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Introduction
The goal of the blood bank is to provide safe and effective blood transfusions to patients. As such, blood donation centers and transfusion services go to great lengths to screen out ineligible donors and characterize blood donations in an effort to prevent transmission of infectious diseases and minimize transfusion of incompatible or ineffective units. As effective as these procedures are in providing safe blood products, the possibility still remains that a patient could receive a blood product that is ineffective or even harmful because of an emerging or presently unknown threat. Therefore, it essential to continue to evaluate potential threats to the blood supply. A recent paper by DiSimone et al. (2019) raises the possibility that byproducts of tobacco smoke may adversely affect the quality of blood provided to transfusion recipients. If borne out, the findings from this pilot study may influence blood donor selection and/or screening procedures.

Discussion
The safety and quality of blood products is of paramount concern to blood transfusion recipients. To ensure a safe and effective supply, blood donation centers and transfusion services employ several layers of screening to prevent potentially ineffective or dangerous blood from entering the system. Screening involves utilizing donor selection criteria, obtaining a donor health, lifestyle, and travel history, and performing laboratory tests on donated units. The current donor history questionnaire, however, does not include questions about donor smoking status. Additionally, current laboratory screening procedures on donations test for the presence of clinically significant antibodies and transfusion-transmitted infectious diseases, but do not routinely screen for harmful chemicals. A recent retrospective pilot study, however, examined the possibility that ineffective units may be entering the blood supply due to lack of screening for the tobacco smoking status of donors and laboratory tests for the chemicals associated with tobacco smoke (DiSimone et al., 2019). 
The byproducts of tobacco smoke may affect donor cells and recipients in a variety of ways. It has been known for many years that the particulate and vapor phases of tobacco smoke contain thousands of substances, many of which are known to be toxic (Stedman, 1968).  These substances include nicotine and carbon monoxide (CO), the latter of which comprises up to 5% of the vapor phase of tobacco smoke (Castleden & Cole, 1975; Davis & Gantner, 1974). The toxic effects of CO are due to its 200-fold greater affinity for hemoglobin (Hgb) than O2 (Goldstein, 2008). Binding of CO to Hgb creates carboxyhemoglobin (COHgb), which interferes with the O2-carrying capacity of blood by decreasing the amount of Hgb available to bind O2, and by making oxyhemoglobin less able to release its load of O2 in tissues where it is needed (Castleden & Cole, 1975). By virtue of its lower O2 carrying capacity, transfusion of blood containing high levels of COHgb is likely to be less effective than blood from non-smokers containing lower levels of COHgb. In one study, the COHgb was, on average, approximately four times higher in donors who smoked than those who did not smoke (Boehm et al., 2018). Importantly, the length of abstinence affected the level of COHgb with increasingly lower levels as the period of abstinence increased (Boehm et al., 2018).  This raises the possibility that implementing additional donor screening questions could limit the level of COHgb in units donated by smokers.
Some studies indicate that red blood cells (RBCs) from smokers are less resilient than those from non-smokers. For example, RBCs from smokers are more susceptible to hemolysis, in part due to RBC membrane damage (Masilmani et al., 2016). Furthermore, peroxidant-induced hemolysis of RBCs isolated from smokers was shown to be more than 200% greater than that in RBCs from non-smokers (Asgary, Naderi, & Ghannady, 2005). Predisposition of RBCs from smokers to undergo hemolysis could affect the effectiveness of transfused cells.
In the study by DiSimone (2019), information on donor smoking habits was unknown because the study was retrospective. Therefore, the authors identified donor units from possible smokers by testing segments for presence of nicotine and cotinine (a known metabolite of nicotine) from 100 unique donors. A total of 13 donors (13%) had a cotinine level above that considered positive indicating that these individuals were likely to be smokers. There were no statistically significant differences between the cotinine-positive (“smokers”) and cotinine-negative (“non-smokers”) donors with respect to donor characteristics, pre-donation Hgb levels, or pre-donation hemocrit (DiSimone et al., 2019). However, cotinine-positive segments contained a significantly higher level of COHgb than cotinine-negative segments – median of 3.0% vs. 0.8% (p = 0.007) (DiSimone et al., 2019). The higher COHgb level among segments from presumed smokers suggested that the effectiveness of their units could be compromised in the recipient.
Clinical outcome was compared between patients transfused with cotinine-positive or cotinine-negative units by measuring vital signs, monitoring for transfusion reactions, and by quantifying Hgb and hemocrit (Hct) increments. No differences between patient populations were seen with respect to vital signs or transfusion reactions. However, patients receiving cotinine-positive units had a lower Hgb increment (0.4 g/dL vs. 1.4 g/dL; p = 0.014) and a lower Hct increment (1.2% vs. 3.6%; p = 0.014) than patients receiving cotinine-negative units (DiSimone et al., 2019). The mean Hgb and Hct increment from presumed smokers was less than those indicated in the “Circular of Information for the use of Human Blood and Blood Components”:  1 g/dl for Hgb and 3% for Hct (AABB, America’s Blood Centers, American Red Cross, & Armed Services Blood Program, 2017, pp. 15). These results demonstrated that units obtained from presumed smokers were less effective in raising hemoglobin and hemocrit levels than those from non-smokers.

Conclusions
Transfusions with RBC are performed to replace lost blood due to trauma or surgery, or to augment RBCs in patients with an RBC-related disease. Besides being free from transmissible infectious diseases, donor RBCs should function effectively to achieve the desired clinical outcome. Several effects of smoking among donors may impact the effectiveness of their RBCs. RBCs from donors contain toxic chemicals such as nicotine and cotinine, and exhibit high levels of COHgb. A recent pilot study confirmed the increase in COHgb levels among presumed smokers and also demonstrated that RBCs from these individuals compared to RBCs from non-smokers were less effective in raising Hgb and Hct levels. This study highlights the need for additional larger, prospective studies to investigate this overlooked factor in blood transfusions.
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