoms and signs of infection occurred. Pre-engraftment BSI
was defined as infection occurring between the onset of the conditioning regimen and neutrophil engraftment. Post-
engraftment BSI was considered as the infection occurring after the neutrophil engraftment.

Multidrug-resistant (MDR) bacteria were defined as non-susceptibility to at least one agent in three or more classes of
antibiotics.”! According to antimicrobial categories of different organism groups (such as Enterococcus spp.,
Enterobacteriaceae, Pseudomonas aeruginosa, and Acinetobacter spp.), we identified the isolated bacteria that conform
with the standard criteria as MDR.*' All Stenotrophomonas maltophilia strains were considered MDR.?'** CRO is
mainly composed of carbapenem-resistant Enterobacteriaceae (CRE), carbapenem-resistant Pseudomonas aeruginosa,
and carbapenem-resistant Acinetobacter baumannii. Timely and appropriate antibiotic coverage was defined as less than
24 hours between the timing of positive blood culture drawn and a sensitive antibiotic administration based on the final
microbial susceptibility test.

Statistical Analysis

We used Mann—Whitney U-test and ¢-test to compare continuous variables, and chi-square test to categorical variables.
Overall survival (OS) was plotted using the Kaplan—Meier method. For the risk factors of mortality, in univariate
analysis, Mann—Whitney U-test and #-test were performed likewise for continuous variables and chi-square test for
categorical variables. All variables with P < 0.1 or clinical significance in the univariate analysis were included in the
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multivariate analysis. Due to the interaction between CRO and CRE, CRE is not included in the multivariate analysis
model. Cox proportional hazard regression model was adopted for multivariate analysis. All statistical analysis used
SPSS version 21 (Chicago, IL, USA) and R software (version 4.2.0, R Foundation for Statistical Computing, Vienna,
Austria). All P values are two-tailed, and P < 0.05 was considered statistically significant.

Results

Patients Characteristics and Clinical Characteristics of BSI

Of the 1141 HSCT recipients, 105 (9.2%) patients developed BSI. Among them, 88 (83.8%) patients had 1 BSI and
17 patients (16.2%) had more than 2 BSI. The characteristics of patients with BSI are summarized in Table 1. The
pre-engraftment BSI occurred in 47 patients (44.8%) and post-engraftment BSI occurred in 54 patients (51.4%), and
patients with BSI in both two periods were 4 (3.8%). Male comprised 60% of the total (63/105). The most common
underlying disease was acute myeloid leukemia. The median age was 35 years (range, 13—66 years). Compared with
post-engraftment, the median age was younger in the group of pre-engraftment BSI (31 years vs 44 years).

Table | Patient Characteristics

Characteristics Pre-Engraftment | Post-Engraftment | Both Periods Total
BSI BSI BSI
Number 47 54 4 105
Male (%) 29(61.7) 30(55.6) 4(100.0) 63(60.0)
Patient age, median years (range) 44(17-66) 31(13-66) 30(30-51.5) 35(13-66)
Disease (%)
Acute myeloid leukemia 18(38.3) 16(29.6) 0(0.0) 34(32.4)
Acute lymphoblastic leukemia 14(29.8) 29(53.7) 3(75.0) 46(43.8)
Myelodysplastic syndrome 7(14.9) 4(7.4) 0(0.0) 11(10.5)
Lymphoma 4(8.5) 3(5.5) 0(0.0) 7(6.7)
Aplastic anemia 3(6.4) 1(1.9) 0(0.0) 4(3.8)
Other 12.1) 1(1.9) 1(25.0) 3(2.8)
Status of the disease at transplant (%)
CR 35(74.5) 43(79.6) 3(75.0) 81(77.1)
Other status 12(25.5) 11(20.4) 1(25.0) 24(22.9)
Transplantation method (%)
Allogeneic 43(91.5) 54(100.0) 4(100.0) 101(96.2)
Autologous 4(8.5) 0(0.0) 0(0.0) 4(3.8)
HLA match (%)
Haploidentical transplant 33(76.7) 40(74.1) 4(100.0) 77(76.2)
HLA-identical sibling transplant 3(7.0) 11(20.4) 0(0.0) 14(13.8)
10/10 Unrelated transplant 3(9.3) 2(3.7) 0(0.0) 5(5.0)
9/10 Unrelated transplant 4(7.0) 1(1.8) 0(0.0) 5(5.0)
Donor sex (%)
Male 22(52.4) 31(59.6) 4(100.0) 57(58.2)
Female 20(47.6) 21(40.4) 0(0.0) 41(41.8)
Missing data | 2 0 3
Donor-patient sex matching (%)
Male-male 14(33.3) 19(36.5) 4(100.0) 37(37.8)
Male—female 8(19.1) 12(23.1) 0(0.0) 20(20.4)
Female—female 11(26.2) 10(19.2) 0(0.0) 21(21.4)
Female—male 9(21.4) 11(21.2) 0(0.0) 20(20.4)
Missing data | 2 0 3
Conditioning regimen (%)
MAC 42(89.4) 49(90.7) 4(100.0) 95(90.5)
RIC/NMA 5(10.6) 5(9.3) 0(0.0) 10(9.5)
(Continued)
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Table | (Continued).

Characteristics Pre-Engraftment | Post-Engraftment | Both Periods Total
BSI BSI BSI

History of infection (%)

Yes 23(48.9) 29(53.7) 3(75.0) 55(52.4)

No 24(51.1) 25(46.3) 1(25.0) 50(47.6)

Number of BSI episodes (%)

| BSI 43(91.5) 45(83.3) 0(0.0) 88(83.8)

>2BSI 4(8.5) 9(16.7) 4(100.0) 17(16.2)

Abbreviations: BSI, bloodstream infection; CR, complete remission; HLA, human leukocyte antigen; MAC, myeloablative; conditioning; RIC,
reduced-intensity conditioning; NMA, nonmyeloablative conditioning.

A total of 122 episodes of BSI in 105 patients were documented after HSCT. There were 55 episodes of BSI in the
pre-engraftment phase and 67 episodes in the post-engraftment phase. The median onset of BSI in the pre- and post-
engraftment phase were +8 days (—8 to +18 days) and +251 days (+16 to +1462 days), respectively. The former group
was more likely to present neutropenia at the onset of BSI than the latter (94.5% vs 74.6%). In the pre-engraftment phase,
we did not find patients using adequate doses of steroids before infection, while 25 (37.3%) cases of post-engraftment
BSI did. Acute intestinal GVHD was more common in patients with post-engraftment BSI (25.4% vs 7.2%). These

clinical characteristics of BSI are shown in Table 2.

Microbial Isolates and Antimicrobial Resistance

A total of 129 pathogens were isolated from 122 episodes of BSI, including 85 GNB, 32 GPB, and 12 Fungi (Table 3).
The distribution of pathogenic organisms of BSI is presented in Figure 2. Coagulase-negative staphylococci (n = 15) was
the most common and accounted for nearly half of the total GPB, followed by Enterococcus faecium (n = 10), while only
one strain of Staphylococcus aureus was isolated before neutrophil engraftment. The most frequently isolated GNB were
Klebsiella pneumoniae and Escherichia coli, accounting for 36.5% (n = 31) and 27.0% (n = 23) respectively, followed by

Table 2 Clinical Characteristics of BSI

Pre-Engraftment | Post-Engraftment Total
BSI BSI

Number of episodes 55 67 122
Median onset of BSI (range, days) +8(—8 to +18) +251(+16 to +1462) | +70(—8 to +1462)
Neutropenia at the onset of BSI (%) 52(94.5) 50(74.6) 105(86.1)
Gut aGVHD (%) 4(7.2) 17(25.4) 21(17.2)
Relapse (%) 0(0.0) 46(68.7) 46(37.7)
Full steroid use before BSI (%) 0(0) 25(37.3) 25(20.5)
The interval between the onset of fever and
positive blood culture drawn (%)

<72h 40(72.7) 55(82.1) 95(77.9)

>72h 15(27.3) 12(17.9) 27(22.1)
PCT at the onset of BSI (%)

PCT <0.5ng/mL 17(30.9) 25(40.3) 42(35.9)

PCT 20.5ng/mL 38(69.1) 37(59.7) 75(64.1)

Not tested 0 5 5
Timely and appropriate antibiotic coverage (%)

Yes 36(65.5) 46(68.7) 82(67.2)

No 19(34.5) 21(31.3) 40(32.8)

Abbreviations: BSI, bloodstream infection; GVHD, graft-versushost disease; PCT, procalcitonin.
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Table 3 Microbiological Classification and All-Cause Mortality Rate Caused by Pathogens of BSI

Pre-engraftment Post-Engraftment Total All-Cause Mortality Rate (3 Months)
n=55 (%) n=74 (%) n=129 (%)
Pre-Engraftment Post-Engraftment

Gram-positive bacteria 14(25.5) 18(24.3) 32(24.8) 14.3% 61.1%
CoNS 7(50.0) 8(44.4) 15(46.9) 14.3% 62.5%
Enterococcus faecium 5(35.8) 5(27.8) 10(31.2) 20.0% 60.0%
Streptococcus 1(7.1) 2(11.1) 3(9.4) 0.0% 50.0%
Staphylococcus aureus 0(0.0) 1(5.6) 13.1) 0.0% 100.0%
Others® 1(7.1) 2(11.1) 3(94) 0.0% 50.0%
Gram-negative bacteria 34(61.8) 51(68.9) 85(65.9) 35.3% 60.8%
Klebsiella pneumoniae 14(41.2) 17(33.3) 31(36.5) 50.0% 70.6%
Escherichia coli 14(41.2) 9(17.7) 23(27.0) 21.4% 33.3%
Pseudomonas aeruginosa 3(8.8) 7(13.7) 10(11.8) 33.3% 28.6%
Stenotrophomonas maltophilia 2(5.9) 8(15.7) 10(11.8) 50.0% 100.0%
Salmonella 0(0.0) 4(7.8) 4(4.7) 0.0% 50.0%
Others® (2.9) 6(11.8) 7(8.2) 0.0% 66.7%
Fungi 7(12.7) 5(6.8) 12(9.3) 57.1% 20.0%
Candida tropicalis 6(85.7) 5(100.0) 11(91.7) 50.0% 20.0%
Candida parapsilosis 1(14.3) 0(0.0) 1(8.3) 100.0% 0.0%

MDRGPB 11(20.0) 15° (20.8) 26° (20.5) 18.2% 60.0%
MDRGNB 30(54.5) 39(52.7) 69(53.5) 36.7% 69.2%
CRO 15(27.3) 18(24.3) 33(25.6) 53.3% 66.7%
CRE 13(23.6) 13(17.7) 26(20.2) 53.8% 76.9%
Triazole-resistant fungi 6(85.7) 3(60.0) 9(75.0) 66.7% 33.3%

Notes: Italics represents specific pathogens. Symbols: *Gemella haemolysans (1) in pre-engraftment BSI; Leuconostoc cremoris (1) and Listeria monocytogenes
(1) in post-engraftment BSI. ®Brevundimonas () in pre-engraftment BSI; Burkholderia cepacia (1), Aeromonas veronii (2), Morganella morganii (1),
Chryseobacterium meningosepticum (1) and Ralstonia mannitolilytica (1) in post-engraftment BSI. “Leuconostoc cremoris (1) had not been performed for drug
susceptibility analysis.

Abbreviations: CoNS, coagulase-negative staphylococci; MDRGPB, multidrug-resistant gram-positive bacteria; MDRGNB, multidrug-resistant gram-
negative bacteria; CRO, carbapenem-resistant organisms; CRE, carbapenem-resistant Enterobacteriaceae.

Pseudomonas aeruginosa (11.8%, n = 10) and Stenotrophomonas maltophilia (11.8%, n = 10). Among the fungi, all were
Candida spp., including 11 (91.7%) strains of Candida tropicalis and 1 (8.3%) strain of Candida parapsilosis. Multidrug-
resistant bacteria were more than 70% of all pathogens which comprised 26 (20.5%) strains of MDRGPB and 69 (53.5%)
strains of MDRGNB. CRO were 33 (25.6%), of which 26 (78.8%) are CRE. There was no significant difference in the
distribution of all kinds of pathogens between pre- and post-engraftment BSI.

Outcomes and Risk Factors for Mortality

Of the 122 cases, 56 (45.9%) died ultimately at 3 months after BSI. The mortality of post-engraftment BSI was
significantly higher than that of pre-engraftment (56.7% vs 32.7%, p = 0.005, Figure 3). In the pre-engraftment
phase, the mortality caused by different organisms were 35.3% (GNB) vs 14.3% (GPB) vs 57.1% (Fungi), while in
post-engraftment phase, the mortality caused by different organisms were 60.8% (GNB) vs 61.1% (GPB) vs 20.0%
(Fungi) (Table 3).

In patients with pre-engraftment BSI, the univariate analysis demonstrated higher levels of PCT, failure to
cover appropriate antibiotics timely, and BSI caused by CRO were associated with all-cause mortality at 3 months
after BSI (Table 4). According to multivariate analysis, these three variables were significantly associated with
higher all-cause mortality at 3 months after pre-engraftment BSI (Table 5).
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Figure 3 OS curve for 3 months after pre-engraftment BSI vs post-engraftment BSI (p=0.005).

In the group of post-engraftment BSI, univariate analysis revealed six variables (HLA mismatch, the longer interval
between the onset of fever and positive blood culture drawn, higher levels of PCT, failure to cover appropriate antibiotic
timely, BSI caused by MDRGNB, or CRO) may be associated with post-infection mortality (Table 4). In multivariate
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Table 4 Univariate Analyses of Risk Factors for All-Cause Mortality at 3 Months After Bloodstream Infection

Pre-engraftment BSI Post-Engraftment BSI Total
Death Alive P Death Alive P Death Alive P
(n=18) (n=37) (n=38) (n=29) (n=56) (n=66)

Patient age, median years (range) 46(17-66) | 41(17-60) | 0.622 | 31(13-66) 31(16-56) 0.310 35.5(17-66) | 34.5(16-60) 0.602

Male (%) 11(61.1) 24(64.9) 0.786 20(52.6) 19(65.5) 0.289 31(55.4) 43(65.2) 0.270

Status of the disease at transplant (%) 0.235 0.849 0.391
CR 16(88.9) 26(70.3) 30(78.9) 24(82.8) 46(82.1) 50(75.8)

Other status 2(11.1) 11(29.7) 8(21.1) 5(17.2) 10(17.9) 16(24.2)
Transplantation method (%) 1.000 - 0.732

Autologous 1(5.6) 3(8.1) 0(0.0) 0(0.0) 1(1.8) 3(4.5)

Allogeneic 17(94.4) 34(91.9) 38(100.0) 29(100.0) 55(98.2) 63(95.5)

HLA match (%) 0.270 0.069 0.579
Haploidentical transplant 14(82.4) 26(76.5) 31(81.6) 19(65.5) 45(81.8) 45(71.4)
HLA-identical sibling transplant 0(0.0) 3(8.8) 5(13.1) 8(27.6) 59.1) 11(17.5)

10/10 Unrelated transplant 0(0.0) 3(8.8) 2(5.3) 0(0.0) 2(3.6) 3(4.8)

9/10 Unrelated transplant 3(17.6) 2(5.9) 0(0.0) 2(6.9) 3(5.5) 4(6.3)
Conditioning regimen (%) 0.157 0.753 0.546

MAC 14(77.8) 35(94.6) 36(94.7) 26(89.7) 50(89.3) 61(92.4)

RIC/NMA 4(22.2) 2(5.4) 2(5.3) 3(10.3) 6(10.7) 5(7.6)

History of infection (%) 0.385 0.660 0.308
Yes 11(6l.1) 18(48.6) 23(60.5) 16(55.2) 34(60.7) 34(51.5)

No 7(38.9) 19(51.4) 15(39.5) 13(44.8) 22(39.3) 32(48.5)
Neutropenia at the onset of BSI (%) 18(100.0) 34(91.9) 0.543 28(73.7) 22(75.9) 0.438 46(82.1) 56(84.8) 0.687
Gut aGVHD (%) 2(11.1) 2(5.4) 0.792 9(23.7) 8(27.6) 0.716 11(19.6) 10(15.2) 0.513
Relapse (%) 24(63.2) 22(75.9) 0.267
Full steroid use before BSI (%) 12(31.6) 13(44.8) 0.267
The interval between the onset of 0.177 0.040 0.044
fever and positive blood culture drawn
(%)

<72h 11(61.1) 29(78.4) 28(73.7) 27(93.1) 39(69.6) 56(84.8)

>72h 7(38.9) 8(21.6) 10(26.3) 2(6.9) 17(30.4) 10(15.2)

PCT levels at the onset of BSI (%) 0.130 0.002 0.001
PCT <0.5ng/mL 10(55.6) 28(75.7) 15(42.9) 22(81.5) 25(47.2) 50(78.1)

PCT 20.5ng/mL 8(44.4) 9(24.3) 20(57.1) 5(18.5) 28(52.8) 14(21.9)

Not tested 0 0 3 2 3 2
Timely and appropriate antibiotic 0.004 0.001 < 0.0001
coverage (%)

Yes 7(38.9) 29(78.4) 20(52.6) 26(89.7) 27(48.2) 55(83.3)

No 11(61.1) 8(21.6) 18(47.4) 3(10.3) 29(51.8) 11(16.7)

MDRGNB (%) 11(61.1) 19(51.4) 0.459 29(76.3) 8(27.6) <0.0001 40(71.4) 27(40.9) 0.001

CRO (%) 8(44.4) 7(18.9) 0.095 13(34.2) 4(13.8) 0.057 21(37.5) 11(16.7) 0.009

CRE (%) 7(38.9) 6(16.2) 0.129 10(26.3) 3(10.3) 0.101 17(30.4) 9(13.6) 0.025

Abbreviations: BSI, bloodstream infection; CR, complete remission; HLA, human leukocyte antigen; MAC, myeloablative conditioning; RIC, reduced-intensity conditioning;
NMA, nonmyeloablative conditioning; GVHD, graft-versus-host disease; PCT, procalcitonin; MDRGNB, multidrug-resistant gram-negative bacteria; CRO, carbapenem-
resistant organisms; CRE, carbapenem-resistant Enterobacteriaceae.

analysis, factors that increased the risk of post-engraftment BSI mortality were higher levels of PCT, failure to cover
appropriate antibiotics timely, and BSI caused by MDRGNB (Table 5).
The higher levels of PCT, failure to cover appropriate antibiotics timely, and BSI caused by MDRGNB or

CRO were the independent risk factors for all-cause mortality at 3 months after BSI by multivariate analysis in all

cases.
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Table 5 Multivariate Analyses of Risk Factors for All-Cause Mortality at 3 Months After Bloodstream Infection

Pre-Engraftment BSI Post-Engraftment BSI Total
HR (95% CI) P | Overall HR (95% CI) P Overall HR (95% CI) Overall
P value P value P value
HLA match 0.244
Haploidentical transplant 1.000[Reference]
HLA-identical sibling transplant 0.464(0.170-1.267) 0.134
10/10 Unrelated transplant 0.264(0.045-1.535) 0.138
9/10 Unrelated transplant <0.0001 0.983
The interval between the onset of 0.165 0.113
fever and positive blood culture drawn
<72h 1.000[Reference] 1.000[Reference]
>72h 1.813(0.783—4.201) 1.639(0.889-3.021)
PCT levels at the onset of BSI 0.005 0.001
PCT <0.5ng/mL 1.000[Reference] 0.042 1.000[Reference] 1.000[Reference]
PCT 20.5ng/mL 2.699(1.035-7.038) 3.648(1.468-9.065) 2.644(1.480—4.723)
Timely and appropriate antibiotic 0.007 <0.0001
coverage
Yes 1.000[Reference] 1.000[Reference] 1.000[Reference]
No 4.326(1.615-11.584) 0.004 2.920(1.338-6.368) 3.038(1.722-5.359)
MDRGNB 2.723(1.038-7.142) 0.042 2.048(1.008-4.162) 0.048
CRO 3.470(1.337-9.006) 0.011 2.486(0.917-6.744) 0.074 2.011(1.045-3.868) 0.036

Abbreviations: BSI, bloodstream infection; HR, hazard ratio; Cl, confidence interval; HLA, human leukocyte antigen; PCT, procalcitonin; MDRGNB, multidrug-resistant
gram-negative bacteria; CRO, carbapenem-resistant organisms.

Discussion

We conducted a retrospective analysis of 122 episodes of bloodstream infections in 105 HSCT recipients at our center from
2015 to June 2020. We observed a relatively lower overall incidence of BSI (9.2%) among HSCT patients compared with
other similar studies.>>*'? Additionally, this study demonstrated that higher PCT levels, delayed administration of
appropriate antibiotics, and MDRGNB or CRO BSI were associated with an increased risk of all-cause mortality at
3 months after BSI. GNB were the main pathogens of BSI. Moreover, the prevalence of drug-resistant bacteria, especially
CRO, was a sticky problem and would hinder the long-term survival of HSCT patients.

By observing the clinical characteristics of BSI, we found that almost all pre-engraftment BSI occurred in the
neutropenic phase after the conditioning regimen, while post-engraftment BSI was predisposed to occur in patients with
chemotherapy-induced secondary neutropenia after relapse of underlying disease, in patients with acute intestinal GVHD,
or in patients who have received adequate doses of steroids before BSI. Although we did not perform an analysis of risk
factors for BSI after HSCT, our results are consistent with the risk factors of BSI after HSCT from previous
studies. 7912

Like other studies,"® the all-cause mortality rate of BSI in the latter phase was higher than that in the former (56.7%
vs 32.7%, p = 0.005). In our cohort, the possible explanation for this difference is the frailty state after the underlying
disease relapsed and delayed treatment of BSI that occurred out of hospital. Due to the recurrence of the underlying
disease, patients who were re-treated with multiple courses of chemotherapy developed severe neutropenia, increased
frailty, and repeated exposure to antibiotics. These factors may be responsible for the higher mortality from post-
engraftment BSI. Additionally, since the patient can be discharged from the hospital after the hematopoietic system is
rebuilt, approximately 30 days, the window time of nosocomial infection for the patient is limited.'® A recent long-term
retrospective study has indicated that 39% of BSI occur outside the hospital.'* Therefore, some patients who were
under a long-term and constant risk of non-nosocomial infection might delay empiric antibiotic treatment and lead to
worse outcomes if they were not vigilant about infection and fail to identify the occurrence of infection early and

rapidly.
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Our multivariate analysis concluded that PCT levels (>0.5ng/mL) were a predictor of death. PCT released by
parenchymal cells under the stimulation of bacterial toxin can be detected after 2—4 hours in serum and peaked at 6
hours.?® The half-life of PCT is approximately 24 hours when the infection is controlled by the host immune system or
antibiotic therapy.***> Repeat PCT testing is recommended every 1-2 days if PCT levels were >0.5ng/mL, depending on
the severity of disease.”” Therefore, PCT can be used to monitor infection continuously, evaluate the effectiveness of
empiric antibiotics, and guide antibiotic discontinuation, which is superior to the C-reactive protein, [L-6, and other acute
inflammation makers.>**®?” Notably, PCT is more specific than sensitive and many other factors can exert an impact on
PCT, such as trauma and ATG which can raise PCT levels.?®

Delayed administration of appropriate antibiotics was considered a vital independent risk factor for high mortality in
two phases, which is consistent with other studies.’’* Among patients with delayed administration of appropriate
antibiotics, 72.5% (29/40) received inappropriate antibiotics within 24 hours of blood culture drawn. It is imperative to
collect and analyze detailed data about bacterial epidemiology and its drug resistance in the local region or hospital.
Based on grasping regional bacterial epidemiology, the risk stratification of suspected infectious patients combined with
the patient’s clinical status and history of previous infections may help to select more appropriate antibiotics.
Additionally, rapid diagnostic technologies (such as the matrix-assisted laser desorption ionization time-of-flight, multi-
plex polymerase chain reaction (PCR)*! and metagenomic next-generation sequencing) should be available to identify
the classification of pathogens and their resistance mechanisms early, which guide replacement or combination antibiotic
therapy and improve the accuracy of antibiotics usage.*’

The most common bacteria isolated from both periods in our study were GNB, dominated by Klebsiella pneumoniae
and Escherichia coli. CoNS and Enterococcus faecium dominated in GPB and were both sensitive to vancomycin.

13:14:18 ossible explanations for the predominance

Compared to other studies which were usually dominated by GPB BSI,
of GNB BSI in our cohort are that the prevalent strains of nosocomial infections are GNB in China' and that better oral
care and catheter care have reduced the transfer of Streptococcus or CoNS to the bloodstream.**** Before neutrophil
engraftment, GNB BSI was associated with higher mortality than positive bacteria (35.3% vs 14.3%, p = 0.125), in line
with previous reports.®** Nevertheless, the mortality caused by GNB BSI and GPB BSI is roughly similar (60.8% vs
61.1%) in post-engraftment BSI. This is most likely due to the weakness state of the patient, although GPB, mainly CoNS,
are less virulent.'? Candida spp. BSI had a higher rate of resistance to triazole antifungals in our center, 85.7% in the early
stage and 60.0% in the late stage, which cause high mortality. This could be explained by a breakthrough infection, even if
we were using fluconazole or voriconazole prophylaxis. All fungi were sensitive to amphotericin. For those patients with
persistent or recurrent fever 4-7 days after antibiotic administration,'® antifungal therapy should be adjusted to echino-
candin, posaconazole, or even amphotericin.

Furthermore, our cohort demonstrated that MDRGNB was an independent risk factor of mortality in post-engraftment
BSI, and the incidence of MDR bacteria was over 70% in both periods. We found that the mortality rates of Klebsiella
pneumoniae BSI (19/31) and Stenotrophomonas maltophilia BSI (9/10) were 61.3% and 90%, respectively, which were
the most lethal bacteria in the whole period. Of the 19 strains of Klebsiella pneumonia, 18 (94.7%) were MDR and 15
(78.9%) were CRE. Moreover, we should be more vigilant about Stenotrophomonas maltophilia BSI in the post-
engraftment period, because it often occurs in immunocompromised patients and is resistant to carbapenems.
A retrospective case—control study has demonstrated that the risk of death increases by 8 times when patients develop
Stenotrophomonas maltophilia BS1.>

Among GNB, 44.1% were CRO in the former period and 35.3% in the latter period. CRO, as an independent risk
factor in pre-engraftment BSI, caused >50% of crude mortality for HSCT patients. The problem with CRO is that CRO
can encode various P-lactamases to hydrolyze many antibiotics, resulting in few antibiotics being effective against
them.’® While CRE BSI, which occupies a dominant position in CRO BSI, is worthy of more attention. Early
identification of intestinal colonization by CRE and its resistance mechanisms is critical for the control and treatment
of CRE BSIL.*"** Previous studies at our center have found that increasing the frequency of CRE screening can help
detect CRE colonization,” and subsequent preemptive treatment of CRE-colonized patients with infectious symptoms
can reduce the morbidity and mortality of CRE BSL*® Moreover, several screen methods that rapidly detect

6902 e Infection and Drug Resistance 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Chen et al

carbapenemase genes through rectal swabs have recently been applied, especially Xpert Carba-R.>**'*> However, the
main drawback of these PCR-based methods is the low positive predictive value.

In addition, PCT levels and MDRGNB or CRO BSI, or MDRGNB and CRO that were extracted as risk factors of
mortality appeared to confound each other. MDRGNB or CRO infection typically was related to higher PCT levels and
CRO may overlap with MDRGNB. Nonetheless, we did not find that severe multicollinearity among these variables was
sufficient to affect the stability of the Cox proportional hazards regression model after we tested these variables using the
collinearity diagnostics. Therefore, we think these risk factors of mortality were still statistically significant.

There are limitations to our study. Firstly, this is retrospectively single-center research, and most patients with HSCT
are the haploidentical transplant. Accordingly, our conclusions may not apply to other centers because of differences in
transplantation patterns, regional microbial epidemiology, and drug resistance across centers. Moreover, due to data
limitations, we may have overlooked other potential risk factors for mortality of BSI after HSCT, such as virus
activation.

Conclusion

We conducted this retrospective study to investigate the clinical and microbiological characteristics of BSI after HSCT.
Although the incidence of BSI after transplantation is now low compared to decades ago, the incidence and mortality of
BSI caused by multidrug-resistant bacteria, especially MDRGNB or CRO, are gradually increasing. Rapid identification
of infection or pathogens’ classification with various testing methods, and more sensible and timely empirical antibiotic
use can improve the outcome of BSI after HSCT.
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