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Leishmania major, transmitted in Iraq by the bite of a sand fly Phlebotomus papatasi, causes cutaneous leishmaniasis (CL). The sand fly saliva is immunogenic, with both systemic humoral and cellular human immune responses resulting from natural exposure. 248 Americans who developed L. major infection in Iraq were sex, race/ethnicity, year of Iraq deployment-matched to controls without CL. Using a case-control study design, we compared sand fly saliva-specific human IgG levels and recognized antigens between the two groups. Serologic responses to Ph. papatasi salivary gland homogenate were studied with ELISA and Western blot, using serial samples obtained from before travel, during CL treatment (CL) or at time of return to US (controls), as well as (for CL cases) six to 24 months after return to non-endemic US. The mean change in optical density (MCOD), reflecting the change in sand fly saliva-specific IgG before and after exposure in Iraq, was 0.296 (range -0.138 to 2.057) in cases and 0.151 (range -0.454 to1.085) in controls, p<0.001. Low levels of sand fly saliva specific antibody were noted in CL cases by 7-8 months after return to the US. The most frequently recognized Ph. papatasi salivary antigens were MW30 (PpSP32) and MW64, although other salivary proteins recognized were MW12/14, 15, 18, 28, 32, 36, 42, 44, 46, 52. Logistic regression suggested that MW15, 28 and 42 were associated with the largest effect on the MCOD. MW30 was the most frequently recognized antigen suggesting a role as biomarker for sand fly exposure and CL risk. Anti-Ph. papatasi saliva IgG waned within months of return to the US. We also discuss vector antigenic saliva proteins in the context of CL presentation and identify some salivary antigens that may correlate with less lesion area, ulcer versus papule/plaque, race among those with CL.
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Introduction

Cutaneous leishmaniasis (CL) affects more than 4 million people worldwide and more than a billion individuals live in endemic regions and are potentially at risk of infection (1, 2). Leishmania (L.) major parasites, transmitted by the sand fly vector Phlebotomus papatasi, in North Africa, Middle East, and Southwest Asia countries cause CL in some areas of highest incidence including Iraq (2, 3). Of the sand fly fauna in Iraq, Ph. papatasi, Ph. sergenti and Ph. alexandri represent the only abundant anthropophilic species reported from the country (4, 5), where they are considered the primary vectors of L. major, L. tropica, and L. infantum, respectively (4, 6). Since 2001, more than 2400 U.S. soldiers have been diagnosed with CL; L. major represented the etiology in >99% CL cases from Iraq exposure (7–9). Introducing many Ph. papatasi-unexposed individuals into the circumstances of rudimentary shelter during the first year of combat in endemic Iraq, uniquely allows investigation of the role of human immune responses to vector saliva upon the risk and presentation of CL. With every bite, the sand fly probes and injects some of its saliva; a substance which has been found to be very immunogenic in human participants (10–14). Seminal observations (15, 16) have demonstrated that mice initially immunized with sand fly saliva (no parasite), as well as select molecules of saliva such as SP15 (17, 18), had subsequent clinical disease that was markedly ameliorated after challenge with Leishmania-infected sand fly bites.

Transcriptomic analysis of secreted Ph. papatasi saliva established that a limited number of secreted proteins are present, most with no known human homologue (14). Sand fly saliva has effects on immune responses, inflammation, and hemostasis which are critical to the successful blood feeding by the sand fly and to establishment of Leishmania infection in the skin (19). The L. major protective salivary protein(s) have not been completely identified, although Th1 like cellular immune responses seem essential for protection (14, 16, 20, 21). Sand fly protein SP32 (molecular weight~30 kDa) was found to be the immunodominant target of Ph. papatasi human antibody responses in Tunisia (12); this protein is similar to a silk-related protein found in moths. However, among 23 American Iraq-deployed soldiers infected with Leishmania (species was not stated), an immunodominant antibody response to salivary proteins MW14 kDa and 38 kDa was reported (13).

Our objective was to study the antibody levels to Ph. papatasi salivary antigens in a case control cohort using sera of U.S. soldiers with Iraq-acquired CL compared to their own serum antibody profile before deployment versus a matched race, sex, Iraq-deployed, no CL diagnosis, control group. We also sought to identify recognized salivary antigens associated with CL protection or severity. In addition, because of our referral leishmaniasis treatment center, detailed clinical and epidemiologic factors were available for correlation with immune responses to vector saliva in the CL cohort, as well as access to serial serum samples banked in the Department of Defense serum repository (DoDSR). This allows analysis of clinical outcomes and CL risk factors in comparison to the individuals’ immune response to Ph. papatasi salivary antigens and permits a novel longitudinal assessment of this immune response.



Materials and Methods


Study Design

This case-control study was designed to test serum samples from American soldiers who were deployed to Iraq from 2003-2004, and did (case) or did not (control) develop confirmed L major CL [by culture or polymerase chain reaction (PCR)] (Figure 1). Species of cultured parasites was determined using isoenzyme electrophoresis (22) and molecular testing for L. major was performed with the Smart-Leish PCR (23). Control sera were obtained from sex-, and race- matched soldiers who were deployed to Iraq during the same period, had no prior deployment to leishmaniasis endemic countries, and did not have a CL diagnosis listed in the Defense Medical Surveillance System. No additional information was available for the controls. The study received Institutional Review Board approval (WU01-19002) at Walter Reed Army Medical Center, the Walter Reed National Military Medical Center, and the Uniformed Services University. CL participants provided written informed consent and the matched control sera were provided in a de-identified fashion. CL cases were selected from participants with parasitologically confirmed L. major enrolled in a leishmaniasis treatment trial at Walter Reed Army Medical Center, Washington D.C. who completed a 30-question detailed leishmaniasis risk factor survey (template provided in Supplemental Materials), provided blood samples, and reported no lifelong prior travel to leishmaniasis endemic areas. The survey probed for demographic information including occupation, dates of deployment, night activities and attire, use of personal protective measures (repellent; military brand versus commercial, frequency, night application), permethrin treatment of uniforms, bednet, exposure to biting insects.




Figure 1 | Study Flow Diagram. Using a study flow diagram, the eligibility and matching criteria used, the number of cases and controls at each phase of analysis are clearly delineated. CL, cutaneous leishmaniasis, MCOD is mean change in optical density of IgGs to Ph. papatasi saliva pre to post.



Clinical information, risk factor data, and demographics were obtained in the context of the CL treatment protocol. The same individual’s sera (controls and cases) banked prior to Iraq deployment (pre) were obtained from the Department of Defense Serum Repository, as were post-deployment sera for control samples (post), and later matched serum samples for CL cases at 6-24 months after deployment (late). The sera were tested for antibodies against salivary proteins of the main CL vector in Iraq, Ph. papatasi. Previous studies have demonstrated that salivary proteins of Ph. papatasi and Ph. duboscqi from different geographical areas are highly conserved (24–26). As such, we used a colonized Israeli strain of Ph. papatasi that originated from the Middle East to test the immune response in American soldiers exposed to vector bites in Iraq. All samples were tested in a blinded fashion at the Vector Molecular Biology section, National Institutes of Allergy and Infectious Disease; the laboratory was unaware of pre- and post-deployment or case/control status. For the Western blot analysis of specific parasite proteins, 170 samples were randomly selected from strata based on the mean change of optical density (MCOD) for both controls and cases: MCOD 0 – 0.25 (31 controls and 31 cases), >0.25 – 0.5 (22 controls and 19 cases), >0.5 -1.0 (14 controls and 20 cases) and greater than 1.0 (2 controls and 31 cases). Additionally, total serum IgE was measured in the Western blot subcohort, using ImmunoCAP IgE assay (Phadia U.S., Portage MI).



Sand Flies and Salivary Gland Homogenate (SGH)

Ph. papatasi Israeli strain sand flies were reared at the Walter Reed Army Institute of Research and at the Laboratory of Malaria and Vector Research, National Institutes of Allergy and Infectious Diseases (NIAID), as previously described (17). Salivary glands were dissected from 5 to 7-day-old females and stored in PBS at -70°C. Immediately before use, salivary glands were disrupted by ultrasonication in 1.5ml tubes, then centrifuged at 12,000x g for 3 min and the resultant supernatant (salivary gland homogenate - SGH) was used for different assays.



Analysis of Anti-Saliva Antibodies by ELISA and Western Blot

From pools of 50 pairs of sand fly salivary glands, we prepared a homogenate and measured the protein concentration by bicinchoninic acid method at 1.35 ug of protein/pair (Pierce™, BCA Protein Assay Kit, Thermofisher). ELISA microplates (Immunolon 4HB-Thermo) were coated equivalent to one pair of salivary glands per 1 mL of coating buffer (NaHC03 0.45 M, Na2C03 0.02 M, pH 9.6) and left overnight at 4°C. The concentration was 67.5ng/well in 50 microliters.

After a washing step with PBS-Tween 0.01%, wells were blocked with PBS-BSA 4% for 2 hours at room temperature (RT). Fifty microliters of sera (1:100 dilution) in PBS-BSA 4% was added to the wells and incubated for 1 hour at 37°C. After another washing cycle, wells were incubated with alkaline phosphatase conjugated anti-human IgG antibody (A-1543, Anti-human IgG [whole molecule] alkaline phosphatase conjugate, Sigma) (1:5000 dilution) in PBS-BSA 4%, for 1 hour at RT then sample wells were developed with p-nitrophenyl phosphate substrate (Sigma) for 45 minutes at RT. The absorbance was recorded at 405nm.

SDS-PAGE and Western blot analysis of Ph. papatasi SGH was performed as previously described (17). Briefly, SDS-PAGE was performed by electrophoresis of SGH equivalent to 10 pairs of Ph. papatasi (13.5 ug of protein) per Tris-Glycine gel (4-20%, 1.0 mm 2D well) (Invitrogen). The gel was transferred to a nitrocellulose membrane and blocked overnight with blocking buffer (TBS-Tween 0.05%-nonfat dry milk 5%), then incubated with each individual post-deployment serum (1:500 dilution) in blocking buffer for 3 hours at RT. After washes with TBS-Tween 0.05%, we incubated the membrane with 1:2000 dilution of alkaline phosphatase conjugated anti-human IgG antibody (A-1543, Anti-human IgG [whole molecule] alkaline phosphatase conjugate, Sigma) in blocking buffer for 45 minutes at RT. Bands were visualized by adding alkaline-phosphatase substrate (Promega). Analysis of digitalized membrane images allowed the identification of the reactive salivary proteins and their estimated molecular weights. The molecular weight used was SeeBlue™ Plus2 Pre-Stained Standard (Invitrogen) and the software was the Kodak 1D Image Analysis Software (Kodak) as part of the Kodak Electrophoresis Documentation and Analysis System 290.



Statistical Analysis

The primary outcome, mean change of optical density (MCOD), was calculated as the post deployment optical density minus the pre deployment optical density. This outcome was used in all statistical analyses in order to take into account the individual’s baseline value. In a clinical setting, it is most likely that only the post exposure optical density would be available, and the descriptive figures present this actual post deployment OD.

To explore the diagnostic accuracy of the post deployment OD, the 95th percentile value for controls was used as a cutoff: values greater than this threshold indicated disease and values lower than or equal to the threshold indicated no disease. The false positive rate was defined as the proportion of controls with values above the threshold, and the true positive rate was defined as the proportion of cases with values above the threshold.

Normality was examined using the Wilk-Shapiro test, and ordinal or continuous data which were not normally distributed were presented as medians with ranges. Groups were compared using the Wilcoxon rank sum test or Kruskal Wallis analysis of variance, while pre to post changes were examined using the Wilcoxon signed ranks test. The association of MCOD with continuous or ordinal data was described using Spearman’s rank correlation coefficient (rs).

Comparison of the IgG to recognized salivary proteins in cases and controls was examined using conditional logistic regression (procedure ‘clogit’ in STATA). Multivariate analysis comparing MCOD between cases and controls was examined using the same methodology; date of enrollment was also included as an independent variable in this model. Results from the conditional logistic regression analyses were presented using odds ratios (OR) together with 95% confidence intervals (95% CI). The association of the recognized salivary proteins was described using the kappa statistic (κ),

Factors associated with the total lesion area (summed areas of all lesions) were explored using linear regression analysis, using the natural log of the total lesion area as the dependent variable. Univariate comparisons between lesion area and each of the molecular weight antigens, MCOD, age, race, and date enrolled were initially examined, and variables with an association of p<0.20 were entered in the multivariate analysis. For each independent variable in the final model, standardized beta coefficients (β) are presented.

Data were described and analyzed using IBM SPSS Statistics for Windows (v 20.0, Armonk, NY: IBM Corp.). STATA (v.12, College Station, TX: StataCorp LP.), procedure ‘clogit’, was used only for the conditional logistic regression models described above.




Results


Study Population

The study population characteristics are described in Table 1, comprising a mainly young (median age 25.6 years in the CL and 26.1 years in the control group), predominantly White male cohort. As previously published (27), there were two areas in Iraq where CL was mostly acquired by this military population, Diyala and Ninewa governorates (specifically Tal Afar). Consistent with entry requirements for military service, these were healthy soldiers. The matched control soldier group had serum obtained a median of 2.5 months later than the cases who were returned to the U.S. for treatment prior to the end of their combat deployment. Post-deployment serum IgE levels were similar between CL cases and controls (Supplemental Figure 1). There was no leishmaniasis risk factor or clinical information available for the matched de-identified control group; among those with cutaneous leishmaniasis (CL) the median onset of skin lesions was six months after arrival in Iraq, the median duration of CL was 3 months (range 1-8), 60% had ulcerative disease, and the median number of skin lesions was four (range 1-32).


Table 1 | Demographic characteristics of the study population.



The risk factor survey (CL cases only) showed multiple opportunities for exposure to sand fly bites. Half responded that they mainly slept outdoors, 20% inside a tent, and 23% in buildings. Of note, 45% of study respondents noted difficult or impossible accessibility to a military insect repellent during deployment and 25% responded that they didn’t use repellent because it was unavailable. Of those that used repellents, 54% reported using military issue DEET and 43% a commercially purchased repellent, and 65% limited the application of repellent to exposed skin.



Antibody Response to Sand Fly Salivary Proteins

Results of measurement of human serum antibodies to Ph. papatasi saliva are reported as optical density read at 405nm. The outcome variable of interest, the mean change of optical density pre–post Iraq deployment (MCOD), for cutaneous L. major infection cases and uninfected controls was 0.296 (range -.0.138 to 2.057) and 0.151 (range -0.454 to 1.085) p<0.001 respectively (Supplemental Figure 2). MCOD and post-deployment OD were highly correlated in both controls (rs=0.91, p<0.001) and cases (rs=0.98, p<0.001). Figure 2A provides OD405nm for CL versus control samples at pre-, post-deployment and (for CL only) late timepoints.




Figure 2 | (A) Human antibody responses to Ph. papatasi salivary gland homogenate before and after deployment to Iraq. 248 sera from matched CL cases and deployed controls (2003-2004, first Iraq deployment cycle) were evaluated for IgG response to Ph. papatasi salivary gland homogenate by ELISA both before travel to Iraq (pre) and with the diagnosis of cutaneous leishmaniasis (CL, cases) or after re-deployment to the U.S (controls, deployed no CL). Additionally for those with CL, late (6-24 months) available banked sera, obtained after return to U.S., was analyzed to assess durability. (B) Mean post-deployment serum antibody levels to Ph. papatasi salivary gland homogenate: case versus control by month of blood draw. Month of obtained blood sample is shown in 189 people who arrived in Iraq February-April 2003 (pre-transmission season). CL “post” blood is drawn at the time of CL treatment and control “post” sera is obtained once the soldier rotated back to the U.S. Symbols: ○ is considered a potential outlier, the value being more than 1.5 but less than 3 interquartile range (IQR) above quartile 3, * is an extreme outlier, a value more than 3 above quartile 3.




Anti-Ph. papatasi Saliva IgG Increased in Iraq-Deployed Cases and Controls

Figure 2A demonstrates that the post-deployment sera show higher levels of antibody to sand fly saliva than the pre-deployment sera in both cases (p<0.001) and controls (p<0.001), though post-deployment levels are higher in the CL cases than controls (p<0.001), and that levels of antibody to Ph. papatasi saliva in a subset of 134 CL cases decreases within 6-24 months after return to the U.S.(p<0.001), an area not endemic for Ph. papatasi. From this data, we can define a cut-off value to identify people with Ph. papatasi saliva exposure in the near term. The 95th percentile upper limit for the OD405 in the 248 post-deployment control sera was 0.66: this cut off with an odds ratio of 9.7 (95% CI 5.0-18.8) yields a false positive rate of 4.4% and true positive rate of 31.0% for a case versus control predictive antibody response. The 95th percentile upper limit for the OD405 in the pre-deployment sera was 0.19 for the controls and for the cases.



Kinetics of anti-Ph. papatasi Saliva IgG Levels in Iraq-Deployed Cases and Controls

We limited our data set to the 189 soldiers arriving in Iraq during the pretransmission season (February through April) and we compared case versus control post-deployment antibody response by month of blood collection (Figure 2B). While case sera antibody levels dropped with time (rs= -0.31, p<0.001), the control sera antibody levels were lower and generally constant over the time period studied (rs=0.09, p=0.157). Case sera antibody levels were not significantly correlated with the length of the time period between arrival and enrollment (rs=-0.09, p=0.155).



Anti-Ph. papatasi Saliva IgG Levels Are Short-Lived

The distribution of reported CL lesion onset by month is consistent with an estimated 1-2 month incubation period after sand fly inoculation (Figure 3A). The arrival date in Iraq included 10% in February, 45% in March, 23% in April, and 9% in May 2003. The kinetic decline of antibody to sand fly salivary homogenate was explored in the 134 cases where late (6-24 month post-deployment) sera was available (Figure 3B). Estimating that sand fly transmission peaks in late summer (28), this figure shows a decline in serum antibody over time of blood collection after the transmission season (rs= -0.28, p<0.001) with low levels by 7-8 months.




Figure 3 | (A) Reported month of lesion onset among CL cases. As Ph. papatasi biting is seasonal in Iraq, vector salivary antibody responses can be interpreted in this context. On average, post sera in CL group was obtained 3.7 months after the lesion onset. The arrow represents the time most units arrived in Iraq during 2003. (B) Kinetics of antibody recognizing Ph. papatasi salivary antigens in 134 CL cases with serial blood samples. Subset of 134 CL where availability of banked sera at pre, post and late timepoints permitted assessment over time. Symbols: ○ is considered a potential outlier, the value being more than 1.5 but less than 3 interquartile range (IQR) above quartile 3, * is an extreme outlier, a value more than 3 above quartile 3.





Assessment of IgG MCOD, Demographic and Clinical Factors Among CL Cases

As seen in Supplemental Figure 2, a higher MCOD was associated with CL, p<0.001. Among CL cases, there was no statistically significant influence of length of potential exposure in Iraq or serum IgE levels on the MCOD but there was a modest effect of higher age associated with lower MCOD (rs=-0.13, p=0.04), and White race was associated with a higher MCOD compared to other race/ethnicity groups (p=0.032). Supplemental Table 1 shows the association of MCOD with some demographic and clinical factors in case versus control groups. In a conditional logistic regression model, MCOD was significantly different between groups (OR = 12.5, 95% CI: 5.8 to 26.9, p<0.001). Further, despite controlling for the observed effect of proximity of time of blood draw to transmission season in the conditional logistic regression model, the antibody responses among cases were still higher than controls (OR = 4.3, 95% CI: 1.3 to 14.5, p=0.019) and the observed effect of time of enrollment (MCOD decreasing over time) was significant (OR = 0.2, 95% CI: 0.1 to 0.3, p<0.001). Age was not significant in the model (OR=1.0, 95% CI: 0.9 to 1.0, p=0.897).

Clinical features among cases were explored to determine any association between IgG antibodies to saliva of Ph. papatasi, the vector of L. major in Iraq, and CL in this cohort. There was no statistically significant association of MCOD on the number, maximal size, ulceration, duration, or total area of CL skin lesions. It is noted that the serum was acquired at the time of enrollment into a CL treatment protocol and not prior to diagnosis, with the median time from reported onset to enrollment of 3.7 months.



Association of Use of Personal Protective Measures and MCOD in CL Cases

Correlating MCOD to information provided by the CL cases in the leishmaniasis risk factor survey shows some consistent patterns (Table 2). The MCOD was higher in those reporting use of any repellent (median MCOD: 0.343 vs. 0.168, p=0.029) as well as those using repellent at night (0.397 vs. -0.159, p=0.003). However, the MCOD was not significantly influenced when evaluated for the frequency of applying repellent once, twice, thrice, four times or more per day (rs=0.03, p=0.72), or when related to the recall of the frequency of insect bites per day (infrequent 0-49/day, frequent 50-99 bites/day, very frequent >100 times/day) (rs=0.11, p=0.095). The association of repellent and MCOD is still significant when examined using multivariate model to control for date of enrollment and age. Treating uniforms with permethrin (0.435 vs 0.263, p= 0.103), or using permethrin treated bednets (0.487 vs. 0.268, p=0.060) was not associated with MCOD and was not commonly done. Sleeping in the combat uniform (0.433 vs. 0.244, p=0.027) was associated with greater MCOD (Table 2); notably only 42 cases reported using permethrin treated uniforms.


Table 2 | Cases only: Association of preventative measures and exposure with change in antibody levels against sand fly salivary gland homogenate.






Sand Fly Salivary Antigens Recognized by Human Anti-Ph. papatasi Saliva Antibodies

Sand fly saliva is a complex antigenic/immunogenic substance. The molecular weights of the most abundant sand fly salivary proteins from the CL vector Ph. papatasi have been previously identified (14, 17, 29). We compared human serologic IgG responses to antigens in Ph. papatasi salivary gland homogenate using Western blot analysis in a stratified randomly selected subset of 101 cases and 69 controls (see Materials and Methods, Supplementary Material). This difference in sample size between case and control sera assayed with Western blotting is because the MCOD is not normally distributed in both cases and controls with most high MCODs found in the cases (see Supplemental Figure 2).


Ph. papatasi Salivary Antigens Recognized by CL and Control Sera

In almost all cases, in this stratified randomly-selected subcohort, the frequency of recognized salivary antigens was higher in sera from people with CL as compared to control sera. Table 3 shows that the most frequently recognized sand fly salivary proteins were MW30 and MW64 in both case and control sera. Other SGH antigens recognized were MW12/14, 15, 18, 28, 32, 36, 42, 44, 46, 52 and several “non-traditional” salivary proteins (see Supplemental Table 2). Controlling for the MCOD, recognition of MW32 correlated more often with control than case sera (odds ratio 4.1, 95% CI 1.4 to11.7). Except for MW32, all salivary proteins had a statistically significant correlation with higher MCOD. Logistic regression analysis found that MW15, 28 and 42 were associated with the largest effect on case versus control MCOD differences in this cohort. There were pairs of salivary proteins that were generally recognized together by Western blot; MW30 and 64 (κ=0.72, p<0.001), MW44 and 46 (κ=0.78, p<0.001). Lower antibody levels were associated with older participants for MW30 (median age [range] with protein absent versus present: (26.7 years [20.2 to 56.9 years] versus 25.5 years [19.8 to 52.6], p=0.050), MW42 (26.6 [20.2 to 56.9] versus 24.5 [19.8 to 52.6], p=0.043) and MW46 (26.5[20.4 to 56.9] versus 23.4 [19.8 to 37.6], p=0.007).


Table 3 | Comparison of Ph. papatasi salivary antigens recognized in sera of CL case versus deployed control group.





Recognition of Salivary Antigens in CL Cases and Clinical Correlation

Restricting analysis to the CL cases with Western blot data, we found that absence of a response to MW36 and 46 correlated with longer duration of CL (specifically time from lesion onset to enrollment). Total lesion area, used as a proxy for more severe disease, was associated with MW32 (n=9), as was larger maximum area. MW32 antibody was more likely present in Asian, African-American, and Hispanic CL cases as compared to White (p=0.033). Ulceration was seen if MW15 or 30 were negative (p=0.04, 0.009 respectively). Multivariate analysis found increasing age (β=0.28, p =0.003), later date of enrollment (β=0.21, p=0.026), absence of MW44 (β=-0.22, p=0.021), and presence of MW32 (β=0.33, p=0.001) were associated with larger total lesion area (more severity). Among the analysis of vector risk factors MW36 was reported in those with the highest category of biting exposure, >100 bites/day. No other statistically significant associations were noted with all vector salivary proteins and IgE serum level, other clinical parameters, or personal protective measures collected from the risk factor survey.





Discussion

The investigation of human immune response to bites of sand flies demonstrated that both humoral and cellular systemic immunity develops (9, 10, 12, 18, 30–33). The IgG antibody subtype most associated with this human serologic response was IgG4 and no correlation with specific IgE was found (11). Here we report the kinetics, frequency, duration of-, and the Ph. papatasi saliva antigens recognized by- anti-Ph. papatasi IgG antibodies in a cohort of 496 deployed U.S. military members (coming from a nonendemic region) who traveled to Iraq. We evaluate these vector saliva antibody responses in the context of cutaneous leishmaniasis (due to L. major) clinical presentation (among 248 cases) and personal protection measures utilized. Uniquely, our research was supported by the resource of longitudinally available, matched, banked sera for each participant prior to travel (34) as well as sera from after return to the nonendemic U.S. This permitted each person to serve as their own control, which we present as mean change in optical density pre-exposure to post (CL diagnosis [cases] or return to U.S. [matched deployed controls without CL]).

Our results show that the level of antibody to Ph. papatasi salivary gland homogenate was significantly higher in exposed (traveled to Iraq) participants as compared to pre-deployment. This finding is consistent with reports that antibody to Ph. papatasi salivary proteins may serve as a biomarker for exposure to vector (10, 11, 13, 35, 36). Antibody to Ph. papatasi salivary gland homogenate was also significantly higher in those with parasitologically confirmed L. major cutaneous infection (case, Figure 2A) versus no CL diagnosis suggesting that it also serves as a biomarker for the risk of acquiring leishmaniasis. This finding supports other reports of this observation (10, 11, 13, 35, 37).

Some slight cross reactivity between human anti-Ph. sergenti and Ph. papatasi SGH responses was reported previously (10). In mice (36), Drahota et al. found that blood from mice bitten by Ph. sergenti tested positively using Ph. papatasi SGH, although with lower levels than Ph. sergenti (38). We did not test this in our cohort, but given that 98% human CL in American soldiers deployed to Iraq was caused by L. major and in sand fly surveillance at Talil Air Base in southern Iraq, 1% captured female sand files were Ph. sergenti versus 24% were Ph. papatasi (4) we assess that contact with Ph. sergenti was not high in this reported cohort. In the U.S. there are Lutzomyia species, especially across the southern regions where many large military bases are located. We conjecture that the small elevations of anti-Ph. papatasi saliva antibody seen in the pre-deployment samples might reflect some cross reactivity to Lutzomyia species. Alternatively, a sand fly unrelated antigen may have elicited a response in pre-deployment sera that coincidentally cross reacted with Ph. papatasi saliva. In the control samples, we had very limited information in terms of prior travel to leishmaniasis endemic areas (only that they never deployed [versus traveled] there during military service) since these de-identified sera were provided from the serum repository.

Our data also reveal that among those with CL, levels of antibody to Ph. papatasi salivary gland homogenate decreased significantly by 6-24 months after return from Iraq to nonendemic U.S. This feature (short duration IgG response) potentiates the value of anti-SGH as a biomarker of seasonal vector exposure. There is limited data available about the durability of the humoral immune responses to Ph. papatasi as most work has been cross sectional prevalence studies or follow up during sand fly season. In a pediatric cohort in endemic Tunisia followed over two L. major transmission seasons, only 3/200 children remained Ph. papatasi saliva antibody negative after transmission season in October (11), whereas among people exposed to vectors of visceral leishmaniasis, Ph. argentipes and Ph. kandelakii IgG to vector salivary proteins waned between exposure seasons (31, 39). Human antibodies to Ph. sergenti saliva waned between October-March in Iran (32). In this study, a multivariable analysis found that in addition to CL, White race was associated with higher levels of Ph. papatasi anti-SGH IgG and older age was associated with modestly lower levels. We speculate that older age may be confounded by less outside exposure at night as age correlates with advanced military rank/leadership positions. Additionally, we have consistently observed that White race is over-represented for risk of cutaneous leishmaniasis in the U.S. military (27, 40, 41). Given prior murine and non-human primate data (15–17, 30, 31) showing that pre-exposure immune responses to uninfected sand fly saliva may mitigate the severity of subsequent clinical leishmaniasis, we explored clinical factors but found no statistically significant association of MCOD on number, maximal size, ulceration, or duration of skin lesion. Among CL cases there was no influence of length of potential exposure (time in Iraq), sex or IgE levels on MCOD.

An interesting observation in our study was that higher levels of antibody to Ph. papatasi saliva were found in soldiers reporting any use of insect repellent or using repellent at night, although there was no association with reported frequency of repellent application or recalled frequency of bites per day. This higher level of antibody to vector saliva associated with reported use of personal protection measures may suggest that those experiencing more bites were more likely to use repellent. Other considerations include inconsistent use of repellent in the combat environment, repellent wasn’t applied to all exposed areas, repellent may have degraded in the heat, or sand flies were resistant to DEET. Additionally, due to limited available military brand repellent, service members may have been using aerosol DEET or less active preparations sent from home and not applying it frequently enough or completely. Lastly, self reporting by soldiers with vector borne infection (CL) might over-report proper use of repellent due to perceived risk of repercussion if they did not follow military personal protective measure procedures.

Specific Ph. papatasi salivary proteins have been associated with human immunodominant serological responses (10–13, 35, 36, 42). PpSP32, a 30 kDa molecular weight protein similar to a silk-related protein from Nephila calvipes but exclusive to sand flies (14), has consistently been identified as the most prominent IgG response to Ph. papatasi saliva in humans (10–13, 35, 36, 42). The most frequently recognized antigenic salivary proteins in our study were MW30 and MW64. MW30 had a 2.5 odds ratio noted in L. major CL cases compared to controls. MW30 (presumably PpSP32) was recognized in 42% Iraq-deployed controls and 64.4% CL cases. PpSP32 has been reported as an immunodominant response in humans exposed to Ph. papatasi bites in Turkey, Tunisia, Jordan, Egypt and Saudi Arabia (10–13, 34, 36). Other SGH proteins recognized by human sera in this study were MW12/14, 15, 18, 28, 32, 36, 42, 44, 46, 52. Logistic regression analysis suggested that MW15, 28 and 42 had the largest effect on the case versus control MCOD differences, highlighting them as potential biomarkers for CL. A prior report of 40 U.S. soldiers who deployed to Iraq (23 CL, 17 described as “bitten”) found MW38 and 14 kDa (mass spectrometry suggesting the 14kDa protein was PpSP15, and the 38 kDa a salivary apyrase) to be immunodominant (13). The small number of participants in this sub-analysis (n=40) may have caused skewing of the results of U.S. soldiers as in this same report, people living in endemic Egypt and Jordan showed broader immunodominant antibody responses at MW12, 26, 30, 38, 44 kDa (13). Among sera from 114 Jordanian people, Western blots of Ph. papatasi SGH identified bands at MW14, 15, 28, 30, 32, 36, 42, 44, 46, 52, 64 kDa with the most immunodominant being PpSP28,32,36 (36). Presence of humoral immune responses to many vector salivary antigens inversely correlated with strong cell mediated immune responses (36). In the Ph. papatasi sialome, PpSP28 is the most abundant transcript (a D7 secreted protein, odorant binding protein) (14, 43, 44). Other proteins include salivary apyrase (PpSP36, 36 kDa) and yellow related proteins PpSP42, PpSP44 which have a biogenic amine-binding function (14, 44, 45). Small members of the odorant binding family, SP12, 14, 15 are similar to D7 proteins, perhaps ancestrally derived from them (14). The observation that some salivary proteins are reactive in pairs, may be due to the formation of complexes such as dimers, as we speculate for the recognition of MW30 and MW64, or to crossreactivity of protein homologues that are similar, as we postulate for the recognition of MW44 and MW46—both belonging to the yellow family of proteins.

Some interesting and novel clinically-associated findings from our analysis of specific salivary proteins in this cohort of Iraq-deployed soldiers were identified. These are relevant outcomes that are rarely assessed in studies of vector saliva humoral immunity. While the numbers of participants in both control and case arms are low, MW32 kDa antibody responses were more likely in the control group than the CL arm, albeit not statistically significant (p=0.066). This is intriguing and merits further study as to whether this antibody may have a protective role against L. major infection. Among those with L. major CL, absence of antibody to Ph. papatasi MW36 and MW46 was associated with a longer time from lesion onset to enrollment in study, possibly suggesting that these responses are early to wane. Counterintuitively, presence of MW32 kDa band was associated with our proxies for more severe CL, specifically larger maximum area (single lesion) and total lesion area (summed areas of all lesions). MW32 was also more likely recognized in people of color with CL compared to Whites (p=0.033). In our study, logistic regression identified absence of MW 44 and presence of MW32 antibody responses as associated with more severity (larger total lesion area). Ulcer presentation was associated with negative MW15 or MW30 (presumed PpSP32). In a Saudi Arabia cohort, higher levels of antibody to PpSP32 correlated with a nodular presentation of L. major (35). MW36 antibody was associated with those reporting more than 100 insect bites per day. Notably others have reported that PpSP44 triggered the highest amount of interferon gamma production after lymphocyte stimulation (46), and while cellular and humoral immune responses are often discordant for Ph. papatasi salivary proteins, it is interesting that absence of humoral response to MW44 (presumed PpSP44) in this study is associated with more CL disease burden. Lastly, PpSP44 and PpSP15 transcripts were shown to be upregulated in blood fed sand flies (wild populations, Iran) as well as during summer months and low in gravid flies (34). PpSP15 transcript was higher in uninfected sand flies compared to those with L. major (34). The highest protein levels (SGH) were noted in unfed sand flies and in the summer (35). Whether these characteristics might impact the type of human immune exposure to vector saliva in wild populations of sand flies in Iraq is only conjecture.

Our population of healthy, young men with little exposure to phlebotomine sand fly saliva previous to their deployment to a country of high CL risk (2) is generalizable to the North American adventure traveler but perhaps not to endemic populations in regions of greatest risk of CL. Our study used salivary gland homogenate and did not characterize the noted bands beyond MW, so they cannot be definitively linked to various salivary protein characterizations. There is the potential of skew in our data set for specific protein responses as we randomly selected populations based on strata of MCOD, but there were few high level MCOD in the control arms leading to less people in that group. This would have persisted if we had used all 496 available sera, as the number of control sera with OD >1 is very limited (two). The study design did not permit us to study cellular immune responses as banked cells and sufficient control participants (deployed but no CL) were not available for real time blood collection. The longer exposure period of the control population is not expected to meaningfully affect the results of our analysis; higher antibody levels in the control arm would only decrease the differential observations and the sand flies in Iraq were unlikely to be active transmitters in the winter/early spring that represented the additional time in country for the control group.

In summary, we successfully assessed the antigenic profiles after natural bite exposures to Ph. papatasi saliva among nearly 500 nonimmune American soldiers deployed to Iraq; 248 of whom had parasitologically confirmed L. major cutaneous infection. Using a case control study design, complemented by serial blood samples (so each participant could also be compared to their pre-deployment antibody levels) we were able to identify biomarkers for both vector exposure as well as CL infection. Relatively short duration of these antibody responses was demonstrated. Uniquely we were able to correlate sand fly exposure reported risk factors to levels of antibody to Ph. papatasi salivary proteins. In addition, we report some clinical associations with specific Ph. papatasi proteins such as clinical severity, ulcer development, and race/ethnicity. Further work should corroborate whether MW32 salivary protein antibody responses can be protective against L. major infection since this could have a role in prevention measures such as vaccination.
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Preventative Measure/Exposure n (%)

Permethrin treated uniform use 42 (16.9%)
Permethrin treated bed net use 15 (6.0%)
Wearing of uniform during sleep 80 (32.3%)
Repellent Use 202/246 (82.1%)

Repellent Use at Night 174 (70.2%)

Frequency of Repellent Application*
Once 117/208 (56.3%)
Twice 61/208 (29.3%)
Three or more 30/208 (14.4%)
Frequency of Insect Bites/Day
Unknown 21/230(9.1%)
Less frequent (0-49/day) 133/230 (57.8%)
Moderate (50-99/day) 40/230 (17.4%)
High (100 or more/day) 36/230 (15.7%)

Change from Pre to Post Serum OD median (range)

Measure Used

0.435 (-0.096 - 1.663)
0.487 (0.028 - 1.781)
0.433 (-0.043 - 2.057)
0.343 (:0.138 - 1.781)
0.397 (-0.138 - 1.781)

Median (range)

0.296 (-0.115 - 1.781)
0.342 (:0.138 - 1.663)
0.345 (-0.052 - 1.531)

0.237
0.264
0.328
0.540

-0.020 - 1.781)
-0.104 - 1.663)
-0.115 - 1.547)
-0.096 - 2.057)

Measure Not Used

0.263 (-0.138 - 2.057)
0.268 (-0.138 - 2.057)
0.254 (-0.138 - 1.781)
0.168 (-0.096 - 2.057)
-0.159 (-0.096 - 2.057)

Correlation with Change in OD

rs=0.03

rs=0.11

P Value

0.10
0.06
0.027
0.029
0.003

0.72

0.095

Data presented as Median (range) or n (%);

*202 subjects reported using repellent while 208 provided frequency of use data.
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Recognized SF Salivary Antigens in Human Sera Control n (%) n =69 CL Case n (%) n =101 0Odds Ratio 95% CI P value

MW 64 37 (53.6) 68 (67.9) 1.8 0933 0.079
MW 46 10 (14.5) 24 (23.8) 1.8 0.8-4.1 0147
MW 44 8(11.6) 26 (25.7) 26 1.1-6.3 0.031
MW 42 19 (27.5) 43 (42.6) 20 1.0-3.8 0.052
MW 36 11 (15.9) 23(22.8) 1.6 0.7-34 0.33
MW 32 13(18.8) 9(8.9 0.4 0.2-1.1 0.066
MW 30 29 (42.0) 65 (64.4) 25 1.3-4.7 0.005
MW 28 10 (14.5) 40 (39.6) 3.9 1884 0.001
MW 15 5(7.2) 22 (21.8) 36 1.3-9.9 0.011
MW 12 458 20 (19.8) 4.0 1.2-12.3 0.013

n is number, SF is sand fly, MW is molecular weight, Cl is confidence interval.
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Age, yrs
Sex: Male
Race/Ethnicity:

White

Black

Hispanic

Other
Size of Lesion (maximal size, mm)
Number of Lesions
Duration of Lesion, mos
Total area of lesion, mm2
Ulcer present
Pre-Iraq Serum Date
Arrival in Iraq Date
Lesion Onset Date
Enroll/Post Iraq Serum Date*
Time in Iraq, mos
From Arrival to Lesion Onset
From Arrival to Enroliment

Cases (n = 248)

25.6 (18.6 — 56.6)
243 (98.0%)

178 (71.8%)

41 (16.5%)

26 (10.5%)
3(1.2%)

394 (9 - 6750)
4(1-32)
3(1-8)

777 (15-15128)
147/245 (60.0%)
Jan 03 (Aug 98-Sep 03)
Mar 03 (Jan 03-Oct 03)
Sep 03 (May 03-Jan 04)
Jan 04 (Oct 03-Mar 04)

6.0 (<1 -10.0)
9.4 (2.4 -12.6)

Controls (n = 248) P value
26.1(19.6 - 57.8) 0.19
Matched
Matched

Not applicable (N/A)

N/A
N/A
N/A
N/A

Jan 03 (Nov 97-Apr 03) 0.10

Unknown 2003

N/A

Mar 04 (Nov 03-Dec 04) < 0.001

N/A
Unknown

Data presented as Median (range) or n (%); Groups compared using the Wilcoxon rank sum test

Age is at time of blood draw. Other race includes mixed White/Asian, White/Hispanic. Duration of lesions was reported up to the time of study blood draw.
*For Cases this is the Date of Enrollment; for Controls this is Date of Post Serum.

NA, Not applicable.





