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                    Abstract
Purpose
Bloodstream infection (BSI) is a major complication of allogeneic hematopoietic stem-cell transplantation (allo-SCT). There are several causes of BSI; in particular, severe oral mucositis (OM) can induce BSI due to coagulase-negative staphylococci (CoNS). The OM severity may be reduced with intensive oral care. Thus, we evaluated whether the type of oral care affects the BSI incidence eventually.
Method
We performed retrospective analysis on 206 recipients who underwent allo-SCT from 2006 to 2017 at our institute. Intensive oral care by a dental specialist was performed for 111 recipients (intensive-care group) and self-oral care was performed by 95 recipients (self-care group). Incidence of BSI was assessed by type of the oral care, before neutrophil engraftment (pre-E-BSI) and after neutrophil engraftment (post-E-BSI) period until 180 days after allo-SCT.
Result
A total of 112 BSI occurred in 90 of the 206 recipients and 120 bacteria were identified, with CoNS being the most prevalent. There was no significant difference in the incidence of pre-E-BSI between the self-care and intensive-care groups (30.8% and 30.6%, respectively; P = 0.508). Meanwhile, the incidence of post-E-BSI was significantly lower in the intensive-care group than in the self-care group (14.3% and 28.6%; P = 0.008). In addition, the intensive-care group had significantly lower incidence of post-E-BSI with CoNS than the self-care group (8.5% and 21.5%, respectively; P = 0.009).
Conclusion
Intensive oral care through the period of allo-HCT can significantly reduce the post-E-BSI occurrence, especially due to CoNS.
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                                    Introduction

Although the outcome of allogeneic hematopoietic stem-cell transplantation (allo-HCT) for hematological diseases has improved in previous decades [1, 2], many complications still need to be addressed. Even today, approximately 10% of allo-HCT recipients die due to infections and this issue cannot be ignored [1,2,3]. Thus, in order to perform allo-HCT more safely, it is important to minimalize the infection risk.
Bloodstream infection (BSI) is one of the fatal complications associated with allo-HCT. During the pre-neutrophil engraftment and post-neutrophil engraftment periods, the BSI incidences were 16–38% and 17–19.5%, respectively, and the mortality of BSI was reported to be 3.3–12.5% [4,5,6,7]. In previous reports, various risk factors of BSI have been described, such as cord blood [4], prolonged neutropenia [8], unrelated donors [9], myeloablative conditioning [10], and central venous catheter (CVC) placement [11,12,13]. Moreover, severe oral mucositis (OM) is recognized as a risk factor for BSI in allo-HCT recipients. Bacteria can transmit through the impaired mucosal barrier [13, 14]. Coagulase-negative staphylococci (CoNS) are often isolated as pathogens of BSI, and CVC placement and OM can be risk factors for BSI [13, 15]. Moreover, it is noteworthy that changes in the oral microbiota that occur after transplantation can increase the CoNS.
Including mild cases, OM may be the most common complication in allo-HCT recipients, with almost all of them (70–100%) experiencing it [10, 16, 17]. In order to control OM, intensive oral care by dentists is considered effective. OM is not a direct cause of death; however, severe OM can lead to fatal BSI [13, 14] and reduce the activity of the recipients, thus indicating a potential indirect relationship to patient prognosis. Although intensive oral care during allo-HCT has been recommended for improving the OM and symptoms recently [18], the preventive effect of BSI is yet to be verified. Here, we present the results of our retrospective evaluation of the relationship between intensive oral care and BSI and the influence on the outcome of allo-HCT.


Methods
Patients
This retrospective study included 206 adult allo-HCT recipients with a hematological disease who underwent allo-SCT and achieved neutrophil engraftment from January 2006 to October 2017 at the Niigata University Medical and Dental Hospital (the scheme of patient selection is shown in Fig. 1). The median age at allo-HCT was 42 years (range, 16–67 years). The onset of BSI was observed for up to 180 days after the transplantation. The median follow-up duration for overall survival (OS) was 417 days (range, 6–4163 days). Neutrophil engraftment was defined as the achievement of an absolute neutrophil count > 500/mm3 on at least three consecutive days after allo-HCT, and the median time-to-engraftment was 18 days (range, 11–42 days). The diagnosis of recipients included acute myelogenous leukemia (n = 96, 46.6%), acute lymphoblastic leukemia (n = 40, 19.4%), myelodysplastic syndrome (n = 29, 14.1%), and other hematological disease (n = 41, 19.9%). The types of conditioning regimens used were myeloablative (MAC) (n = 90, 43.7%), reduced-intensity conditioning (RIC) with melphalan (n = 70, 34.0%), and RIC without melphalan (n = 46, 22.3%). The stem-cell sources were bone marrow (n = 80, 38.8%), peripheral blood stem cells (n = 63, 30.6%) recipients, and cord blood (n = 63, 30.6%). About one-third of the recipients (n = 68, 33.0%) had a high hematopoietic cell transplantation-comorbidity index (HCT-CI) score (≥ 3) at the time of allo-HCT. The numbers of recipients who underwent allo-HCT until 2009, 2010 − 2015, and after 2016 were 58 (28.2%), 102 (49.5%), and 46 (22.3%) respectively. The detailed patient characteristics are listed in Table 1. For all the recipients, CVC were inserted before the initiation of the conditioning regimen, and these catheters were retained when BSI occurred.
Fig. 1[image: figure 1]
Patient selection. All HCT during the study period at our institution were 271, with patients selected as illustrated, and 206 recipients were eligible for analysis by allo-HCT. BSI, bloodstream infection; HCT, hematopoietic cell transplantation; pre-E-BSI, before neutrophil engraftment; post-E-BSI, after neutrophil engraftment


Full size image

Table 1 Patient characteristicsFull size table

Oral care types
All the recipients consulted an oral care team and dentists before the allo-HCT. They received sufficient dental treatment and guidance for appropriate oral self-care as follows: (1) oral hygiene (brushing with a soft bristled toothbrush and/or sponge swab, twice a day if possible), (2) decontamination of the oral cavity (oral rinses with distilled water with 0.001–0.002 v/w% of sodium gualenate hydrate, 3–5 times a day). Recipients with only these oral self-care (“self-care group”) practices were referred to the oral care team when their OM exacerbated. In addition to oral self-care, intensive oral care at the bedside was performed by a dental specialist for the patients in the “intensive-care” group. This intensive care was being regularly performed since May 2012 after the introduction period from February 2012 to promote oral health and quality of life (QOL) for the patients. In detail, assessment and interventions by the oral care team were administered on days − 7, − 1, 4, and 7; thereafter, the oral care team visited once to three times a week until neutrophil engraftment depending on the symptoms and severity of OM. They provided the following interventions: (i) brush teeth to every corner using the patient’s own tooth brush and sponge swab, (ii) brush in well-observed conditions by keeping the entire oral cavity in the field of view with a pen light, and (iii) use dental floss if necessary. These interventions took about 15 min per visit.
Definition of BSI, before neutrophil engraftment BSI, and after neutrophil engraftment BSI
BSI was defined as the isolation of at least one bacterial or fungal pathogens from at least one blood culture. For suspected skin contaminants, such as CoNS and Corynebacteria, two separate positive blood cultures or two positive cultures within 72 h were required. Polymicrobial BSI was defined when two pathogens were isolated from a single blood culture or from two separated positive blood cultures. Blood culture was performed when a recipient presented with a febrile episode that reoccurred for 3 days when the fever persisted; samples were obtained in two sets of bottles from both, a peripheral vein and from the CVC. BSI events were classified into two types, based on the timing of the event, as follows: “pre-E-BSI” was between day 0 to neutrophil engraftment and “post-E-BSI” was defined as between neutrophil engraftment to day 180.
Antibiotic prophylaxis allo-HCT period
All the patients stayed in rooms with high-efficiency particulate air filters and positive air pressure during the early phase of allo-HCT. Acyclovir (oral 1000 mg/day or intravenous 750 mg/day), antifungal agents (oral fluconazole 200 mg/day or intravenous micafungin 50–150 mg/day), and nebulized pentamidine (300 mg/once in 3 week) or oral trimethoprim-sulfamethoxazole (480 g/day) were administrated as prophylactics. From 2006 to 2011, most patients received oral fluoroquinolones (FQ, ciprofloxacin 300 mg/day or levofloxacin 250–500 mg/day) on a regular basis to prevent FN before neutrophil engraftment. Routine prophylaxis was discontinued after April 2012 owing to an increase in FQ-resistant bacteria.
Statistical analyses
All time-to-events were calculated from the date of transplantation. As an exception, post-E-BSI was analyzed in patients who achieved engraftment, and time-to-event data were calculated from the date of engraftment. The incidence of pre-E-BSI was calculated on day 30. In order to compare the clinical phenotypes, category variables were evaluated using Fisher’s exact test. OS was evaluated until death, re-transplant, or loss to follow-up with the Kaplan–Meier estimator (log-rank test). Gray’s test was used to compare the cumulative non-relapse mortality (NRM) and BSI. Multivariate analyses were performed for the cumulative incidence of BSI using Fine-Gray’s test. Two-tailed P-values < 0.05 were considered to indicate statistical significance. All the statistical analyses were performed using R-statistical software version 3.4.3 (The R Foundation for Statistical Computing) and EZR (Saitama Medical Center, Jichi Medical University), a graphical user interface for R [19].


Results
The incidence of BSI
A total of 112 BSI occurred in 90 of 206 recipients until day 180. The cumulative incidence were overall BSI until day 180, 44.3% (95% (confidence interval) CI 37.7%–51.5%); pre-E-BSI, 30.7% (95% CI 21.8–42.1%); and post-E-BSI, 21.1% (95% CI 15.8–27.9%), respectively.
Pathogens
A total of 120 bacteria were identified, of which CoNS was the most prevalent (n = 52, 43.3%). When pre-E-BSI and post-E-BSI were separated, CoNS was the most common, respectively: 35.7% and 54.0%. Twenty-two had repeated BSI twice until 180 days: 2 patients had both pre-E- and post-E-BSI, 10 patients had pre-E-BSI twice, and 10 recipients had pre-E-BSI twice. Polymicrobial BSI was observed in 8 patients: pre-E-BSI in 5 patients and post-E-BSI in 3 patients. The pathogens of BSI are listed in Table 2.
Table 2 List of the isolated pathogensFull size table

Comparison of the self-care group and the intensive-care group
The patient population was 95 in the self-care group and 111 in the intensive-care group. The median time-to-engraftment was equivalent to 18 days (range, 12–39 days) in the self-care group and 17 days (range, 11–42 days) in the intensive-care group (P = 0.512). The median days of CVC insertion after allo-HCT were also equivalent, 80 days (range, 6–336 days) in self-care group, and 76 days (range, 6–394 day) in intensive-care group (P = 0.625). Compared to the self-care group, the intensive care group had more conditioning with melphalan (P = 0.044), less FQ prophylaxis (P < 0.001), less total-body irradiation (TBI) dose (P < 0.001), and a lower HCT-CI score (P = 0.002) (Table 1).
The cumulative incidence rates of overall BSI and post-E-BSI in the intensive-care group were significantly lower (37.8% and 14.3%, respectively) than that in the self-care group (52.0% and 28.6%, respectively; P = 0.04 and P = 0.013, respectively; Fig. 2A and C; Table 3). The cumulative incidence rates of pre-E-BSI were not significantly different between the self-care and intensive-care groups (30.8% and 30.6%, respectively; P = 0.508) (Fig. 2B).
Fig. 2[image: figure 2]
Cumulative incidence of BSI, self-care vs. intensive-care group. A The cumulative incidences of overall BSI until day 180 (self-care vs. intensive-care group, 52.0 vs. 37.8%, P = 0.04). B The cumulative incidences of pre-E-BSI (day 0 to neutrophil engraftment) (self-care vs. intensive-care group, 30.8 vs. 30.6%, P = 0.508). C The cumulative incidences of post-E-BSI (neutrophil engraftment to day 180) (self-care vs. intensive-care group, 28.6 vs. 14.3%, P = 0.013)


Full size image

Table 3 Univariate and multivariate analysisFull size table

Risk factors for BSI
In the univariate analysis, conditioning with melphalan (P = 0.0038) and use of cord blood (P = 0.0095) were risk factors for pre-E-BSI. Self-care (P = 0.013) and use of bone marrow (P = 0.002) were risk factors for post-E-BSI, respectively. Duration of CVC insertion did not show any influence on the incidence of overall BSI (P = 0.531), pre-E-BSI (P = 0.143), and post-E-BSI (P = 0.607).
There were no significant differences in age, TBI dose, HCT-CI, disease status, year of allo-HCT, and FQ prophylaxis for both periods (Table 3).
There was no risk factor for overall and pre-E-BSI in multivariate analysis. Intensive-care group showed the preventive effect of post-E-BSI (hazard ratio 0.49, 95% CI 0.26–0.94, P = 0.032) (Table 3).
Incidence of BSI with CoNS
To further confirm the difference in BSI due to oral care type, we assessed BSI with non-CoNS and CoNS. The incidence rate of overall BSI with non-CoNS showed no statistical differences due to the oral care type (P = 0.493; Fig. 3A) or between pre- and post-E-BSI (P = 0.379 and P = 0.561, Figs. 3B and C, respectively). In contrast, the incidence rate of overall BSI with CoNS in the intensive-care group was lower than the self-care group (21.7 vs. 36.4%, respectively; P = 0.036; Fig. 3D). The incidence rate of pre-E-BSI with CoNS was equivalent in both groups (P = 0.836; Fig. 3E). Meanwhile, the incidence of post-E-BSI with CoNS was lower in the intensive-care group than in the self-care group (8.3% and 21.5%, respectively; P = 0.009; Fig. 3F).
Fig. 3[image: figure 3]
Cumulative incidence of BSI with CoNS or non-CoNS. The cumulative incidences of overall BSI, pre-E-, and post-E-BSI with non-CoNS, self-care vs. intensive-care group showed (A) 24.4 vs. 20.5% (P = 0.470), (B) 15.9 vs. 19.3% (P = 0.379), and (C) 10.3 vs. 9.0% (P = 0.561). The cumulative incidences of overall BSI, pre-E-BSI, and post-E-BSI with CoNS, self-care vs. intensive-care group showed (D) 36.4 vs. 21.7% (P = 0.036), (E) 19.2 vs. 13.9% (P = 0.312), and (F) 21.5 vs. 8.3% (P = 0.009)


Full size image

Outcome
The graft rejection rate was 11.6% in the self-care group and 7.2% in the intensive-care group, with no difference between the two groups (P = 0.337). In 4 of 19 recipients without neutrophil engraftment, pre-E-BSI was the direct cause of death. Two recipients in the self-care group died from post-E-BSI, and the causative pathogens were Klebsiella pneumoniae (n = 1) and Pseudomonas aeruginosa (n = 1); meanwhile, no patient in the intensive-care group died from post-E-BSI. In the self-care group, OS and NRM at day 180 were 72.6% (95% CI 62.5–80.5%) and 22.4% (95% CI 15.2–32.2%), respectively. In the intensive-care group, these were 81.9% (95% CI 73.3–87.9%) and 11.2% (95% CI 6.5–18.9%), respectively. The oral care type did not have influence on OS (P = 0.308) and NRM (P = 0.402) until day 180.


Discussion
CoNS is a very common bacterium in BSI and is known to be transmitted via the oral mucosa in addition to the skin associated with CVC placement [13, 15, 20,21,22]. Recently, Soga et al. reported that the bacterial flora in the oral cavity was changed following allo-HCT. The frequency of CoNS detection in the oral cavity increased from 15% in the early stage of allo-HCT to 50% after 3 weeks of transplantation [15]. Another study reported that the oral environment was associated with bacteremia with CoNS after transplantation [22]. Based on these studies, we speculated that oral mucosal intervention had some effect on BSI after allo-HCT. Our analyses showed that BSI caused by CoNS was the most common complication in allo-HCT, as previously reported [23, 24]. Furthermore, as per our prediction, the incidence of BSI caused by CoNS was reduced in the intensive-care group. Although we did not monitor the oral bacteria and cannot show a direct association, it may be enough to suspect the effect of oral care for BSI with CoNS, especially post-E-BSI (Fig. 3).
OM, possibly the most common complication in allo-HCT [10, 16, 17], is sometimes severe enough to necessitate the use of opioid analgesics and compromises the QOL of the recipients [17]. The risk factors of OM were “radiation therapy,” “neutropenia,” “high-risk chemotherapeutic agents like melphalan,” and “transplantation itself” [25]. Certainly, OM may not be the direct cause of death; however, as per previous reports, the inability to eat because of mucosal damage resulting from severe OM is associated with lower physical functioning and longer administration days of total parenteral nutrition (TPN) [21]. These factors may contribute to worse patient outcomes. Prevention of severe OM in allo-HCT recipients through intensive oral care may subsequently result in higher activity among the recipients and improve oral intake. As a result, TPN weaning may be accelerated and the time of CVC insertion, one of the triggers of BSI, may be shortened. However, based on our analysis, there were no differences in CVC insertion period between the self-care and intensive-care groups (Table 1), neither the incidences of BSI depending on the time of CVC insertion (Table 3). Assessment of these combined effects may be challenging, and we could not analyze this issue in detail to draw meaningful conclusions.
There are certain limitations of this study. First, the major assignment of oral care type and conditioning regimen, especially with or without melphalan/TBI, were dependent on the year of transplantation. Melphalan was often used in the intensive-care group, and the high-dose TBI was less. We corrected this problem with multivariate analysis and tried to solve it. The second limitation is that the study was a retrospective study and conducted at a single institute. Although our results are sufficient to imply the effect of the intensive oral care, to clarify the effects, it is necessary that revalidation studies be performed in larger samples, employing a randomized clinical trial design to assess the differences in patient outcome as per type of oral care. Lastly, although this analysis showed that intensive oral care could reduce post-E-BSI, it is not enough to reveal the effect on mortality, since there were only two deaths due to post-E-BSI. With recent improvements in antibiotics, the risk of death from BSI after neutrophil engraftment may no longer be alarming [1, 2].
In conclusion, although the contribution of intensive oral care to the overall outcome in allo-HCT patients could not be elucidated, post-E-BSI incidence with CoNS was significantly reduced. BSI may not be fatal in patients after neutrophil engraftment; however, reduction in mucosal injury may also increase the safety of allo-HCT.
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