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Prevention of Haemophilus influenzae Type b Infections in Apache and Navajo 
Children 

Mathuram Santosham, Beth Rivin, Mark Wolff, 
Raymond Reid, Wendy Newcomer, G. William Letson, 
Janne Almeido-Hill, Claudette Thompson, 
and George R. Siber 

Center for American Indian and Alaskan Native Health, Department of 
International Health, and Division of Pediatric Infectious Disease, 

Department of Pediatrics, Johns Hopkins University School of Hygiene 
and Public Health and School of Medicine, Baltimore, Maryland; 

Division of Infectious Diseases, Dana-Farber Cancer Institute, 
Harvard Medical School, and Massachusetts Public Health 

Biologic Laboratories, Boston 

Prospective surveillance of Haemophilus influenzae type b (Hib) disease has been done since 
1981 in two high-risk populations, White Mountain Apaches and Navajos. The attack rate in 
children ̂  years of age is 5-10 times higher than in the general US population. Three vaccines 
were evaluated. Unconjugated Hib capsular polysaccharide produced lower antibody responses 
in 18- and 24-month-old Apache infants than in white infants. HbOC (Hib oligosaccharide 
covalently linked to the nontoxic mutant diphtheria toxin CRM197) produced low antibody re- 
sponses in Navajo infants after one or two doses but induced responses similar to those in whites 
after three doses. The responses of 18-month-old Navajos to HbOC were lower than those of 
whites, but most achieved protective levels. PRP-OMP (Hib capsular polysaccharide linked to 
the outer membrane protein complex of Neisseria meningitidis) produced good immune re- 
sponses in 2-month-old Navajo and Apache infants after a single dose. This vaccine was ̂ 007o 
efficacious in protecting Navajo infants from Hib disease when given at 2 and 4 months of age. 
Even a single dose achieved a high protective efficacy. 

The incidence of Haemophilus influenzae type b (Hib) dis- 
ease has been documented to be 5-10 times higher in Navajo 
and Alaskan natives than in the general US population [1- 
6]. We have identified another high-risk group, the White 
Mountain Apaches in Arizona [7]. In the past 10 years, we 
confirmed the high rates of Hib disease in Navajo and 

Apache children, evaluated their antibody responses to a 

pure polysaccharide vaccine and two conjugate vaccines, 
and demonstrated the protective efficacy of one conjugate 
vaccine in Navajo infants. 

Epidemiology of Hib Disease in Apaches and Navajos 

We retrospectively reviewed Hib meningitis at the White 
Mountain Apache Reservation from January 1973 to De- 
cember 1981 [7] and then maintained a prospective surveil- 
lance of Hib meningitis from October 1981 to December 
1982. The attack rates in children ̂  years of age were 134- 
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692/100,000, which was 5-10 times higher than the attack 
rate in the general US population. About 40% of cases oc- 
curred before 6 months of age in Apache infants. 

Before routine administration of Hib vaccines on the Na- 
vajo Reservation, the incidence of invasive Hib diseases in 
children ̂  years of age was 214/100,000 [3] and the inci- 
dence of meningitis was 152-173/100,000 [3, 4]. These 
rates are ~ 10-fold higher than rates in the general US popu- 
lation during the same period. Between July 1988 and May 
1990, more than half of the cases occurred before 9 months 
of age (figure 1) and ~30^ before 6 months. 

Immunogenicity of Hib Vaccines 

Capsular polysaccharide. We compared the antibody re- 
sponses to Hib capsular polysaccharide (PRP) vaccine in 

healthy Apache and white children. [8] Total concentrations 
of antibody to PRP 1 month after immunization with PRP 
were ~10 times lower in 24-month-old Apache children 
than in white children of similar age (table 1). IgG, IgM, and 

IgA antibodies were all lower in Apache children. 
Hib oligosaccharide-mutant diphtheria toxin conjugate. 

We randomly assigned 2-month-old Navajo infants to one of 
three groups. The controls were not immunized against Hib 

(n = 25); one group received Hib oligosaccharide conjugated 
to nontoxic mutant diphtheria toxin CRM,^ (HbOC [Hib- 
TITER]; Praxis Biologies, Rochester, NY) at 2, 4, and 6 
months of age (n = 26); and another group received HbOC 
at the same ages and also received hyperimmune globulin 
(bacterial polysaccharide immune globulin [BPIG]; Massa- 
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freq. freq! pct. 
?' 

. Table 2. Antibody responses to Haemophilus influenzae type b 

^1 capsular polysaccharide of 2- , 4- , and 6-month-old Navajo infants <=30 
^" 

2 2 1'44 1*44 
immunized with HbOC alone or in combination with hyperim- 

60<-90 |H 2 4 1.44 2.88 mUHC globulin. 

90<-120 I^H^H^^^H .. . , 
f^l^l^? Geometric mean % with concentration 

i2o<-i5o I^II^^^HHj 23 Group, concentration 
^^^^^^^^^^^^^^H age (months) (/-tg/ml) ^0.15 /ug/ml > 1 Mg/ml 

i8o<-2io |HH^^H|HHH si Control 25) 

240<-270 ̂̂ ^^^^^^^^^H ^'^ ^^ ^ 

^^^^^^^^ 7 0.11 42 4 
27o<-3oo ̂̂ ^^^^^^^^H 12 0.075 21 0 

3oo<.33o taBj^iHiH ii ioo HbOC alone (? = 26) 

^^^^^^^? 0.19 12 
330<-360 ̂̂ ^^^^^^^^H 110 0.12 

^^^^^^^ 6 1.28* 88* 58* 
360<-390 ^^^^^^H 6 116 4.32 83.45 

^^^? 
7 10.5* 100* 92* 

390<-420 ̂̂ ^^^H 5 121 3.60 87.05 12 1.43* 96* 70* 
^^^^ HbOC + BPIG (n = 24) 

420<-450 ^^H 3 124 2.16 89.21 ^ - , - as a 
p^i^M 2 U. lo 46 o 

450<-480^H|H| 6 130 4 0.76t 100t 33* 

^^^^ 6 1.53* 83? 58* 
480<-510 

p|^J 
6 136 4.32 97.84 7 g^* j ̂  33* 

510<-540 ^^^ 3 139 2.16 100.0 1 ̂  Z'-L'u ^ /J 

1 ' I -' 1 ? 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 

0 2 4 6 8 10 12 14 16 is NOTE. HbOC, H. influenzae type b oligosaccharide covalently linked 
frequency to nontoxic mutant diphtheria toxin CRM,97; BPIG, bacterial polysaccha- 

Figure 1. Cases of Haemophilus influenzae type b disease on the 

Navajo Reservation in children up to 18 months of age, 1 July 
1988-31 May 1990. 

ride immune globulin. Data are from [9] (used with permission). * P < .01 compared with controls. 
1 P < .001 compared with group receiving HbOC alone. 
* P < .05 compared with group receiving HbOC alone. 
8 P < .05 compared with controls. 

chusetts Public Health Biologic Laboratories, Boston) at 2 
months of age (n = 24) [9]. 

Antibody responses to PRP are shown in table 2. Infants 
who received BPIG simultaneously with their first dose of 
HbOC at 2 months had significantly higher antibody con- 
centrations than did the other two groups at 4 months (P < 

Table 1. Total and immunoglobulin class antibodies to Haemo- 

philus influenzae type b capsular polysaccharide 1 month after im- 
munization of 24-month-old Apache and white children with poly- 
saccharide vaccine. 

Antibody 
Apache 
(i = 55) 

White 

(11-19) 

Total 0.29(0.23-0.37)* 3.61(1.52-8.56) .0001 

IgG 0.315(0.19-0.52) 1.320(0.41-4.28) .01 

IgM 0.130(0.08-0.21) 0.244(0.12-0.51) .165 

IgA 0.091 (0.06-0.14) 0.279 (0.09-0.83) .026 

NOTE. Antibody concentrations are geometric means (total [assessed 
by radioantigen binding assay], pg/ml; class, ELISA units X 10"3); 95% 
confidence intervals are in parentheses. P values were determined by t test. 
Data are from [8] (used with permission). * n = 94. 

.001). The antibody responses to the second and third injec- 
tions of HbOC were similar in the groups that received 
HbOC alone and HbOC plus BPIG. 

One infant who received HbOC alone developed Hib men- 
ingitis at age 3 months, 6 weeks after his first immunization. 
The antibody concentration before immunization was 0.18 
fig/ml and 1 month after onset of disease was undetectable. 
He did not generate an antibody response to the first dose or 
to natural infection but developed antibody concentrations 
of 0.33 and 1.56 fig/ml after the second and third doses, 
respectively. The patient's antibody response was the fourth 
lowest of those receiving HbOC alone. 

Because a large proportion of Hib disease occurs before 
age 6 months in Navajo infants, we concluded that HbOC 
alone would not be optimal prophylaxis in this population or 
others with similar epidemiology of Hib disease. 

Next, we compared the antibody responses to HbOC of 
Navajo and white children. 

Anti-PRP antibody responses to a single dose of HbOC at 
18 months were significantly lower in Navajo than in white 
children (4.1 vs. 29 fig/ml; P < .001) (figure 2). IgG, IgM, 
and IgA class antibodies were all lower (P < .05 for all) 
(table 3). 
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Navajo Caucasian 

Pre-immunlzatlon Antibody, iig/ml 

Figure 2. Concentrations of anti- 
bodies to Haemophilus influenzae type 
b (Hib) capsular polysaccharide in 18- 
month-old Navajo and white children 
before and after immunization with 
Hib oligosaccharide-mutant diphthe- 
ria toxin conjugate. 

After two doses of HbOC given with DTP (diphtheria and 
tetanus toxoids and pertussis vaccine) at 2 and 4 months, 
Navajo infants had significantly lower total anti-PRP anti- 

body concentrations than did whites (0.90 vs. 7.6 fig/ml; P < 
.001) (table 4). In contrast, anti-tetanus toxoid antibody 
concentrations after two doses of tetanus toxoid were similar 
in Navajo and white 6-month-olds (4.21 vs. 4.95 X 10"3 
ELISA units/ml). At 7 months of age, after a third dose of 
HbOC, Navajo infants had concentrations of antibody to 
PRP similar to those of whites (9.2 vs. 17 fig/ml; not signifi- 
cant). 

Although it appears that Navajo children were less respon- 
sive than white children to HbOC, two factors may have 
contributed to the differences observed. First, the experimen- 
tal lots of HbOC may have differed in immunogenicity. A 

variety of investigational lots of HbOC (lots 5, 8, 9, 10, 11, 
and 12) were used. We detected no significant lot-to-lot varia- 
tion in immunogenicity among them [9], but the power to 
detect differences was limited. 

Second, Navajo children typically received their first im- 
munization at 6 weeks of age, whereas whites received theirs 
at 2-3 months of age. To examine the effect of this age differ- 
ence, we evaluated a second cohort of 20 white children who 
had all received their first immunization before 60 days of 
age (table 4). The responses of the Navajo infants to two 

Table 3. Antibody responses to Haemophilus influenzae type b 

capsular polysaccharide after immunization with HbOC in 18- 
month-old children. 

Antibody 
Navajo 

(17=18) 

White 

(/i- 18) 

IgG 
IgM 
IgA 

3.11 (1.24-7.78) 
1.43(0.75-2.71) 
0.71 (0.27-1.85) 

15.8(6.87-36.3) 
3.20(1.88-5.44) 
2.26(1.13-4.52) 

^01 
^05 
^05 

NOTE. HbOC, H. influenzae type b oligosaccharide covalently linked 
to nontoxic mutant diphtheria toxin CRMI97; antibody concentrations are 
geometric means in ELISA units X 10~3; 95% confidence intervals are in 
parentheses. 

doses of HbOC remained lower than those of the age- 
matched whites (0.90 vs. 3.16 fig/ml; P < .05). 

Our studies suggest that Navajo children may be signifi- 
cantly less responsive than white children to PRP, even 
when this antigen is presented as a covalent conjugate with a 
protein carrier. However, definitive comparison awaits a 
study using the same vaccine lot. Despite their delayed re- 
sponse, Navajo infants had antibody responses after three 
doses of HbOC that were similar to responses of whites and 
at levels associated with protection from Hib disease. 

PRP-outer membrane protein conjugate. The safety and 
immunogenicity of a conjugate vaccine composed of PRP 
linked to the outer membrane protein complex of Neisseria 
meningitidis (PRP-OMP [PedvaxHIB]; Merck Sharp Sc 
Dohme, West Point, PA) was evaluated in Apache and Na- 
vajo children [10]. When 42 children were first vaccinated at 
12-60 months of age with PRP-OMP, 1007o attained levels 
of antibody to PRP ̂ 1.0 fig/ml, with a geometric mean of 
15.57 fig/ml (95% confidence interval [CI], 10.8-22.4) 4 
weeks postvaccination [10]. 

Table 4. Antibody responses to Haemophilus influenzae type b 
capsular polysaccharide after immunization with HbOC in Navajo 
and white infants. 

Group, Geometric mean concentration after 
mean age 
(days) at 2-month 4-month 6-month 7-month 
first dose n dose dose dose dose 

Navajo, 45 17 0.27 0.14 0.90 9.24 
(0.10-0.73) (0.07-0.27) (0.39-2.1) (4.4-19.0) 

White, 81 18 0.17 0.24 7.55 17.3 
(0.06-0.49) (0.13-0.46) (4.0-14.0)* (11.0-28.0)+ 

White, 52 20 0.16 0.16 3.16 6.81 
(0.06-0.36) (0.08-0.32) (1.3-7.9)* (3.0-16.0) 

NOTE. HbOC, H. influenzae type b oligosaccharide covalently linked 
to nontoxic mutant diphtheria toxin CRM197; antibody concentrations (in 
jig/ml) were determined by radioactive antigen binding; 95^ confidence 
intervals are in parentheses. Compared with Navajo infants, P = * .0005; 
\ 134; 1044. 

Post-immunization 

Antibody 

M-g/ml 
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Table 5. Antibody responses to Haemophilus influenzae type b 
capsular polysaccharide after immunization of infants 6-8 weeks 
old with PRP-OMP. 

%with 
concentration 

Antibody 
Group, sample n concentration >0.15 > 1 

Apache 
Prevaccination 27 0.26(0.17-0.41) 59.3 11.1 
2 months after dose 1 28 1.69(1.14-2.5) 100 67.9 
1 month after dose 2 27 2.59(1.52-4.40) 100 66.7 
8 months after dose 2 26 0.49(0.29-0.83) 69.2 23.1 

Navajo 
Prevaccination 63 0.22(0.18-0.28) 54.0 7.9 
2 months after dose 1 64 2.53 (1.80-3.54) 96.9 68.7 
1 month after dose 2 61 2.75 (1.95-3.88) 98.4 75.4 
8 months after dose 2 28 0.53(0.31-0.93) 71.4 28.6 
1 month after dose 3 27 8.38(4.86-14.46) 100 88.9 

NOTE. PRP-OMP, H. influenzae type b capsular polysaccharide linked 
to outer membrane protein complex of Neisseria meningitidis. Antibody 
concentrations (^g/ml, measured by radioactive antigen binding) are geo- 
metric means; 95^ confidence intervals are in parentheses. Dose 1 was given 
at 2 months of age, dose 2 at 4 months, and dose 3 (booster) at 12-15 
months). Data are from [10] (used with permission). 

Antibody responses were evaluated in 92 infants (64 Na- 

vajo and 28 Apache) who received PRP-OMP at 6-8 weeks 
and 4 months concurrently with DTP and oral poliovirus 
vaccine (OPV) and a booster at 12-15 months. After the first 

dose, almost 100^ developed antibodies to PRP ^.15 fig/ 
ml and 68^ developed antibodies > 1.0 fig/ml. The geomet- 
ric mean concentrations and the proportions reaching 0.15 
and 1.0 fig/ml increased only minimally with the second 
dose at 4 months. Eight months after the second dose, the 
mean concentrations decreased to 0.49 and 0.53 fig/ml, re- 

spectively in Apaches and Navajos. However, 1 month after 
a booster dose, they increased to ^ fig/ml, and almost 9f)?c 
of children had M fig/ml (table 5). 

We also evaluated the immune responses in Navajo and 

Apache infants to lower doses of PRP-OMP at 2, 4, and 6 
months of age. The standard dose contains 15 fig of PRP 

covalently coupled to 250 fig of OMP complex absorbed at 
the time of use to 0.5 ml of aluminum hydroxide diluent 

containing 225 fig of aluminum. The dose-response studies 
were done by diluting lyophilized PRP-OMP with larger vol- 
umes of diluent (1.4 ml, 2.1 ml, and 3.3 ml) to give PRP- 
OMP doses containing 7.5, 5.0, and 3.2 fig of PRP, respec- 
tively. Thus, the amount of PRP-OMP was reduced but the 
amount of aluminum hydroxide was kept constant. 

Navajo infants were administered 1.5-fig doses only, but 

Apache infants were randomized to doses of 7.5, 5.0, and 3.2 

fig. The proportion of infants responding with antibodies 
:^. 15 fig and > 1.0 fig/ml and the geometric mean concen- 
trations were not significantly different between the groups 

receiving 1.5-fig doses (table 6) and standard doses (15 fig) 
(table 5). We tested Apache children receiving nonstandard 
doses for a dose-response effect by evaluating the proportion 
achieving 1.0 fig of antibody after the first dose of vaccine. 
As determined by logistic regression, the effect was signifi- 
cant (P = .03) after the first but not after the second and 
third doses. 

Efficacy of PRP-OMP in Navajo Infants 

Since PRP-OMP elicited levels of antibody to PRP predic- 
tive of sustained protection (^1 fig/ml) in ~ 70*^ of Navajo 
infants aged 6-8 weeks, we evaluated the efficacy of PRP- 
OMP in preventing Hib disease in this population [11]. 

Navajo infants were randomized to receive PRP-OMP or 
lactose placebo (2 mg) between 42 and 90 days of age. The 
second injection of vaccine or placebo was given between 70 
and 146 days, at least 28 days after the first injection. Infants 
who received the second dose after 146 days were excluded 
from the "strict protocol" efficacy analysis. However, they 
were part of the "intent-to-treat" analysis. 

DTP and OPV were administered simultaneously with 
PRP-OMP or placebo. Before April 1990, the Indian Health 

Table 6. Antibody responses to Haemophilus influenzae type b 
capsular polysaccharide after vaccination with various doses of 
PRP-OMP in Apache and Navajo infants. 

% with 
concentration 

Antibody 
Group (dose), sample n concentration >0.15 > 1 

Navajo (7.5 jug) 
Prevaccination 59 0.14 37 5 
2 months after dose 1 94 3.19 100 81 
2 months after dose 2 10 5.89 100 100 

Apache (7.5 /ug) 
Prevaccination 26 0.09 54 4 
2 months after dose 1 26 1.81 100 73 
2 months after dose 2 23 3.11 91 82 
1 month after dose 3 21 2.83 86 76 

Apache (5.0 /ig) 
Prevaccination 23 0.18 48 9 
2 months after dose 1 22 1.55 96 64 
2 months after dose 2 23 3.09 96 78 
1 month after dose 3 21 4.99 100 86 

Apache (3.2 jtig) 
Prevaccination 28 0.12 36 4 
2 months after dose 1 27 1.08 100 44 
2 months after dose 2 26 3.45 100 65 
1 month after dose 3 20 3.96 95 85 

NOTE. PRP-OMP, H. influenzae type b capsular polysaccharide linked 
to outer membrane protein complex of Neisseria meningitidis. Antibody 
concentrations (/ug/ml) are geometric means. Dose 1 was given at 2 months 
of age, dose 2 at 4 months, and dose 3 at 6 months of age. 
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Table 7. Antibody responses to Haemophilus influenzae type b 

capsular polysaccharide in infants vaccinated with PRP-OMP. 

% with 
concen- 
tration 

Mean age Antibody 
Group, sample n (months) concentration <0.15 <1 

Vaccine 
Prevaccination 982 1.8 0.16 45 10 
After dose 1 879 4.2 0.97 90 51 
After dose 2 735 6.3 1.35 91 59 

Follow-up 1 331 11.7 0.40 76 24 

Follow-up 2 108 17.7 0.40 69 24 
Placebo 

Prevaccination 991 1.8 0.16 44 8 
After dose 1 905 4.2 0.09 19 1 
After dose 2 735 6.3 0.08 13 1 

Follow-up 1 336 11.8 0.10 24 4 

Follow-up 2 113 17.7 0.11 29 6 

NOTE. PRP-OMP, H. influenzae type b capsular polysaccharide linked 
to outer membrane protein complex of Neisseria meningitidis. Antibody 
concentrations (^ig/ml, measured by radioactive antigen binding) are geo- 
metric means. Dose 1 was given at 2 months of age and dose 2 at 4 months; 
follow-up 1 was at 12 months and follow-up 2 at 15-18 months, before 
booster dose. After vaccination, antibody concentrations were always signifi- 
cantly higher in vaccine group than in placebo {P < .001). 

Service routinely administered one of the licensed conjugate 
vaccines, PRP-D (a diphtheria toxoid conjugate [ProHIBiT]; 
Connaught Laboratories, Swiftwater, PA), at 18 months of 

age. After April 1990, when the recommendations were re- 
vised by the American Academy of Pediatrics and the Immu- 
nization Practices Advisory Committee, either PRP-D or 
HbOC was given at 15 months of age. 

Methods for serology, microbiology, monitoring of safety 
and adverse reactions, and data analysis have been described 
previously [11]. 

Enrollment. From 1 July 1988 to 2 August 1990, ~907o 
of the 9038 births at our study sites were available for recruit- 
ment. We could not obtain permission to follow the other 
10^. Therefore, few data were collected on those who re- 
fused to participate. Among them, the male-to-female ratio 
did not differ significantly from that among participants. Of 
the 5190 who were enrolled and received vaccine (n = 2588) 
or placebo (n = 2602), 4161 (80%) received the second dose 
of vaccine (n = 2056) or placebo (n = 2105). There were no 

statistically significant differences between groups in the 
male-to-female ratio, mean age, ethnic background, number 
of doses of vaccine or placebo received, interval between 
doses, or length of follow-up. 

Adverse reactions. There were eight deaths in each group. 
Seizures occurred in nine infants in the vaccine group and 
seven in the placebo group. Neither seizures nor deaths were 
clustered by time after immunization. No serious adverse re- 
actions were attributed to the vaccine [11]. 

Antibody response to PRP. Of the infants, 517c and 59% 
had antibody levels > 1 fig after the first and second doses of 
vaccine, respectively (table 7). The geometric mean concen- 
tration 2 months after the second dose was 1.35 fig/ml; 5 
months later it dropped to 0.40 fig/ml. 

We evaluated lot-to-lot variability in antibody responses 
to the vaccine (table 8). Geometric mean concentrations dif- 
fered significantly between lots after dose 1 and dose 2. Dif- 
ferences were no longer evident on follow-up at 12 or 15-18 
months of age. The magnitude of the differences was small 
and probably not clinically significant. 

Incidence of invasive Hib disease. Incidence rates of Hib 
disease were analyzed up to 15 and 18 months of age to 
reflect the change in Indian Health Service vaccination pol- 
icy. At 15 or 18 months of age, Navajo babies received the 
regularly scheduled Hib vaccination and were no longer con- 
sidered to be at risk for purposes of the analysis. 

As shown in table 9, when all enrollees were included, the 
intent-to-treat analysis of cases before 18 months yielded 1 
case in the vaccine and 22 in the placebo group (Z* < .001; 
point estimate of efficacy [PEE], 957c; CI, 72%-99%). Includ- 

Table 8. Antibody responses to Haemophilus influenzae type b 
capsular polysaccharide in infants vaccinated with different lots of 
PRP-OMP. 

% with 
concentration 

Antibody 
Lot, sample n concentration >0.15 > 1 

CP298 
Prevaccination 210 0.16(0.13-0.18) 44 9 
Afterdosel 174 1.27(1.02-1.57) 92 57 
After dose 2 144 1.69(1.31-2.17) 92 66 
Follow-up 1 79 0.42 (0.33-0.55) 84 22 
Follow-up 2 24 0.25(0.15-0.43) 63 13 

CP749 
Prevaccination 668 0.16(0.15-0.18) 45 10 
Afterdosel 614 0.87(0.77-0.97) 89 49 
After dose 2 516 1.23(1.08-1.40) 91 56 
Follow-up 1 221 0.39(0.32-0.48) 74 23 

Follow-up 2 71 0.47(0.33-0.68) 73 27 
CR132 

Prevaccination 103 0.19(0.15-0.23) 53 10 
Afterdosel 92 1.18(0.87-1.61) 91 57 
After dose 2 72 1.64(1.12-2.40) 92 65 

Follow-up 1 30 0.39 (0.24-0.63) 77 33 

Follow-up 2 13 0.33(0.14-0.76) 62 31 

NOTE. PRP-OMP, H. influenzae type b capsular polysaccharide linked 
to outer membrane protein complex of Neisseria meningitidis. Antibody 
concentrations (/xg/ml, measured by radioactive antigen binding) are geo- 
metric means; 95^ confidence intervals are in parentheses. Dose 1 was given 
at 2 months of age and dose 2 at 4 months; follow-up 1 was at 12 months 
and follow-up 2 at 15-18 months, before booster dose, lvalues, determined 
by analysis of variance by lot, were as follows: prevaccination, .439; after 
dose 1, .003; after dose 2, .042; follow-up 1, .918; follow-up 2, .196. 
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Table 9. Protective efficacy of Haemophilus influenzae type b 

(Hib) capsular polysaccharide conjugate vaccine (linked to outer 
membrane protein complex of Neisseria meningitidis) in Navajo 
infants. 

No. cases of Hib Point 95% confi- 
disease/no. in estimate dence interval 

group of 

Analysis, efficacy One- Two- 

parameter Vaccine Placebo (%) P sided* sided 

Intent-to-treat 
After ̂  1 dose, 

cases before 
18 months 1/2588 22/2602 95 -cOOl 77 72-99 
15 months 0/2588 21/2602 100 ^001 85 81-100 

Cases before 
second dose 0/2588 8/2602 100 .005 55 41-100 

After 2 doses, 
cases before 

18 months 1/2056 14/2105 93 ^001 61 53-98 
15 months 0/2056 13/2105 100 ^001 74 67-100 

Strict protocol 
After 2 doses, 

cases before 
18 months 1/1913 14/1929 93 ^001 61 53-98 
15 months 0/1913 13/1929 100 ^001 74 67-100 

Cases before 
second dose 0/2451 6/2430 100 .014 35 15-100 

NOTE. Infants who received second dose of vaccine after age specified 
in protocol were included only in intent-to-treat analysis. Data are from [11] 
(used with permission). * Lower limit. 

ing only children receiving two doses, there was 1 case in the 
vaccine (n = 2056) and 14 in the placebo group (n = 2105) 
(P < .001; PEE, 937c; CI, 537o-987o). 

When the intent-to-treat analysis was modified to include 

only cases occurring before 15 months there were no cases in 
the vaccine and 21 in the placebo group (P < .001; PEE, 
100%; CI, 8^-100^). When analysis was restricted to chil- 
dren receiving two doses there were no cases in the vaccine 
and 13 in the placebo group (P < .001; PEE, 100^; CI, 67^- 
10096). 

After the first dose but before the second, no cases oc- 
curred in the vaccine group but 8 occurred in the placebo 
group (P = .005; PEE, 1007c; CI, 417o-1007o). Two were in 
children who had passed the protocol date for their second 
dose. 

The one case of Hib disease (osteomyelitis) in a vaccine 

recipient was at 15^2 months of age, 368 days after the sec- 
ond immunization. Levels of antibody to PRP were k0. 125 

fig/ml before first vaccination, 2.86 fig/ml just before second 
vaccination, 1.49 fig/ml 2 months after second vaccination, 
0.14 fig/ml at 1 year of age, and 1.35 fig/ml 42 days after 
infection. Among the 22 cases of invasive Hib disease in the 

placebo group, 13 (59^) were meningitis. 

At the end of the trial, all placebo recipients that could 
be located (527c, 1347) were given at least one dose of 
PRP-OMP. 

We have continued our surveillance of the entire popula- 
tion on the Navajo Reservation. One additional case of Hib 
disease occurred in a child who received PRP-OMP in the 
study at 6 weeks and did not receive a second dose. Hib 
cellulitis was diagnosed at 7 months of age. 

Discussion 

Over the past 10 years, we have confirmed the high rates of 
Hib disease documented 18 years ago in Navajo infants [4] 
and have documented high rates of Hib disease in the 
Apache population. In the early 1980s, when Hib vaccines 
immunogenic in young infants were not available, we evalu- 
ated the safety and efficacy of passive immunization with 
BPIG to prevent Hib disease among Apaches [12]. BPIG was 
^0!3d efficacious when administered every 4 months during 
infancy. Studies of BPIG are summarized elsewhere in this 
issue [13]. 

Although hyperimmune globulin was efficacious in this 
population, its routine use was not feasible over a long time 
because of its relatively high cost and the need for repeated 
injections. Therefore, we evaluated antibody responses to 
several Hib vaccines in these populations. 

Initial studies with unconjugated PRP vaccine demon- 
strated that the immune responses of Apache children were 
impaired compared to those of whites [8]. Subsequently, we 
demonstrated that Navajo children may also have lower im- 
mune responses to one of the conjugate vaccines (HbOC) 
compared with those of white children. 

We noted that 6-week-old Navajo infants did not respond 
to one dose of HbOC. After the second and third doses, 58^ 
and 92^ of infants had antibody concentrations > 1 fig/ml, 
respectively. In contrast, 68% of Navajo infants 2 months old 
had concentrations > 1 fig/ml after a single dose of PRP- 
OMP. Since 307c-407c of cases of Hib disease in this popula- 
tion occur before 6 months of age, we conducted an efficacy 
trial using PRP-OMP. 

In a preliminary dose-response study, we reconstituted ly- 
ophilized PRP-OMP with larger volumes of aluminum hy- 
droxide adjuvant than the standard formulation. Infants thus 
received the standard dose (containing 15 ̂ g of PRP) or 50^, 
33*^, or 25*1) of this dose absorbed to a constant amount of 

adjuvant. No significant differences in the geometric mean 

antibody responses were noted, although the proportion of 
children achieving 1 fig of antibody/ml declined with in- 

creasing doses (P = .03). It may be possible to reduce the 
dose of PRP-OMP without reducing serologic responses. 
However, before this can be recommended routinely, larger 
studies must be done to show that the proportion of nonre- 
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sponders is not increased with lower doses and to confirm 
that other populations have similar dose responses. 

In the efficacy trial, a standard dose of PRP-OMP was 

given at 2 and 4 months of age. The efficacy of PRP-OMP 
was estimated to be 93^ after two doses and 100% between 
the first and second dose. 

Two concerns have been raised about the PRP-OMP effi- 

cacy study. First, can data generated in a population such as 
the Navajos be extrapolated to the general US population? 
Indeed, another Hib conjugate vaccine, PRP-D, was esti- 
mated to have ̂ 0*^ efficacy in Finnish infants [14, 15], but 
its efficacy in an Alaskan native population was only 35^ 

[16]. Since Apache and Navajo infants have lower responses 
than whites to the unconjugated PRP vaccine [8] and may 
have lower responses to conjugate vaccines, the demonstra- 
tion of efficacy of PRP-OMP in the Apache and Navajo popu- 
lations is a rigorous test. One would expect high levels of 

efficacy in the general US population, in which vaccinees are 

likely to achieve higher serum anticapsular antibody re- 

sponses to Hib vaccines than occur in Navajo and Apache 
populations. 

Another concern about PRP-OMP is the three- to fivefold 

drop in antibody levels between 5 months (1 month after the 
second dose) and 15-18 months of age. Will cases occur in 
12- to 18-month-old infants who do not receive a booster 
dose at 12 months of age? 

The concentration of antibody to PRP that correlates with 
protection from Hib disease is still debated. The values 

thought to be predictive of protection are based on limited 
data. A concentration ̂ 0.15 fig/ml was estimated to be pro- 
tective in agammaglobulinemia patients receiving immune 

globulin prophylaxis [17]. The concentration postulated to 
be protective against Hib disease, ̂ 1.0 fig/ml, was based on 
a large field trial in Finland with unconjugated PRP vaccine 
[18], a T cell-independent antigen. In that trial, 75% of 18- 
to 23-month-olds and 90*30 of 24-month-old children 
achieved antibody levels ̂  1.0 fig/ml. The protective efficacy 
was calculated to be 90*^ in these groups. In the Navajo PRP- 
OMP vaccine efficacy trial, 97c of infants did not achieve 
levels ̂ . 15 fig/ml and 417c did not achieve levels > 1.0 fig/ 
ml at 6 months of age. Nevertheless, the vaccine was >90% 
efficacious in preventing disease up to 18 months of age. It 

may be that the concentrations of antibody required for pro- 
tection after immunization with T cell-independent anti- 
gens are higher than the concentrations required for protec- 
tion after a T cell-dependent antigen, such as the Hib 

conjugate vaccines. 
The one case of Hib disease in the vaccine group was in an 

infant who had an antibody level of 2.86 fig/ml 2 months 
after the first dose of vaccine and 1.49 fig/ml 2 months after 
the second dose but only 0.14 fig/ml at 12 months of age (3V2 
months before disease). 

Recently, HbOC has been shown to provide protection 

after three doses in an open trial in California [19]. HbOC 
had high levels of efficacy after three doses and possibly after 
two doses. However, breakthrough cases of Hib disease oc- 
curred after a single dose. HbOC does not induce an anti- 
body response after the first dose in most infants [20]. 

The reasons for the differences between these two conju- 
gate vaccines are not well understood. HbOC appears to 
present PRP only as a T cell-dependent antigen. Conse- 
quently, T cell priming to the mutant diphtheria toxin pro- 
tein carrier must occur before an antibody response is pro- 
duced, usually with the second dose. A strong booster 
response is induced with the third dose [20]. 

In contrast, PRP-OMP appears to have properties of both 
a T cell-dependent and a T cell-independent antigen. The T 
cell-dependent nature of the vaccine is suggested by booster 
responses observed in many infants after the second dose 
[10] and in 18-month-old children who received a primary 
series of PRP-OMP during infancy [21]. Stein [22] suggested 
that PRP-OMP also produces direct proliferation of murine 
lymphocytes and may directly stimulate B cells as described 
for type 1 T cell-independent antigens. Alternatively, the 
outer membrane proteins or lipopolysaccharide contained in 
the OMP carrier may exert adjuvant effects by acting on T 
cells or macrophages [23]. 

Regardless of the mechanism of their action, both Hib 
conjugate vaccines licensed for use in infants have demon- 
strated a high level of clinical efficacy and promise to pro- 
duce a dramatic reduction in the incidence of invasive Hib 
disease. We suggest that the more rapid serologic response to 
PRP-OMP and its protective efficacy after a single dose at 2 
months offer an important advantage in populations with 
substantial rates of invasive Hib disease in young infants. 

Ultimately, the degree and duration of protection pro- 
vided by any of the licensed Hib conjugate vaccines in the 
general US population can be determined only by conduct- 
ing postmarketing surveys after widespread use. Neverthe- 
less, both PRP-OMP and HbOC have been licensed to immu- 
nize 2-month-old infants in the United States. Both have 
been shown to be >90% efficacious and have the potential to 
substantially reduce the morbidity and mortality of Hib dis- 
ease. 
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