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TABLE 1

Frequency distribution of basic characteristics in percentage (%) among 568 male worker s stratified by exposure

categories
Chemical exposure
High (¢ 5) Moderate (3 1 and < 5) Low (<1) Tota
Characteristic (n=76) (n=191) (n=301) (N=568)
(%) (%) (%0) (%)
Manufacturing factory
PVC 67.1 64.4 39.2 51.4**
VCM 32.9 25.6 60.8 48.6**
Age? 40 years 46.1 46.1 59.1 53.0*
Duration of employment 3 15 years 43.4 45.0 56.5 50.9*
Body mass index 3 25.0 kg/m? 29.0 33.0 27.9 29.8
Current cigarette smoking (yes) 48.7 435 36.9 40.7
Alcohol drinking (yes) 23.7 8.4 9.6 11.1**
Positive hepatitis B surface antigen (HBSAQ) 19.7 15.7 17.6 17.3
Positive hepatitis B e antigen (HBeAQ) 7.9 1.6 37 35
Positive anti-hepatitis C antibody (Anti-HCV) 13 4.7 3.7 3.7

* p< 0.05; ** p< 0.01 by c? test.



TABLE 2

Odds ratio (OR) with 95% confidence intervals (C.1.) of multiple logistic regression modeling adjusted for major
determinants: including body mass index (BMI), chemical exposure, hepatitis B surface antigen (HBSAg), anti-hepatitis C
antibody (Anti-HCV), drinking, and smoking

AST ALT

Determinants Definition OR (95% C.I.) OR (95% C.1.)
Age (years) 3 40.0 v<40.0 0.8 (0.5-1.5) 0.6 (0.4-1.0)
BMI (Kg/M?) 3 250v<250 2.2 (1.2-3.9)* 3.5(2.2-5.5)*
Chemical exposure High vLow 1.3(0.6-2.9) 1.4 (0.7-2.6)

Moderate vLow 0.8(0.4-1.5) 1.0 (0.6-1.6)
HBsAg Positive v Negative 3.5(1.9-6.4)* 25(1.5-4.2)*
Anti-HCV Positive vNegative 5.9 (2.2-15.9)* 2.3(0.8-6.3)
Drinking Yes vNo 1.3(0.6-3.0) 0.9 (0.5-1.9)
Smoking Yes vNo 1.1(0.6-2.1) 1.0 (0.6-1.6)

* p<0.01 by c?test.



TABLE 3

Frequencies and adjusted Odds ratio (OR) with 95% confidence intervals (C.1.) of abnormal serum aminotransferase
activity stratified by exposure classification and hepatitis virus infection. All odds ratios were adjusted for age, body mass

index and alcohol drinking.

AST ALT
(n=58) (n=103)
Category %  OR (95%CI)t OR (95% CI)i % OR(95%CI)t OR(95% Chf
HBsAg (+) or Anti-HCV (+)
High Exposure 56.3 10.6 (3.6-31.5)* 6.2 (1.8-21.4)* 625 6.4(21-19.1)* 6.5(1.8-23.6)*
Moderate Exposure 235 3.0(1.1-8.0) 1.6 (0.4-5.7) 353 21(0.9-5.0) 2.3(0.7-7.5)
Low Exposure 159 2.3(0.9-5.4) 1.0 (Referent) 19.0 1.4(0.7-3.0) 1.0 (Referent)
HBsAg (-) and Anti-HCV (-)
High Exposure 1.7  0.5(0.1-15) 11.7 0.5(0.2-1.3)
Moderate Exposure 57  0.6(0.3-1.6) 146 0.7(0.4-1.3)
Low Exposure 8.8 1.0 (Referent) 16.4 1.0 (Referent)

* p < 0.01 by Mantel-Haenszel ¢*test for trend analysis

t The referent group (OR=1) refers to workers with low chemical exposure and negative hepatitis virus infection.

¥ The referent group (OR=1) refers to workers with low chemical exposure and positive hepatitis virus infection.
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Figure1

Odds ratio (OR) with 95% confidence intervals (Cl) of abnormal AST (top) and ALT (bottom) among workers with different
categories of exposure and hepatitis B infection, adjusted with age, drinking, Anti-HCV and BMI. The reference group (OR=1.0)
refers to workers with low chemical exposure and negative hepatitis B infection.
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Main M essages

® Hepatitis virus infection and increased body mass index are important non-occupational
factors that increase serum aminotransferase in asymptomatic chemical workers.

® Hepatitis virus infection has synergistic effect with exposure to vinyl chloride monomer and
1,2-ethylene dichloride on serum aminotransferase activity.

® Synergistic effect between hepatitis virus infection and chemical exposures on serum
aminotransferase is more prominent in workers with positive HBeAg as compared to those

with positive HBsAg but without HBeAg.

Policy implications

® Assessment of fitness for work should be considered in workers with hepatitis B and C
infection, when they have potential exposure to hepatotoxin at workplace.

® In countries where hepatitis B and C virus infection is prevalent, more stringent occupational

standard is needed to protect workers exposed to hepatotoxin.



Abstract

Objectives--To study the synergistic effect of occupational chemical exposure with hepatitis
virusinfection on serum aminotransferase activity.

Methods--A total of 568 male workers who were employed in 5 polyvinyl chloride (PVC) or 4
vinyl chloride monomer (VCM) manufacturing factories were included for analysis. Information
relating to current job title, alcohol consumption and cigarette smoking was obtained by an
interviewer-administered questionnaire. Exposure level of chemical mixtures was classified by
hygienic effect (a summation of personal time weighted average / reference permissible exposure
level of each chemical) into high, moderate and low exposure groups. Serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT), hepatitis B surface antigen
(HBsAQ), hepatitis B e antigen (HBeAg), and anti-hepatitis C antibody were assayed.

Results-- Hepatitis virus infection and increased body mass index were associated with
abnormal serum aminotransferase activity. We also found that in workers with hepatitis virus
infection, those with high exposure had a higher prevalence of abnormal AST and ALT as
compared to low exposure group (odds ratio, 6.2, 6.5; p<0.01). While among those without
hepatitis virus infection, the differences of prevalence of abnormal AST and ALT were not
statistically significant between different chemical exposure groups. But there was a significant
trend of increasing risks of elevated AST and ALT in moderate and high exposure groups with
hepatitis virus infection. Such a synergistic effect was more prominent among HBeAg-positive
workers.

Conclusions--We conclude that mixed exposures to EDC and VCM have positive synergistic

effect with hepatitis virus infection on liver damage. Assessment of fitness for work should be



considered in workers with hepatitis B and C infection, when they have potential exposure to
hepatotoxin at workplace. Furthermore, in countries where hepatitis B and C virus infection is
prevalent, more stringent occupational standard is needed to protect workers exposed to

hepatotoxin.



Serum aspartate aminotransferase (AST) and aanine aminotransferase (ALT) have been
used extensively in the assessment of the liver damage. Abnormal serum aminotransferases have
been associated with occupational and non-occupational factors.[1] Among nonoccupational
hepatotoxins, hepatitis B and C virus infection have synergistic effects with alcohol consumption
on serum aminotransferases.[2][ 3] However, it is not clear whether occupational chemical
exposure and hepatitis B and C have synergistic effects on these hepatic enzymes or not. This
guestion is needed to be resolved for the assessment of fitness of work, particularly in population
with high prevalence of hepatitis B infection, including Taiwan.[4][5]

We have followed vinyl chloride monomer (VCM) and polyvinyl chloride (PVC)
manufacturing workers for their liver disordersin the past decade. Either VCM (CAS No.
75-01-4) or 1,2-ethylene dichloride (EDC; CAS No. 107-06-2) exposure has been associated
with serum aminotransferase abnormalities in our previous studies.[6][7] In the above studies, it
seems that exposed workers with hepatitis B infection tend to have higher risk of abnormal
serum aminotransferase as compared to those without hepatitis B infection. However, it was
difficult to draw a conclusion because of the small number of subjects with abnormal serum
aminotransferase. To increase the power of detection for the interaction between hepatitis virus
infection and occupational chemical exposure, we included workers from both PVC and VCM
manufacturing plants, who received medical examination between 1995 and 1997. Since workers
with hepatitis B e antigen (HBeAg) also had higher prevalence of serum aminotransferase
abnormality,[8] the interaction between HBeAg and occupational chemical exposure on serum

aminotransferase was further assessed.



M ethods

STUDY POPULATION

A total of 617 workers were eligible. Because 49 workers had incomplete data, 568 (92%)
workersfrom 5 PVC (n = 292) and 4 VCM (n = 276) manufacturing factories were included for
the analysis. Among them, 11 workers were office workers, who stayed indoor during most of
their working hours, and 3 workers were guards who stayed away from the manufacturing site.
Most of these workers have been presented in previous studies to investigate the relationship
between external chemical exposures and liver function or genotoxicity, or the effects of
metabolic genotypes on liver function or genotoxicity.[6][7][9]

After informed consent was obtained, al study subjects were surveyed by an
interviewer-administered questionnaire to obtain information on smoking, alcohol consumption,
medicines, and medical and occupationa histories. Alcohol consumption was calculated from
drinking frequency and alcohol content of each beverage consumed. Those who drank at |east
once and had acohol consumption with a minimum of 80 grams intake per week in past one
month were defined as having drinking habit. Smoking behavior was defined as having smoked

at least one cigarette per day within the preceding 6 months of data collection.

EXPOSURE ASSESSMENT
EDC is used in the production of VCM, and VCM is subsequently used for the
polymerization to manufacture PV C. In VCM manufacturing plants, workers were exposed to

both EDC and VCM, while workersin PV C plants were exposed to VCM only. Detailed

occupational history included job title, daily activity and use of respirator in the current and



previous jobs. Personal samplings were conducted to calculated EDC and VCM time weighted
average (TWA) for each category of work.[9][10] If persona sampling data was not available,
data of area sampling was used. Office workers and guards were presumably exposed to extreme
low concentration of chemicals, thus 0 ppm of VCM and EDC were assumed as their TWA. To
consider the combined effect of EDC and VCM, the hygienic effect was cal culated by using the
model of (C/T;) + (G T2), where Cwas the measured TWA and T was the permissible exposure
levels or equivalents for each chemical. One ppm was used for both EDC and VCM in this study,
which has been adopted by many institutions. Our previous study aso found that EDC and VCM
cause abnormal liver aminotransferase around 1 ppm. [ 7] Workers with hygienic effects below 1
were classified into the low exposure group. Workers with hygienic effects between 1 to 5 were
classified into the moderate exposure group, and workers with exposures greater than 5 were

classified into the high exposure group.

BIOCHEMICAL TESTSAND HEPATITISVIRUS MARKERS

Markers of liver damage, including AST and ALT, were analyzed with a Hitachi 7050
autoanalyzer (Hitachi Co, Tokyo, Japan) at National Taiwan University Hospital (NTUH).
Hepatitis B virus surface antigen (HBsAg) and anti-hepatitis C virus antibody (anti-HCV) were
determined by enzyme-linked immunoassay (EIA, Abbott Laboratories, Chicago, IL, USA),
respectively. HBeAg was a so assayed with ELISA method in workers with positive HBSAQ.
Abnormal results for serum aminotransferases were defined as having values greater than
reference provided by NTUH. In 1995, it was 31 for both ALT and AST. In 1996 and 1997, it

was 37 for AST, and 41 for ALT. Subjects with positive hepatitis B infection were defined as



having positive HBsA g, and subjects with positive hepatitis C infection were defined as having
positive anti-HCV. Since the number of subjects exhibiting a positive titer for anti-HCV was
small, HBsAg and anti-HCV were grouped together as hepatitis virus infection. BMI was

calculated as weight in kilograms divided by the square of height in meters.

STATISTICAL ANALYSIS
PC/SAS statistical package (SAS Institute Inc., Cary, NC, USA) was used for the
statistical analysis. c¢? test was used to compare the differences of age, employment duration,
hepatitis virus infections, body mass index and alcohol consumption between different exposure
groups. Crude comparisons of abnormal AST and ALT by variables of interests were conducted
in the univariate analysis. Subsequently, a multiple logistic regression model was used to
determine the odds ratio (OR) of abnormal AST and ALT levelsfor different exposure groups
(high, moderate and low chemical exposure), hepatitis virus infection (yes and no), body mass
index (> 25.0 and <25.0 kg/m?) and habitual drinking (yes and no). OR of abnormal AST and
ALT levels on different exposure groups stratified by hepatitis B and C virus infection was also
calculated after controlling for potential confoundersincluding age, BMI and alcohol drinking.
OR of abnormal AST and ALT on the chemical exposure (low, moderate and high) was further
calculated by HBeAg and HBsA(g status (-/-, -/+, and +/+, respectively). All the p-vaues were

guoted two-sided, and those values < 0.05 were regarded as statistically significant.

Results

DESCRIPTIVE STATISTICS

10



The basic characteristics of study subjects stratified by different exposure groups are
summarized in Table 1. The median TWA of VCM is 0.67 (range from 0.0 to 73.8) ppm and
EDC is0.35 (from 0.0 to 30.5) ppm. Most workers (83.6%) were less than 50 years of age,
29.8% of workers had BMI greater than 25, 11.1% of workers consumed more than 80 grams of
alcohol per week, 17.3% of workers had HBsAg, and 3.5% of workers had HBeAg. High
exposure group had more habitual drinkers than moderate and low exposure groups. Low
exposure group was older than moderate and high exposure groups. All other characteristics of
cigarette smoking, BMI, HBeAg, HBsAg and Anti-HCV were not statistically significant
between these three exposure groups.

Overall, 112 workers (19.7%) showed elevations of AST or ALT. There were 22.4%, 20.4,
and 18.6% of workers who having abnormal AST or ALT among high, moderate and low
exposure groups. Workers of high exposure had more cases of abnormal AST or ALT when

comparing with other workers, but this did not reach a statistical significance.

MULTIPLE LOGISTIC REGRESSION ANALYSIS

Multiple logistic regression analysisin Table 2 revealed that AST was associated with
BMI and hepatitis virus infection. ALT also had similar findings but the association with
hepatitis C infection and ALT did not reach a statistical significance. Increased chemical
exposure was al so associated with abnormal ALT or AST, but this association did not reach a

statistical significance.

INTERACTION ANALY SIS OF FACTORS ON SERUM AMINOTRANSFERASE
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The interactions between chemical exposure and each potentia factor (hepatitis virus
infection, BMI and acohol drinking) on serum aminotransferase were calculated. Significant
interactions were observed for chemical exposure and hepatitis virus infection (Table 3). When
workers didn’t have hepatitis virus infection, all serum aminotransferases showed no difference
among different exposure groups. The dose-dependent effects of chemicalson AST and ALT
were found when workers had hepatitis virus infection. Workers who had high chemical
exposure and hepatitis virus infection had the highest risk on abnormal AST (OR, 10.6; 95% Cl,
3.6-31.5) and ALT (OR, 6.4; 95% Cl, 2.1-19.1) when comparing with workers who were low
chemical exposure and lacked hepatitis virus infection. If we confined the analysis for those with
hepatitis virus infection, high exposure group had the highest risk of abnormal AST (OR, 6.2,
95% Cl, 1.8-21.4) and ALT (OR, 6.5; 95% Cl, 1.8-23.6) when comparing with low exposure
group.

Further analysis was a so performed when workers with positive HBsAg were divided
into 2 groups according to the presence of HBeAg status (Figure 1). After adjustment for age,
drinking, and BMI, significant higher risks of abnormal AST (OR, 7.1; 95% ClI, 0.6-81.2) and
ALT (OR, 21.0; 95% Cl, 1.4-320.7) were observed in high exposure group compared with low
exposure group among workers with both HBsAg and HBeAg. Among workers who had positive
HBsAg but did not have positive HBeAg, higher risk of abnormal AST (OR, 5.1; 95% Cl,
1.1-24.3) or ALT (OR, 3.7; 95% CI, 0.7-20.0) was observed in high exposure group when
comparing with low exposure group. Moreover, among workers without HBsAg, chemical
exposure didn’t increase the risk of abnormal liver function. Workers who had positive HBeAg

and high chemical exposure had the highest risk of abnormal AST (OR, 29.5; 95% Cl, 5.2-166.0)
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and ALT (OR, 25.6; 95% ClI, 3.9-168.0) when comparing with low exposed workers without
HBsAg. Thereisadstatistically significant trend (Mantel extension test for trend, p<0.01) for
increased frequency of abnormal AST and ALT aong with severity of hepatitis virus infection
among high exposure group.

Among workers whether consuming acohol or not, prevalence of abnormal AST and
ALT was not observed between different chemical exposure groups. It isinteresting to observe
that, after adjusted with hepatitis virus infection, age, and BMI, drinkers with hepatitis virus
infection had higher rates of abnormal AST (OR, 9.1; 95% Cl, 2.4-34.1) and ALT (OR, 2.9; 95%
Cl, 0.9-10.1) as compared to those without hepatitis virus infection and habitual drinking. The
positive interaction effect of hepatitis virus infection and a cohol consumption on AST reached a

statistical significance.

Discussion

The results reveal that occupational chemical exposure had positive interaction with
hepatitis B and/or C infection on serum AST and ALT. This synergistic effect was the most
obvious in workers with positive HBeAg. However, a statistical association may not indicate a
causal association. Asthe most commonly reported determinants for elevation of AST and/or
ALT, including BMI, acohol, and age, were all controlled; we suspected that such an association
might be causal.

Hepatitis B and/or C infection have been associated with elevated serum
aminotransferase activities.[11] Our results reveal similar findings, although the association

between anti-HCV and ALT was not statistically significant. Thisis probably due to small
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numbers of workers with anti-HCV. Increased BMI is &l so associated with increased ALT and
AST inour study (table 2). Increased BMI is acommon etiology of abnormal liver function tests
for healthy workers.[6][7][12] Our results corroborate such an association. Alcohol consumption
has been reported to be associated with abnormal liver function,[11] but our results didn’t show
thisrelationship. Thisis most likely due to relative small amount of acohol consumption by
theses workers. Lack of association between alcohol consumption with abnormal ALT and AST
was also observed in severa studies conducted in Taiwanese workers.[10][15] A study
conducted in Italy showed that those consumed 80 gm each day had greater risk of developing
abnormal liver function among chronic symptomless HBV carriers.[2] Positive synergism was
also observed between HCV infection and alcohol consumption.[3] Our study also revealed that
HBV and HCV infection exacerbated the effect of alcohol on AST, although the effects of
alcohol on ALT was less prominent. Again, this could result from the small amount of a cohol
consumption in our study subjects. Additionally, AST elevation is usually more prominent than
ALT in alcoholic hepatitis.[13][14] Thus, the relationship between abnormal serum
aminotransferases and nonoccupational factorsin our study is consistent with previous studies.
A recent study also showed that the rel ationship between occupational
dimethylformamide exposure and abnormal liver function were enhanced in those with HBV
infection.[15] Here, we demonstrated that VCM and EDC together could & so have amore than
additive interaction with HBV and HCV infection. Further analysis in our study indicated that
workers with HBeAg were more likely to have abnormal ALT and AST as compared to those
with HBsAg alone, when they were exposed to occupationa chemicals. Asboth VCM and EDC

were reported to be hazardous to the liver, detection of such an effect is not surprised and the
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mechanism should be clarified.

Previous human and animal studies indicated that glutathione (GSH) depletion can be
caused by hepatitis virus infection.[16][17][18] Glutathione S-transferases (GST) and glutathione
play an important role in the metabolism of EDC and VCM, of which the electrophilic
intermediate metabolites are conjugated with GSH to be detoxified.[19][20] Thus, GSH
depletion caused by hepatitis virus infection may lead to an accumulation of active intermediate
metabolites of EDC and VCM, then exacerbate EDC and V CM-induced hepatotoxicity. Previous
study that conducted with 1,1-Dichloroethylene showed correlations between hepatocellular
damage and magnitudes of both covalent binding and GSH depletion also supported this
proposed hypothesis.[21] Our recent study also suggests that the GSTT1 genotype may play an
important role on liver aminotransferase abnormality caused by vinyl chloride.[6] In patients
with positive HBeAg, there is more active HBV replication and inflammation, which can reduce
the level of GSH.[22] Therefore, they are at a high risk of showing elevation for AST and ALT,
as showed in figure 1. We conclude that subjects with hepatitis B and/or C virusinfections are
more likely to be damaged by hepatotoxic agents, such a potentia synergistic effect may be
caused by GSH depletion after hepatitis virus infection.

Studies conducted in human and rats al so found that ethanol significantly decreased the
glutathione concentrations,[23][24][25] of which the synergistic hepatotoxic effect between
alcohol and hepatitis virus infection could be also resulted from potential overloading of the
oxidative damage through the generation of reactive intermediate and decreased radical
scavenging.

It is our concern that VCM or EDC workers with HBV and/or HCV infections may not
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be well protected under current occupationa standards. We suggest workers with HBeAg not to
be involved in works exposed to hepatotoxins. For workers with anti-HCV and abnormal serum
aminotransferases, we also advise them not be exposed to hepatotoxin. Workers with positive
HBsAg but negative HBeAg need to be closely followed for their serum aminotransferases, if
exposed to higher levels of VCM or EDC. Most of all, more stringent occupational standard is
needed to protect workers exposed to hepatotoxin in countries where hepatitis B and C virus

infection is prevalent.
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TABLE 1

Frequency distribution of basic characteristics in percentage (%) among 568 male worker s stratified by exposure

categories
Chemical exposure
High (3 5) Moderate (3 1 and < 5) Low (<1) Tota
Characteristic (n=76) (n=191) (n=301) (N=568)
(%) (%) (%) (%)
Manufacturing factory
PVC 67.1 64.4 39.2 51.4**
VCM 32.9 25.6 60.8 48.6**
Age?® 40 years 46.1 46.1 59.1 53.0*
Duration of employment 2 15 years 43.4 45.0 56.5 50.9*
Body mass index 3 25.0 kg/m? 29.0 33.0 27.9 29.8
Current cigarette smoking (yes) 48.7 43.5 36.9 40.7
Alcohol drinking (yes) 23.7 8.4 9.6 11.1**
Positive hepatitis B surface antigen (HBSAQ) 19.7 15.7 17.6 17.3
Positive hepatitis B e antigen (HBeAQ) 7.9 1.6 37 35
Positive anti-hepatitis C antibody (Anti-HCV) 13 4.7 3.7 3.7




* p< 0.05; ** p< 0.01 by c? test.



TABLE 2

Odds ratio (OR) with 95% confidence intervals (C.1.) of multiple logistic regression modeling adjuste
determinants: including body mass index (BMI), chemical exposure, hepatitis B surface antigen (HBs
antibody (Anti-HCV), drinking, and smoking

AST

Determinants Definition OR (95% C.1.) N
Age (years) 3 40.0 v<40.0 0.8 (0.5-1.5)
BMI (Kg/M?) 3 250v<25.0 2.2 (1.2-3.9)*
Chemical exposure High vLow 1.3(0.6-2.9)

Moderate vLow 0.8 (0.4-15)
HBsAg Positive vNegative 3.5(1.9-6.4)*
Anti-HCV Positive v Negative 5.9 (2.2-15.9)*
Drinking Yes vNo 1.3(0.6-3.0)
Smoking Yes vNo 1.1(0.6-2.1)

* p < 0.01 by c?test.



TABLE 3

Frequencies and adjusted Odds ratio (OR) with 95% confidence intervals (C.1.) of abnormal serum a
activity stratified by exposure classification and hepatitis virus infection. All odds ratios were adjuste

index and alcohol drinking.

AST A

(n=58) (n=

Category % OR (95%CI)t OR (95% CI)¥ % OR (95% C
HBsAQ (+) or Anti-HCV (+)

High Exposure 56.3 10.6(3.6-31.5* 6.2(1.8-21.4)* 625 6.4(2.1-19.

Moderate Exposure 235 3.0(1.1-8.0) 1.6 (0.4-5.7) 353 21(09-50

Low Exposure 159 2.3(0.9-54) 1.0 (Referent) 190 14(0.7-3.0
HBsAg (-) and Anti-HCV (-)

High Exposure 1.7 0.5(0.1-1.5) 117 05(0.2-1.3

Moderate Exposure 57 0.6(0.3-1.6) 146 07(04-13

Low Exposure 8.8 1.0 (Referent) 16.4 1.0 (Refere

* p < 0.01 by Mantel-Haenszel ¢*test for trend analysis

t The referent group (OR=1) refers to workers with low chemical exposure and

negative hepatitis virus infection.

¥ The referent group (OR=1) refers to workers with low chemical exposure and

positive hepatitis virus infection.
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Figure 1

Odds ratio (OR) with 95% confidence intervals (Cl) of abnormal AST (top) and ALT
(bottom) among workers with different categories of exposure and hepatitis B
infection; adjusted with age, drinking, Anti-HCV and BMI. The reference group
(OR=1.0) refers to workers with low chemical exposure and negative hepatitis B
infection.
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