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Abstract: No licensed shigella vaccine is presently available globally. A double blinded, random-18 

ized, placebo controlled, age descending phase II clinical trial of a bivalent conjugate vaccine was 19 

studied in China. The vaccine ZF0901 consisted of O-specific polysaccharides purified and detoxi-20 

fied from lipopolysaccharide (LPS) of S. flexneri 2a and S. sonnei and covalently bond to tetanus 21 

toxoid. A total of 224, 310, and 434children, consented by parents or guardians, age 3 to 6, 6 to 12 22 

months and 1 to 5 years old respectively were injected with half or full doses, with or without ad-23 

juvant or control Hib vaccine. There were no serious adverse reactions in all recipients of ZF0901 24 

vaccine independently of age, dosage, number of injections or the adjuvant status. Thirty days 25 

after the last injection, ZF0901 induced robust immune response with significantly higher levels of 26 

type specific serum antibodies (geometric mean concentrations (GMCs) of IgG anti-LPS) against 27 

both serotypes in all age groups compared with pre-immune or the Hib control (p<0.0001).  Here 28 

we demonstrated that ZF0901 bivalent shigella conjugate vaccine is safe and immunogenic in in-29 

fants and young children and suitable for routine immunization.  30 

Keywords: shigella conjugate vaccine; bivalent; safety and immunogenicity; clinical trial; infants 31 

and young children  32 

 33 

1. Introduction 34 

Shigellosis remains to be a common, serious, and increasingly difficult to treat dis-35 

ease, especially because of the emergence of antibiotic resistant strains [1-4]. For exam-36 

ple, a survey in 2016 showed that there were estimated more than 269 million cases of 37 

shigellosis with over 212,000 deaths, of which about 74 million cases of shigellosis were 38 

in children younger than 5 years old and caused more than 63,000 deaths [5]. In main-39 

land China, the annual morbidity of bacillary dysentery ranked in the top five of 39 no-40 

tifiable infectious diseases according to the Chinese Center for Disease Control and Pre-41 

vention (CDC) [6-8]. Although the incidence rate of bacillary dysentery has declined 42 

markedly due to the improvement of sanitation and hygiene, there were over 80,000 43 

dysentery cases in China in the year 2020 [9]. Similar to the global trend, in China the 44 

highest incidence of Shigellosis were among children under 5 years old and the preva-45 

lent serotypes were S. flexneri and S. sonnei. Vaccine research against shigella has been 46 
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under development for several decades; unfortunately, there is so far no licensed vac-47 

cine available [10-13].  48 

Shigella is a rod-shaped, Gram-negative pathogen. There are four species of Shigel-49 

la commonly isolated from patients with shigellosis; among them S. flexneri and S. sonnei 50 

are predominant [14-16]. In Africa and Asia, S. flexneri and S. sonnei are responsible for 51 

around 90% of shigellosis according [17]. S. flexneri 2a is the most prominent serotype 52 

among S. flexneri and its conjugate induces type 2a and cross-reactive other S flexneri 53 

serotypes including S. flexneri 6 [17,18]. We reason that a novel bivalent vaccine contain-54 

ing both S. flexneri 2a and S. sonnei could offer broad protection against most common 55 

pathogenic shigella serotypes. 56 

The LPS of Shigella spp. is a virulence factor and its O-polysaccharide component 57 

（named O-antigen）serves as one of the promising protective antigen. Several shigella 58 

conjugate vaccines based on O-antigen have been evaluated in clinical trials [13]. For in-59 

stance, an investigational vaccine against S. sonnei showed 74% protection in young 60 

adults [19], similarly, the vaccines against S. flexneri 2a serotype showed safety and im-61 

munogenicity in different age groups [20,21]. Up till present, most shigella conjugate 62 

vaccine candidates consist of a single serotype. 63 

There are advantages of using O-antigens extracted from bacteria. The purification 64 

involved minimum physical-chemical processing and was likely to retain the native 65 

carbohydrate structures, in particular, the non-reducing end sugars. In Gram negative 66 

organisms, the immunodominant epitopes are located at the non-reducing end, this fact 67 

is best demonstrated in Vibrio Cholerae where the methylation of the non-reducing end 68 

is the serotyping marker that distinguishes Ogawa from Inaba serotypes [22]. 69 

The polysaccharide vaccines are known for their non-interference character be-70 

tween serotypes when combined as a multivalent vaccine; as demonstrated in the re-71 

cently licensed pneumococcal 20-valent PCV20 [23]. Here, for the first time, an O-SP 72 

based bivalent conjugate vaccine, S.flexnera 2a-TT and S. sonnei-TT, also showed to elic-73 

it robust antibody levels to both serotypes. However, there are pro and cons of using TT 74 

as the carrier protein. TT is known to be safe in infants and shown to be an excellent car-75 

rier. However, with the increasing number of conjugate vaccines using it as carrier, there 76 

is a concern that children could be inadvertently over dosed with TT. To address this 77 

problem, currently there are other potential carrier candidates; such as the newly li-78 

censed Meningococcal B outer membrane protein FHbp, or the under developed capsid 79 

protein VP8 from another major childhood diarrhea disease [24,25]. 80 

Previously we conducted a preliminary Phase I study of a bivalent S. flexneri 2a and 81 

S. sonnei vaccine (ZF0901), consisted of O-antigens covalently bound to tetanus toxoid 82 

(TT), in an age descending order from adults to infants 3 months old (Clinicaltrials.gov 83 

identifier: NCT03561181) (unpublished). This safety screening was a prerequisite for 84 

subsequent clinical trials following the Chinese National Medical Product Administra-85 

tion (NMPA) guidelines. The results demonstrated that ZF0901 was safe in all studied 86 

age groups and further investigation was subsequently granted. 87 

Here we present a phase II safety and immunogenicity study of a bivalent Shigella 88 

conjugate vaccine ZF0910 in children 3 months to 5 years old. The vaccine was adminis-89 

tered more than 7 days apart from any routine vaccination in infants and toddlers. The 90 

effect of adjuvant and dosage (full or half dose) were also investigated. 91 

2. Materials and Methods 92 

The Investigational New Drug and One-time Certification for Clinical Investigation 93 

were approved by NMPA (No. 2015L00057 and No.2018Y36); the study protocol and in-94 

formed consent were approved by the Medical Ethics Committee of Guangxi (No. 95 

GXIRB2018-0017). Written informed consent was obtained from parents or guardians of 96 

vaccinees before screening. The trial was registered at Clinicaltrials.gov (Identifier: 97 

NCT04865497). This study was undertaken in accordance with the standards of the In-98 
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ternational Conference on Harmonization guidelines on Good Clinical Practices 99 

(ICHGCP), and followed the ethical principles established in the Declaration of Helsinki. 100 

2.1. Study design and participants Clinical Protocol   101 

The present phase II clinical trial is double-blinded, randomized and place-102 

bo-controlled study in children age 3 months to 5 years old in a single geographic region. 103 

The randomization was generated with SAS (SAS 9.4) on blind bases. The site of the 104 

study was at Yongfu County, Guangxi Zhuang Autonomous Region in the Southwestern 105 

part of China, approximately 330 Km from the regional capital Nanning. It is an agri-106 

culture-based community, population 280,000 with birthrate approximately 1.3% per 107 

year. 108 

All potential participants must meet all of the following inclusion criteria to be eli-109 

gible for enrollment into the study. Healthy children 3 months to 5 years of age whose 110 

parents or legal guardians were willing and competent to provide signed and dated 111 

written informed consent after been informed of all pertinent aspects of the study. Key 112 

exclusion criteria were children with known allergic reaction to tetanus toxoid or had a 113 

history of severe adverse reaction associated with a vaccine and/or severe allergic reac-114 

tion (e.g., anaphylaxis) to any component of the study vaccine. Participating in other 115 

studies during investigation period was also excluded. Children with immunodeficiency 116 

disease, or administered with immunosuppressive agents, with serious chronic disorder, 117 

had history of craniocerebral trauma, encephalopathy and psychosis, or any other dis-118 

order that, in the investigator’s opinion, were excluded from participating in the study.  119 

 Criteria for temporary delay of vaccine administration including febrile illness (ax-120 

illary temperature 38C within three days) or other acute illness within 48 hours before 121 

investigational product administration. Children with diarrhea or bloody stool within 122 

three days were also temporarily disqualified.  123 

Children recruited were divided into three age groups: 3 to 6 months, 6 to 12 124 

months, and 1 to 5 years old and further randomly divided into 12 subgroups of differ-125 

ent vaccine dosage, formulation or number of injections. In cohort 1, 250 young infants, 126 

aged 3 to 6 months old, were randomly assigned (2:2:1) to receive half or full dose of the 127 

trial vaccine or Hib vaccine as placebo. Each child received three intramuscular (IM) in-128 

jections on day 0, 30 and 60. In cohort 2, 350 infants, age 6 to 12 months old, were ran-129 

domly assigned (2:2:2:1) to receive half or full dose vaccine, full dose vaccine without 130 

adjuvant or Hib vaccine as placebo. Each child received two injections on day 0 and 30. 131 

In cohort 3, 350 toddlers, age 1 to 5 years old, were randomly assigned (2:2:2:1) to receive 132 

one injection of half or full dose, full dose vaccine without adjuvant, or Hib vaccine as 133 

placebo. In order to evaluate the effect of additional injection in toddlers, a separate co-134 

hort with 100 children in this age group were also recruited to receive two injections of 135 

full dose on days 0 and 30. 136 

Administration of vaccines and blood sample collection were performed at the in-137 

vestigation site by appropriately qualified, Good Clinical Practice (GCP)-trained, and 138 

vaccine-experienced member of designated study staffs (e.g., physician, nurse, physi-139 

cian’s assistant, nurse practitioner, pharmacist, or medical assistant) as allowed by local, 140 

state, and institutional guideline. Investigational product administration details were 141 

recorded on the case report form (CRF).  142 

Before vaccination, children were examined by the health staff and their axillary 143 

temperatures measured. Those without signs of infection and who had a normal tem-144 

perature received a single dose (0.5 mL) of the study vaccine administered intramuscu-145 

larly into the deltoid muscle. The vaccinees were under observation in site for at least 30 146 

minutes after injection and body temperature taken prior to returning home. 147 

Blood samples were collected before the first and 30 days after the last injection via 148 

venipuncture.  149 

2.2. Vaccine 150 
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The investigational vaccine ZF0901 was developed by Beijing Zhifei Lvzhu Bio-151 

pharmaceutical Co., Ltd (Beijing, China) and manufactured in accordance with the cur-152 

rent Good Manufacture Practices. ZF0901 consisted of the O-SP, purified from LPS of S. 153 

flexneri 2a or S. sonnei, which was covalently bound to TT through a linker adipic acid 154 

dihydrazide to form conjugates. The residual endotoxin content in the final product was 155 

lower than 10EU/µg polysaccharide, which met the requirements of the product ap-156 

proved by NMPA. The injection volume was 0.5 mL and each full dose contained 10 µg 157 

of S. Sonnei O-SP, 10 µg of S. Flexneri 2a O-SP and 50 µg of TT. Those adsorbed on alu-158 

minum phosphate as adjuvant contained 0·4 mg Al3+/mL. For half dose study, each vial 159 

contained 5 µg of S. Sonnei O-SP, 5 µg of S. Flexneri 2a O-SP and 25 µg of TT.   160 

Control vaccine injected in the placebo group, Hib-TT, was a licensed commercial 161 

product (Beijing Zhifei Lvzhu Biopharmaceutical; lot 201806001) containing 10 µg of Hib 162 

capsular polysaccharide (CP) conjugated to 24 µg of TT. Both the investigational vaccine 163 

and the placebo were packed in single-dose prefilled syringes, labeled according to 164 

study requirement with individual tracking bar codes for blinding. The vaccines were 165 

stored at 2-8℃ with temperature continuous-monitoring systems.  166 

2.3. Randomization and Blinding 167 

For randomization statistician from an independent company used SAS software 168 

(SAS 9.4) to generate randomized blind base for three age groups. Among them, 3 to 6 169 

months old subjects were randomly assigned to three groups according to the ratio of 170 

2:2:1; 6 to 12 months old subjects were randomly assigned to four groups according to 171 

the ratio of 2:2:2:1; 1 to 5 years old subjects were assigned to five groups according to the 172 

ratio of 2:2:2:2:1. Investigators at trial site assigned study numbers of each age group 173 

strictly according to the order of screening sequence of eligible subjects. 174 

Parents, guardians, participants, study coordinators, study related personnel, trial 175 

investigators and the sponsor were masked to the trial-group assignments. The statisti-176 

cians responsible for randomization were not allowed to participate in other related 177 

work of these clinical trials or to disclose the blind code to any personnel participating in 178 

this clinical trial. Each prefilled syringes contained a unique code that ensured appro-179 

priate masking. 180 

The unblinding was conducted after completion of serological assays by primary 181 

investigator at the presence of National Institutes for Food and Drug Control and Center 182 

of Disease Control, Guangxi. 183 

2.4. Outcomes 184 

2.4.1. Assessment of Safety 185 

We assessed the safety endpoints in the study population, which included all par-186 

ticipants who received at least one dose of vaccination.  187 

Participants were observed at the site for at least 30 minutes after each injection. 188 

Guardians of participants, using a paper based memory aid, kept daily record of local 189 

and systemic adverse events 30 days following each injection, and up to 6 months for 190 

any serious adverse events. Any serious adverse reaction occurred during the 6 months 191 

after the last injection should all be reported to the local drug administration, the ethics 192 

committee, the sponsor, and the clinical trial responsible party. Laboratory personnel 193 

directly conducting the safety compilation will remain blinded until the last subject 194 

completed the 6-month visit. 195 

 196 

2.4.2. Assessment of Immunogenicity 197 

We assessed immunogenic endpoints in the per-protocol population, which in-198 

cluded all participants who completed their assigned vaccination schedules and with 199 

available antibody results. 200 
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Blood samples were collected before and 30 days post last vaccination. Sera were 201 

separated immediately and stored at -20℃ until assayed. The specific concentrations of 202 

IgG antibody against S. sonnei and S. flexneri 2a LPS were measured by ELISA at the Na-203 

tional Institutes for Food and Drug Control, Beijing, China. Reference sera were pooled 204 

from adult donors with high levels of anti-LPS IgG and assigned to contain 100 ELISA 205 

units (EU) anti-LPS IgG per milliliter. Antibody concentrations were expressed in EU 206 

compared with the reference sera. We calculated GMCs and corresponding 95% CIs on 207 

the basis of standard normal distribution of the antibody concentrations. The minimum 208 

detectable level is 0.01 EU for S. flexneri 2a, 0.01 EU for S. sonnei. If the comparison 209 

among groups showed significant difference, we then did pairwise comparisons. Hy-210 

pothesis testing was two-sided and we considered P values of less than 0.05 to be signif-211 

icant. Seroconversion rate was defined as greater than 4-fold rises. Laboratory personnel 212 

directly conducting the immunogenicity assays remain blinded throughout sample as-213 

say and data analysis. Unblinded immunogenicity data were analyzed at completion of 214 

the last blood sample. The analyses were descriptive and informed to all participating 215 

parties for internal program development decisions and potentially support regulatory 216 

interactions.  217 

 218 

2.4.3. Statistical Analysis 219 

The immunogenicity against S. sonnei and S. flexneri 2a was evaluated respectively 220 

according to the anti-LPS IgG levels. In each study group, the serological conversion rate 221 

(≥4 fold increase) was calculated individually. The two-sided 95% confidence interval 222 

was calculated by using Clopper-Pearson method. The chi-square test or Fisher's exact 223 

probability tests was used to test differences between the groups. If there were statistical 224 

differences between the groups, further statistical analysis would be done. Geometric 225 

mean and two-sided 95% confidence interval were used to describe the GMC of antigen 226 

specific IgG antibody after immunization and its growth multiple compared with that 227 

before immunization. Analysis of variance after logarithmic transformation was used to 228 

test the difference between the two groups. 229 

Medical Dictionary for Regulatory Activities (MedDRA) as a multi-axial, five-tiered 230 

hierarchical terminology was used for medical coding of adverse events and serious ad-231 

verse events. The number and incidence of all adverse events, adverse events related or 232 

not related to the vaccine in each group were calculated respectively. Fisher exact prob-233 

ability test was used to compare the differences between the groups. The severity, time 234 

distribution and dose distribution of adverse events and the relationship with the study 235 

vaccine were described statistically. The adverse events after each dose were statistically 236 

analyzed.  237 

 238 

3. Results 239 

3.1. Study Participants 240 

A total of 1,204 children were screened in this study, of which 154 excluded for 241 

failing the criteria, 1050 were enrolled, and 959 subjects completed the trial. The diagram 242 

depicts screening, enrollment, allocation of vaccine, and dose completion (Figure 1).  243 

 244 
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 245 

SAE: serious adverse event       246 

Fig. 1 Study profile: subject screening, enrollment, and progress through the study 247 

 248 

Demographic data of study participants by age groups are given in Table 1. In 3 to 6 249 

months old group, the mean age of infants was 4.12 months (range, 3.0 to 5.9 months), 250 

there were a total of 141 (56.4%) male and 109 (43.6%) female. There were no significant 251 

differences in mean age (p=0.61) or gender (p=0.67) among each sub-groups. In 6 to 12 252 

months old group, the mean age of children was 8.36 months (range, 6.0 to 11.9 months), 253 

177 (50.7%) male and 172 (49.3%) female. There were no significant differences in gender 254 
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(p=0.35) but showed differences in mean age (p=0.0005) among each sub-groups. In 1 to 5 255 

years old group, the mean age of children was 2.49 years (range, 1 to 5 years), with 204 256 

(45.7%) male and 242 (54.2%) female. There were no significant differences in mean age 257 

(p=0.66) or gender (p=0.22) among different vaccine cohorts.  258 

 259 

Table 1. Demographic Characteristics of the Participants 260 

3-6 months old half dose 

(N=100) 

full dose 

(N=100) 

Hib 

(N=50) 

  

Age at first vaccination — mo      

Mean(SD) 4.25 (0.92) 4.16 (0.91) 4.30 (0.86)   

Median 4.21 4.09 4.34   

Min, Max 3.0, 5.8 3.0, 5.9 3.1, 5.8   

Sex —no. (%)      

male 53 (53.00) 59 (59.00) 29 (58.00)   

female 47 (47.00) 41 (41.00) 21 (42.00)   

6-12 months old half dose 

(N=100) 

full dose 

(N=100) 

full dose without adjuvant 

(N=99) 

Hib 

 (N=50) 

 

Age at first vaccination — mo      

Mean(SD) 8.59 (1.83) 7.71 (1.66) 8.66 (1.92) 8.61 (1.90)  

Median 8.38 7.11 8.77 8.51  

Min, Max 6.0, 11.9 6.0, 11.8 6.0, 11.9 6.0, 11.9  

Sex —no. (%)      

male 44 (44.00) 50 (50.00) 55 (55.56) 28 (56.00)  

famale 56 (56.00) 50 (50.00) 44 (44.44) 22 (44.00)  

1-5 years old half dose 

(N=100) 

full dose 

(N=98) 

full dose without adjuvant 

(N=99) 

Hib 

 (N=50) 

2 doses 

(N=99) 

Age at first vaccination — yr      

Mean(SD) 2.97 (1.3) 3.01 (1.3) 3.12 (1.2) 2.83 (1.1) 2.82 (1.5) 

Median 2.91 2.83 3.21 2.78 2.84 

Min, Max 1.0, 5.6 1.0, 5.6 1.1, 5.9 1.1, 5.8 1.1, 5.6 

Sex —no. (%)      

male 44 (44.00) 37 (37.76) 54 (54.55) 23 (46.00) 46 (46.46) 

female 56 (56.00) 61 (62.24) 45 (45.45) 27 (54.00) 53 (53.54) 

           SD: standard deviation 261 

3.2. Adverse Reactions 262 

No serious adverse reactions related to vaccines were noted. Fever accounted for the 263 

majority of adverse reactions (Fig. 2A).  264 

For children age 3 to 6 months, a total of 123 (49.2%) of 250 recipients had at least 265 

one adverse reaction in all injections, among them, 48 (48%) in half dose group, 50 (50%) 266 

in full dose group and 25 (50%) in Hib group. There was no statistical difference in the 267 

incidence rate between groups by Fisher exact test (p=0.96).  268 

In the children age 6-12 months, 171 (49.0%) of 349 recipients had at least one ad-269 

verse reaction of all injections, among them, 56 (55.5%) in half dose group, 47 (47.0%) in 270 

full dose group, 42 (42.4%) in full dose without adjuvant group and 26 (52.0%) in Hib 271 
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group. There was no statistical difference in the incidence rate between groups by Fisher 272 

exact test (p=0.29). 273 

In the children age 1-5 years, 118 (26.5%) of 446 recipients had at least one adverse 274 

reaction of all injections, among them, 29 (29.0%) in half dose group, 19 (19.4%) in full 275 

dose, 23(23.2%) in full dose without adjuvant, and 17 (34.0%) in Hib group and 30 (30.3%) 276 

in full dose 2 injection group. There was no statistical difference in the incidence rate 277 

between groups by Fisher exact test (p=0.22). 278 

The adverse reactions also followed and compared after each injection (Fig. 2B).  279 

Similar adverse reaction rates were observed at each injection in all 3 age groups, the 280 

majority of adverse reactions were fever. 281 

 282 
 283 

Fig 2.  Incidence rate (%) of adverse reactions related to vaccination reported within 30 days after any injections, (A) Combined incidence rate according 284 
to ages. Blue bars indicate mild/moderate reactions and orange for grade 3 reactions. There is no statistical significance within the same age group receiving any 285 
type or number of vaccine injections, or between any age groups (p>0.5). (B) Comparison of the rate (%) of adverse reactions according to the number of injections 286 
and vaccine types. Blue bars indicate fever incidences and oranges for other adverse reactions. There is no statistical significance in the incidence rate between: 287 
number of injections within the same age group, with or without adjuvant, full or half dosages (p> 0.1)  288 

 289 

3.3.Immunogenicity 290 

There were detectable pre-vaccination antibodies to both S. flexneri 2a and S. sonnei 291 

LPS across the age groups (Fig. 3). The antibody titers decreased as the age increases and 292 

the difference between age groups were statistically significant (age 3 to 6 months vs 6 to 293 

12 months or 1 to 5 years; p<0.001; 6 to 12 months vs 1 to 5 years; p<0.002). This 294 

pre-existing LPS antibodies declined faster with age for S. sonnei (all p<0.0001).  295 

 296 
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       297 
Fig. 3 Pre-vaccination GMC anti-LPS IgG in all participants 298 

A.  S. flexneri 2a antibody levels at day 0;  B  S. sonnei antibody levels at day 0 299 

  300 

3.3.1. 3-6 months old (Table 2)  301 

 Thirty days after the 3rd injection, more than half of the infants received ZF0901 302 

showed a 4-fold seroconversion in both serotypes (57.7% for S. flexnari 2a and 60.7% for S. 303 

sonnei), and the conversion rates were significantly higher than the Hib control group 304 

(p<0.0001).  There was no difference in seroconversion rate between groups receiving 305 

full or half doses of ZF0901 (p=0.89 for S. flexneri 2a; p=0.07 for S. sonnei).  306 

GMC of serum anti-LPS IgG after 3 injections showed ZG0901 induced significantly 307 

higher response to both serotypes compared with their respective pre-immune levels 308 

(for S. flexnari 2a half dose, 3.68 vs 0.45, or full dose 2.85 vs 0.48, p<0.0001; for S. sonnei 309 

half dose, 5.67 vs 0.43, or full dose 3.23 vs 0.60, p<0.0001) or group received Hib 310 

(p<0.0001). When comparing the dosage effect, there was no statistically significant dif-311 

ference between groups received full or half dose for S. flexneri 2a (3.68 vs 2.85, p=0.24).  312 

However, for S. sonnei the group received half dose responded with higher GMC anti-313 

bodies than those received the full dose (5.67 vs 3.23, p=0.01).  314 

 315 

Table 2  Serum anti-LPS IgG levels in children age 3-6 months old vaccinated with half or full dose of the trial vaccine ZF0901 316 

3-6 months old  half dose (n=91) full dose (n=77) Hib (n=46) 

S. flexneri 2a     

 Conversion rate (%)  58.24 (47.43, 68.50) 57.14 (45.35, 68.37) 4.35 (0.53, 14.84) 

Con (EU/ml) Pre- 0.45 (0.34, 0.59) 0.48 (0.35, 0.65) 0.52 (0.36, 0.74) 

 Post- 3.68 (2.65, 5.10) 2.85 (2.19, 3.70) 0.23 (0.16, 0.33) 

 Fold rise 8.26 (4.96, 13.73) 5.99 (3.67, 9.76) 0.45 (0.33, 0.62) 

S. Sonnei     

 Conversion rate (%)  67.03 (56.39, 76.53) 53.25 (41.52, 64.71) 4.35 (0.53, 14.84) 

Con (EU/ml) Pre- 0.43 (0.33, 0.57) 0.60 (0.43, 0.83) 0.58 (0.40, 0.84) 

    Post- 5.67 (4.17, 7.73) 3.23 (2.37, 4.41) 0.25 (0.18, 0.34) 

 Fold rise 13.18 (7.78, 22.34) 5.38 (3.02, 9.61) 0.42 (0.31, 0.59) 

 317 

3.3.2. 6-12 months old (Table 3) 318 

More than half of the children in this age group received ZF0901 responded with 319 

4-fold seroconversion to S. flexneri 2a (64.9%) and S. sonnei (86.4%) after 2 injections, and 320 

the seroconversion rates were significantly higher than those in the Hib control 321 

(p<0.0001).  The comparison between groups vaccinated with ZF0901 (half or full dose, 322 

or vaccine without adjuvant) showed no statistically significant difference in serocon-323 

version rate across groups (all p>0.4). 324 

The levels of serum GMC anti-LPS IgG in children injected with ZF0901 were sig-325 

nificantly higher than those in pre-vaccination or the Hib group (p<0.001). There were no 326 

significant differences in GMC between the groups receiving full or half dose with the 327 
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half dose group responded slightly higher: for S. flexneri 2a, half vs full, 4.26 vs 3.08, 328 

p=0.17; for S. sonnei, 6.85 vs 5.63, p=0.32. When comparing the antibody response in 329 

group injected with ZF0901 containing no adjuvant, it is noticeable that this group had 330 

lower antibody levels than groups with adjuvant. Comparing the adjuvant effect in 331 

serotype S. flexneri 2a: half & full without adjuvant, 4.26 vs 2.59, p=0.06; full & full with-332 

out adjuvant, 3.08 vs 2.59, p=0.52. Similar trend was found for S. sonnei (half & full 333 

without adjuvant, 6.85 vs 6.01, p=0.49; full & full without adjuvant 5.63 vs 6.01, p=0.75).  334 

  335 

Table 3.  Immunological response for children aged 6-12 months old with different vaccines 336 

6-12 months old  half dose (n=83) full dose (n=84) full dose without adjuvant (n=75) Hib (n=38) 

S. flexneri 2a      

 Conversion rate (%)  66.27 (55.05, 76.28) 64.29 (53.08, 74.45) 64.00 (52.09, 74.77) 15.79(6.02, 31.25) 

Con (EU/ml) Pre- 0.36 (0.27, 0.48) 0.30 (0.24, 0.39) 0.30 (0.23, 0.40) 0.29 (0.18, 0.46) 

 Post- 4.26 (3.07, 5.91) 3.08 (2.22, 4.28) 2.59 (1.69, 3.97) 0.42 (0.28, 0.65) 

 Fold rise 11.83 (7.99, 17.52) 10.15 (6.97, 14.77) 8.52 (5.61, 12.94) 1.48 (1.09, 2.00) 

S. Sonnei      

 Conversion rate (%)  89.16 (80.41, 94.92) 84.52 (74.99, 91.49) 85.33 (75.27, 92.44) 10.53 (2.94, 24.80) 

Con (EU/ml) Pre- 0.19 (0.14, 0.24) 0.23 (0.17, 0.30) 0.22 (0.17, 0.30) 0.16 (0.11, 0.24) 

    Post- 6.85 (5.28, 8.89) 5.63 (4.22, 7.50) 6.01 (4.57, 7.90) 0.20 (0.15, 0.27) 

 Fold rise 36.47 (24.13, 55.11) 24.64 (15.96, 38.04) 27.02 (17.63, 41.42) 1.25 (0.94, 1.66) 

 337 

3.3.3. 1 to 5 years old  (Table 4) 338 

Most of the ZF0901 recipients showed 4-fold seroconversion after vaccination (89.4% 339 

for S. flexneri 2a, 95.5% for S. sonnei) and the conversion rates were significantly higher 340 

than the control Hib group (p<0.0001). The rates were similar among vaccine groups: in 341 

difference dosages, with or without adjuvant (S. flexneri 2a: half & full p=0.09; half & full 342 

without adjuvant p=0.96; full & full without adjuvant p=0.10, S. sonnei: half & full, p=1.00; 343 

half & full without adjuvant, p=1.00; full & full without adjuvant, p=1.00). 344 

For both S. flexneri 2a and S. sonnei, the GMC anti-LPS IgG levels in all ZF0901 345 

groups were significantly higher than the levels in pre-vaccination or Hib group 346 

(p<0.0001). There was a dosage effect in antibody response for S. flexneri 2a, the group 347 

receiving full dose elicited significantly higher antibodies than the half dose group (8.06 348 

vs 4.64, p=0.03). In contrast, the dosage effect was not obvious for S. sonnei (full vs half, 349 

9.06 vs 7.59, p=0.47). The effect of alum adjuvant was also distinctive between the two 350 

serotypes. The S. flexneri 2a antibody concentration was much higher in the group in-351 

jected with vaccine containing adjuvant compared with the group without (8.06 vs 5.10, 352 

p=0.04), however the effect was reversed for S. sonnei (with adjuvant vs without, 9.06 vs 353 

16.64, p=0.02).  354 

We included a separate cohort to evaluate the effect of additional injection given 30 355 

days after the first. The GMC anti-LPS IgG were higher in recipients after the second in-356 

jection (for S. flexneri 2a, 17.03 vs 8.06, p=0.0006; S. Sonnei, 13.5 vs 9.06, p=0.10), but the 357 

4-fold conversion rates compared with single injection group were not statistically sig-358 

nificant (for S. flexneri 2a, p=0.46; S. Sonnei, p=0.72 ). 359 

 360 

Table 4.  Immunological response for children aged 1-5 years old with different vaccines & regimens 361 

1-5 years old  half dose 

(n=100) 

full dose (n=96) full dose without 

adjuvant (n=95) 

Hib (n=50) 2 doses (n=86) 

S. flexneri 2a       
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 Conversion rate (%) 85.00 (76.47, 

91.35) 

92.71 (85.55, 

97.02) 

85.26 (76.51, 91.70) 4.00 (0.49, 

13.71) 

95.35 (88.52, 

98.72) 

Con (EU/ml) Pre- 0.18 (0.13, 0.25) 0.23 (0.17, 0.32) 0.24 (0.17, 0.33) 0.28 (0.18, 

0.42) 

0.25 (0.18, 0.34) 

 Post- 4.64 (3.17, 6.82) 8.06 (5.84, 11.13) 5.10 (3.81, 6.83) 0.33 (0.20, 

0.54) 

17.03 (13.04, 

22.24) 

 Fold rise 25.75 (18.11, 

36.63) 

35.04 (25.83, 

47.53) 

21.50 (15.58, 29.67) 1.20 (0.88, 

1.64) 

68.15 (47.87, 

97.02) 

S. Sonnei       

 Conversion rate (%) 

PPS 

95.00 (88.72, 

98.36) 

94.79 (88.26, 

98.29) 

95.79 (89.57, 98.84) 6.00 (1.25, 

16.55) 

96.51 (90.14, 

99.27) 

Con (EU/ml) Pre- 0.09 (0.07, 0.11) 0.08 (0.06, 0.10) 0.11 (0.08, 0.14) 0.09 (0.07, 

0.13) 

0.09 (0.07, 0.12) 

    Post- 7.59 (5.49, 

10.50) 

9.06 (6.28, 13.09) 16.64 (11.34, 24.42) 0.15 (0.10, 

0.22) 

13.52 (10.01, 

18.26) 

 Fold rise 85.99 (59.79, 

123.68) 

112.06 (76.16, 

164.87) 

158.03 (102.69, 

243.22) 

1.55 (1.22, 

1.96) 

146.01 (103.11, 

206.74) 

 362 

3.3.4. Antibody response in all 3 age groups 363 

We compared the immune response across all 3 age groups following the designated 364 

immunization dosage and schedule (Fig. 4). The GMC anti-LPS IgG levels for both S. 365 

flexneri 2a and S. sonnei showed an age-dependent response. The specific IgG level was 366 

greater in children 1 to 5 years comparing with other age groups, especially in children 367 

immunized with full dose. In groups received full dose with adjuvant, statistical differ-368 

ences could be seen between 1 to 5 years group and the younger groups (for S. flexneri 369 

2a, 3-6 mo vs 1-5 yr, p<0.0001, 6-12 mo vs 1-5 yr, p=0.03; S. Sonnei, 3-6 mo vs 1-5 yr, 370 

p=0.001, 6-12 mo vs 1-5 yr, p=0.005). Comparing groups received full dose without adju-371 

vant, the GMC anti-LPS IgG were also higher in 1 to 5 years children than younger 372 

groups, but was only significant for S. Sonnei ( p<0.0001). 373 

   374 
Fig. 4.  Composite chart of GMC anti-LPS IgG. (A) S. flexneri 2a (B) S. sonnei 375 

 376 

4. Discussion 377 

There appears to be a strong correlation between the level of serum lipopolysaccha-378 

ride (LPS)-specific IgG antibodies and serotype-specific immunity against shigella [12]. 379 

In the current pipeline of vaccine development, a number of O-antigen based conjugate 380 

vaccines were in clinical trials and showed promising immunity against the disease, in-381 

cluding: bioconjugate vaccine [26,27], synthetic vaccine [28] and detoxified LPS conjugate 382 
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vaccines [29-31]. We designed a bivalent conjugate vaccine ZF0901 to elicit high levels of 383 

long-lived serum IgG O-SP antibodies to both S. flexenri 2a and S. sonnei that is suitable 384 

for routine immunization. 385 

This study showed that ZF0901 was safe and immunogenic against both serotypes in 386 

neonatal and young children. There were no serious adverse reactions in all recipients of 387 

conjugate vaccine ZF0901 independent of age, number of injections or the adjuvant sta-388 

tus. Fever was the most common side reaction in all age groups, over all 35.8% vs 41.3% 389 

(p>0.2) in vaccinated participants and the Hib controls.  The rate of fever was similar in all 390 

groups independent of the adjuvant status or number of injections.  In all 3 age 391 

groups the overall incidence rate of diarrhoea, nausea/vomiting and dyspho-392 

ria/irritability were 3.7%, 1.9%, and 1.8% in vaccine groups and were not different from 393 

the Hib control.  The unsolicited ADRs with incidence rates of 0.4% in ZF0901 vaccinees 394 

and were not statistically different from Hib control. 395 

ZF0901 vaccine elicited statistically significant rise of type specific antibodies 396 

against S. flexneri 2a and S. sonnei  30 days post-immunization in all vaccine groups. More 397 

than 50% of the recipients had >4-fold seroconversion in all age groups regardless of 398 

dosage or number of injections. There was no significant dosage effect observed.  There 399 

seems to be an indication that the effect of alum adjuvant on immune response is oppo-400 

site in 6-12 months old group and in 1-5 years old group, but the differences were not 401 

statistically significant. 402 

We have found that the pre-immune sera contained pre-existing S. flexenri 2a and S. 403 

sonnei IgG antibodies in all ages and the titers declined as the age increased, as observed 404 

commonly in many other infectious diseases [32-34].  This observation indicated that 405 

mothers located in this endemic region probably had been exposed to shigella and in 406 

term passively transferred shigella IgG antibodies to neonates and thus most subjects in 407 

the study were not immunologically naive. Of course, this exposure is random, resulting 408 

in a much diverse in antibody level and a relatively high SD value. If following the the-409 

ory that serum Shigella antibody levels may constitute a surrogate for an as yet unchar-410 

acterized mechanistic intestinal protective response, then it could also explain the epi-411 

demiology finding that the highest incidence rate of shigellosis in GuangXi is between 1 412 

to 5 years old children as the maternal antibodies waned [35,36]. We also noticed that 413 

there seems to be a “reversed” dosage effect in the younger groups, namely the half-dose 414 

infants responded with slightly higher GMT than those received the full dose. We have 415 

no satisfactory explanation except that it could possibly be due to the interference of se-416 

roconversion by maternal antibodies or immune tolerance in young infants [37]. 417 

There are several limitations of this study. The evaluation of ZF0901 immune re-418 

sponse was based on the analysis of serum anti-LPS IgG and we did not perform other 419 

immunological analysis such as IgA isotype gut-homing anti-LPS antibody-secreting 420 

cells or other cellular immunities. The rational of focusing on serum IgG was adopted 421 

from the well-established evidence of licensed polysaccharide vaccines (e.g., Hib , 422 

pneumococcal and typhoid conjugate vaccines) that the critical correlation of disease 423 

protection is the level of serum IgG elicited by the vaccine.  We only compared the anti-424 

body levels between pre-immune and 30 days after the final injection.  We did not follow 425 

longitudinal immune response which may be of interests, especially for children under 1 426 

year old received multiple injections.  The reason we focused on these two time points 427 

was again coming from experience of licensed polysaccharide vaccines that polysaccha-428 

ride antibodies approached a decent level only after the final booster shots (three time for 429 

younger and 2 times for older infants).  We plan to collect and analyze serum samples in 430 

a later date to gather additional information on antibody persistency. Lastly, since the 431 

purpose of this study was on Shigella immunity, we therefore did not analyze TT anti-432 

body levels. 433 

 434 

Conclusion    435 
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Bivalent Shigella conjugate vaccine ZF0901 showed to be safe and immunogenic in 436 

infants and young children. This locally manufactured vaccine candidate, following the 437 

precedent example of Vi typhoid vaccine, could potentially reduce the burden of diar-438 

rhea diseases in China and other high endemic regions [38]. The acceptable safety profile 439 

supports the vaccine candidate moving forward to vaccine efficacy trial，the immuno-440 

logical results for evaluating vaccine dosing and regimens provide guidance for next 441 

step clinical design.  442 
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