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Abstract

Background

During late 2012 and early 2013 several outbreaks of diphthe-ria were notified in the North

of the Lao People’s Democratic Republic. The aim of this study was to determine whether

the re-emergence of this vaccine-preventable disease was due to insufficient vaccination

coverage or reduction of vaccine effectiveness within the affected regions.

Methods

A serosurvey was conducted in the Huaphan Province on a cluster sampling of 132 children

aged 12–59 months. Serum samples, socio-demographic data, nutri-tional status and vac-

cination history were collected when available. Anti-diphtheria and anti-tetanus IgG anti-

body levels were measured by ELISA.

Results

Overall, 63.6% of participants had detectable diphtheria antibodies and 71.2% tetanus anti-

bodies. Factors independently associated with non-vaccination against diphtheria were

the distance from the health centre (OR: 6.35 [95% CI: 1.4–28.8], p = 0.01), the Lao Theung

ethnicity (OR: 12.2 [95% CI:1,74–85, 4], p = 0.01) and the lack of advice on vac-cination

given at birth (OR: 9.8 [95% CI: 1.5–63.8], (p = 0.01) while the level of maternal edu-cation

was a protective factor (OR: 0.08 [95% CI: 0.008–0.81], p = 0.03). Most respondents

claimed financial difficulties as the main reason for non-vaccination. Out of 55 children

whose vaccination certificates stated that they were given all 3 doses of diphtheria-contain-

ing vaccine, 83.6% had diphtheria antibodies and 92.7% had tetanus antibodies. Further-

more, despite a high prevalence of stunted and underweight children (53% and 25.8%,

respectively), the low levels of anti-diphtheria antibodies were not correlated to the nutrition-

al status.
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Conclusions

Our data highlight a significant deficit in both the vaccination coverage and diphtheria vac-

cine effectiveness within the Huaphan Province. Technical defi-ciencies in the methods of

storage and distribution of vaccines as well as unreliability of vac-cination cards are dis-

cussed. Several hypotheses are advanced to explain such a decline in immunity against

diphtheria and recommendations are provided to prevent future outbreaks.

Introduction
Lao People’s Democratic Republic (PDR) is a land-locked country in Southeast Asia. In 2011
the population was 6.2 million, with an under 5 mortality rate of 73 out of 1000 live births [1].

The Expanded Programme on Immunization (EPI) was introduced into the country in
1979 and aims to administer core vaccinations free of charge to all children under the age of
12 months, as recommended by the World Health Organization (WHO) (Table 1). It is mainly
funded by several external donors including UNICEF, GAVI and others. Mobile outreach units
have a remit to deliver vaccination services to villages four times per year. However, these ser-
vices are facing challenges of funding, human resources and logistics. Therefore, EPI coverage
in Lao PDR remains inadequate, mainly due to lack of resources and inaccessibility of remote
populations. Data for the whole country from 2010–2011 show that approximately 78% of chil-
dren receive all 3 doses of Diphtheria, Tetanus and Pertussis containing combination vaccine
(DTP3) during the first year of life, with a large variability between different regions (100% in
Vientiane Capital vs 60% in Borikhamxay) [1].

Due to the variable thermolability of vaccines, a break in the cold chain may lead to loss of
potency [2]. In addition, some vaccinated individuals may have reduced response to vaccines,
e.g. due to immune deficiencies, nutritional status and tolerance induced by maternal antibod-
ies [3–6]. Importantly, malnutrition in Lao children is among the highest in the region [7,8].
Therefore, in addition to ensuring high vaccine coverage within populations and monitoring
disease, it is important to assess the effectiveness of the vaccines following immunization.

Between October and mid-December 2012, the National Centre for Laboratory and Epide-
miology (NCLE) reported 93 suspected cases of diphtheria, including 6 deaths, from the Xam-
tai and Huameuang districts, Huaphan province. Age distribution was specified for 24
suspected cases (29.2% under 4 years, 41.7% between 4 and 9 years, 20.8% between 10 and

Table 1. Expanded Programme on Immunization schedule, Lao PDR.

Age Vaccines

Birth BCG, HepB0

6 weeks DTP-Hib-HepB1, OPV1

10 weeks DTP-Hib-HepB2, OPV2

14 weeks DTP-Hib-HepB3, OPV3*

9–23 months Measles/Rubella**

BCG: Bacillus Calmette-Guérin; DTP: Diphtheria, Tetanus, Pertussis; Hib: Haemophilus influenzae b;

HepB: Hepatitis B; OPV: oral polio vaccine

* Pentavalent vaccine (HepB included since October 2009).

**Rubella included since 2012.

doi:10.1371/journal.pone.0121749.t001
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14 years, 8.3% older than 14 years). Further outbreaks occurred in other provinces and contin-
ued in 2013 (about 29 suspected cases in Huaphan and 20 more nationwide in 2013). Such re-
emergence of a serious but vaccine- preventable disease could be due either to poor vaccination
coverage or low effectiveness of the vaccines used.

The aim of this study was to evaluate the vaccine coverage and the post-vaccination immu-
nity in children from two rural districts in Huaphan Province which reported most cases dur-
ing the recent outbreaks.

Methods

Study type
A cross-sectional study was conducted in two districts of Huaphan Province using a cluster
sampling approach. The Huaphan Province is situated in the northeast of Lao PDR and bor-
ders Vietnam to the north, east and southeast (20.3333°N 103.833°E). The two districts tar-
geted were Xamtai and Kuan, both located in the south of the province (Fig 1). District Xamtai
was chosen because it is where the diphtheria outbreak began. District Kuan was chosen

Fig 1. Study location site. The study area is outlined in black and indicated with an arrow. Map courtesy of
the Swiss Agency for Cooperation and Development [11].

doi:10.1371/journal.pone.0121749.g001
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because it was a single district with Xamtai until June 2012 and therefore the children of the
two districts had been vaccinated by the same vaccination team of Xamtai hospital. According
to the Lao PDR census of 2005 [9], the total number of children aged 12–59 months in these
two districts was 9758. In order to get a fairly accurate estimate, the theoretical sample size was
calculated to be 370, for a confidence level of 95% and a confidence interval of 0.05, using the
software OpenEpi [10]. The survey targeted 30 clusters of 13 people, i.e 390 people, leaving a
margin in case of refusal to participate in the survey. Twenty-six villages (14 in the district of
Xamtai and 12 in the district of Kuan) were randomly selected regardless of the district. Of
these 26 villages, 13 were located within less than 100 minutes from the nearest health centre
(12 in Xamtai and one in Kuan), using the most rapid means of transportation, i.e. by motor-
bike in the dry season [9]. The study was approved by the Laos National Ethics Committee
(reference 2013–732).

Study population
The objectives of the survey were explained to the villagers. Children aged 12 to 59 months
whose parents or guardians were able to answer the questionnaire and give a written consent
were recruited. The questionnaire included multiple choice questions distributed into four
parts: demographic data, immunization status of the child, reasons for any non-vaccination
and the use of health services [S1 Questionnaire]. When available, vaccination records in the
form of “yellow cards” were used to determine the immunization status, in addition to parental
recall. Acute malnutrition was determined by weight/height ratio and Middle Upper left Arm
Circumference (MUAC)< -2 z-scores. Stunted and underweight participants were identified
by height/age ratio< -2 z-scores and weight/age ratio< -2 z-scores, respectively [8].

Serology
Sera were decanted on site and kept at 4°C for a maximum of 7 days, as recommended by the
ELISA manufacturers until shipment by air to Vientiane capital, where they were stored at
-80°C. Anti-diphtheria and anti-tetanus antibodies were measured with commercial ELISA
kits (Verion/Serion, Germany and Euroimmun, Germany, respectively). According to the
manufacturers' recommendations, anti-diphtheria antibody levels less than 0.1 international
unit per milliliter (IU/ml) were considered negative or minimally protective, those between
0.1 to 1.0 IU/ml offered safe protection and those greater than 1.0 IU/ml gave long-term pro-
tection. For tetanus, antibody levels less than 0.1IU/ml were considered negative or uncertain,
those between 0.1IU/ml and 0.5IU/ml indicated short-term protection, between 0.5IU/ml and
1.0IU/ml medium protection (booster required after 3 years) and above 1.0IU/ml long-
term protection.

Statistical analysis
Data collected were entered into a Microsoft Access database and analyzed using Stata Version
11.1 software. Qualitative variables were expressed as percentages with 95% confidence inter-
vals (95% CI) and compared by Chi-square test or Fisher's exact test as appropriate. Quantita-
tive variables were expressed as mean ± standard deviations (SD) and compared by t-tests or
MannWhitney according to the data characteristics. Factors associated with incomplete vacci-
nation or no vaccination were analyzed by calculating the crude odds ratios (cOR) with 95%
CI. Each independent variable with a p value� 0.25 in bivariate analysis was included in multi-
variate analysis. Logistics step down was then performed from the initial regression model: all
non-significant variables were removed from the original model in order of their significance.
In the final model, only the factors independently associated with incomplete vaccination or
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no vaccination were retained. Results of bivariate and multivariate analyses were combined in
the same table. For all statistical analyses the significance level was set at 5% (p<0.05).

Results

Socio-demographic characteristics of children
Of the 26 villages initially selected, only 22 could be visited due to logistical constraints, 10 lo-
cated more and 12 located less than 100 minutes travel time from the next health centre. Fur-
thermore, out of 415 parents informed about the study, only 132 gave consent for their child’s
enrollment. The main reason given for non-participation was fear that the blood sampling
would make their child ill. No further information was taken from those who did not wish to
participate. Participants belonged to three main ethnic groups: Lao Loum/lowland Lao
(59.8%), Lao Soung/ highland Lao (27.3%) and Lao Theung/slope-dweller (12.9%). Children
were aged from 12 to 59 months (mean 38.7 ± 13.6 months) and 54.5% were male. The majori-
ty (62.1%) lived in villages located within 100 minutes from the nearest health facility. Most
were born at home without medical assistance, especially in the remote villages>100 minutes
from the health centres (98.0% vs. 78.0%; p = 0.002). Most fathers (89.3%) and mothers
(97.7%) were farmers. There was no difference between remote and close villages in terms of
parental educational level, ethnicity, or monthly income that did not exceed US $ 62 for 82% of
households (Table 2). Respondents were either animist (73.5%) or buddhist (26.5%), with a
higher percentage of animists in the less remote villages (84.2% vs. 56.0%, p<0.001).

Immunization status of children
Based on vaccination certificates, so called “yellow cards” (n = 66) or, if not available, on pa-
rents’ responses (n = 66), the rates of immunization coverage with DTP-containing vaccine
were 85.6% for the first dose, 69.7% for the second dose, and only 59.8% for the third dose.
Children of villages close to health centres were more often fully vaccinated against BCG, DTP,
polio and measles than those of remote villages (61% vs. 42%, p = 0.03; Fig 2).

The vaccination coverage rates for each of the three DTP injections were significantly higher
in children whose vaccination status was known from the yellow card than among children
without card (p<0.0001, Table 3).

Serological status of children
Diphtheria antibodies were detected in 84 out of the 132 children (63.6%) including 58 (43.9%)
with a titer greater than 1 IU/ml, corresponding to long-term protection. The prevalence of
these protective antibodies was higher among children in villages close to health centers than
for children in remote villages (75.6% versus 44%, p<0.001; Fig 3).

Tetanus antibodies were detected in 94 children (71.2%) including 76 (57.6%) with long-
term protection. Again, the prevalence of these antibodies was higher in the villages close to
health centers than in remote villages (78.1% vs. 60%; p = 0.02; Fig 3).

Out of the 55 children who received the 3 doses of DTP-Hib vaccine as evidenced by their
yellow card, 46 (83.6%) and 51 (92.7%) reacted positively for diphtheria and tetanus antibodies,
respectively (Table 4).

Factors affecting incomplete vaccination or non-vaccination of children
All the 61 parents in charge of partially vaccinated or unvaccinated children agreed to answer
questions about the factors impacting adherence to EPI. In multivariate analysis, ethnicity was
the only factor independently associated with partial immunization (Table 5): Lao Loum
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children were better vaccinated than Lao Soung (p = 0.03) and Lao Theung children (p = 0.04).
For the 15 children (11.4%) who received no vaccine (Table 6), three factors were independent-
ly associated with the absence of vaccination: the distance from home to the health centre (OR:
6.35 [95% CI: 1.4–28.8], p = 0.01), the Lao Theung ethnicity (OR: 12.2 [95% CI: 1,74–85, 4],
p = 0.01) and the lack of advice on vaccination given at birth (OR: 9.8 [95% CI: 1.5–63.8],

Table 2. Socio-demographic characteristics of children.

Variables Total (N = 132) Village < 100 minutes (N = 82) Village > 100 minutes (N = 50) p

Age (months)

Minimum 12.6 13.0 12.6

Maximum 60.0 60.0 59.9

Mean±SD 38.7±13.6 38.7±12.8 38.7±15.0 NS

Gender N (%)

Male 72 (54.5) 44 (53.7) 28 (56.0) NS

Place of birth N (%)

Home 113.0 (85.6) 64.0 (78.0) 49.0 (98.0)

District hospital 18.0 (13.6) 17.0 (20.8) 1.0 (2.0)

Provincial hospital 1 (0.1) 1 (1.2) 0 0.002

Ethnic group N (%)

Laoloum 79 (59.8) 43 (52.4) 36 (72)

Laosoung 36 (27.3) 28 (34.2) 8 (16)

Laotheung 17 (12.9) 11 (13.4) 6 (12) NS

Religion N (%)

Buddhist 35 (26.5) 13 (15.8) 22 (44.0)

Animist 97 (73.5) 69 (84.2) 28 (56.0) <0.001

Father’s educational level N (%)

Illiterate 24 (18.3) 14 (17.1) 10 (20.5)

Primary 76 (58) 47 (57.3) 29 (59.2)

Secondary 25 (19.1) 17 (20.7) 8 (16.3) NS*

Mother’s educational level N (%)

Illiterate 69 (52.3) 42 (51.2) 27 (54)

Primary 50 (37.9) 29 (35.4) 21 (42)

Secondary 13 (9.8) 11 (13.4) 2 (4) NS

Father’s occupation N (%)

Civil servant 11 (08.4) 09 (11) 2 (4.1)

Farmer 117 (89.3) 71 (86.6) 46 (93.9)

Worker 3 (02.3) 02 (2.4) 1 (2) NS

Mother’s occupation N (%)

Tradeswoman 1 (0.76) 0 1 (2)

Farmer 129 (97.7) 81 (98.8) 48 (96)

Worker 1 (0.76) 0 1 (2) NS

Monthly income (LAK)** N (%)

< 100 000 16 (12.1) 7 (8.5) 9 (18)

100 000–300 000 74 (56.1) 48 (58.6) 26 (52)

300 000–500 000 24 (18.2) 16 (19.5) 8 (16)

> 500 000 18 (13.6) 11 (13.4) 7 (14) NS

*NS = not significant (p � 0.05)

**Lao kips (8000 LAK worth one US dollar).

doi:10.1371/journal.pone.0121749.t002
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p = 0.01) while the level of maternal education was the only protective factor (OR: 0.08 [95%
CI: 0.008–0.81], p = 0.03).

Lack of money was the main reason for non-vaccination advanced by responders (63.9%).
Difficulties to get their children vaccinated in the absence of mobile team were claimed by
78.1% of people in villages near health centers vs 48.3% of people in remote villages. Other rea-
sons given for non-vaccination were ignorance of where children could be immunized, the per-
ception of worthlessness and the fear of vaccine side effects.

Fig 2. Near and remote village vaccination history according to yellow cards and interview (n = 132; mns =minutes; *p<0.05).

doi:10.1371/journal.pone.0121749.g002

Table 3. Vaccination status of children according to the source of information.

Vaccinations performed Total N = 132 (%) Vaccination card N = 66 (%) Parental recall N = 66 (%) p

BCG 116 (87.9) 65 (98.5) 51 (77.3) 0.2

HepB at birth 19 (14.4) 14 (21.2) 5 (7.6) 0.2

(DTP HepB +Hib +Polio) 1 113 (85.6) 66 (100) 47 (71.2) <0.0001

(DTP HepB +Hib +Polio) 1+2 92 (69.7) 57 (86.3) 35 (53.0) <0.0001

(DTP HepB+Hib+Polio) 1+2+3 79 (59.8) 55 (83.3) 24 (36.4) <0.0001

BCG: Bacillus Calmette-Guérin; HepB: Hepatitis B; DTP: Diphtheria, Tetanus, Pertussis; Hib: Haemophilus influenzae b.

doi:10.1371/journal.pone.0121749.t003
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Correlations between post-vaccine immunity and nutritional status
The prevalence of acute malnutrition estimated by weight/height ratio and upper left arm cir-
cumference was 3% and 9.1%, respectively. Fifty three percent of the children were stunted and
25.8% underweight without statistical difference between nearby and remote villages. No sig-
nificant association was found between post-vaccination antibody levels and nutritional indi-
ces, except a higher rate of tetanus antitoxins in underweight children (p = 0.01, Table 7).

Discussion
The occurrence of a diphtheria epidemic in the 21st century is an unacceptable event that
should draw the attention of public health services. Hence the main objective of this survey was
to assess the vaccine coverage and the prevalence of post-vaccinal diphtheria antibodies in the

Fig 3. Anti-diphtheria and anti-tetanus antibody seroprevalence in children from villages less than or greater than 100minutes travel from health
centres (n = 132; mns =minutes; *p = 0.02, **p<0.001).

doi:10.1371/journal.pone.0121749.g003

Table 4. Seroprevalence of diphtheria and tetanus antibodies according to the number of DTP vaccine doses (data from children who provided
vaccination records).

Vaccines listed Children with yellow cards N = 66
(%)

Children with anti-diphtheria antibodies N
(%)

Children with anti-tetanus antibodies N
(%)

DTP-HepB (1) 9 (13.6) 3 (33.3) 3 (33.3)

DTP-HepB (1+2) 2 (3.0) 2 (100) 2 (100)

DTP- HepB (1+2
+3)

55 (83.3) 46 (83.6) 51 (92.7)

DTP: Diphtheria, Tetanus, Pertussis; HepB: Hepatitis B.

doi:10.1371/journal.pone.0121749.t004
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child population of the Huaphan Province, Lao PDR, hit by a diphtheria outbreak in December
2012.

We observed that the overall rate of immunization coverage for three doses of DTP was
only 59.8%, which is well below the national target of 90% [11,12]. However, there was a major
difference between the rates observed in children whose yellow card could be shown (83.3%)
and children without yellow card (36.4%). This very low rate, only obtained from question-
naires, may reflect a bias of understanding or recall resulting in underestimation of the true
vaccination coverage. A similar difference was found in an Indian study with a vaccination
coverage rate significantly higher after analyzing vaccination cards than on the basis of parents
recall. However, their study found an overestimation of the coverage calculated from immuni-
zation cards due to multiple sources of registration, duplication of entries, lack of crosschecks,
possible errors in data collection and management and exaggerated coverage reports by local
health authorities [14].

A major determinant is the difficulty for mobile vaccination units to reach the target popu-
lations. Huaphan province is part of the mountainous regions where many villages are not

Table 5. Logistical regression; factors associated with incomplete vaccination of children.

Independent variables Bivariate analysis Multivariate analysis

Father's occupation cOR 95% CI p aOR 95% CI p

Civil servant (ref) - - - - - -

Farmer 2.61 [0.54–12.66] 0.23 0.55 [0.025–11.9] 0.7

Father's educational level

Illiterate (ref) - - - - - -

Primary 0.46 [0.18–1.17] 0.1 0.35 [0.11–1.05] 0.06

Secondary 0.47 [0.15–1.5] 0.2 0.62 [0.14–2.75] 0.5

Technical college 0.2 [0.02–1.98] 0.17 0.15 [0.003–7.53] 0.3

Mother's educational level

Illiterate (ref) - - - - - -

Primary 1.08 [0.51–2.29] 0.8 2.1 [0.83–5.37] 0.1

Secondary 0.32 [0.06–1.56] 0.16 1.8 [0.19–16.19] 0.6

Ethnic group

Laoloum (ref) - - - - - -

Laosoung 2.36 [1.03–5.41] 0.04 2.9 [1.06–7.85] 0.03

Laotheung 4.21 [1.42–12.55] 0.01 3.4 [1.02–11.29] 0.04

Religion

Buddhist (ref) - - - - - -

Animist 0.87 [0.39–1.95] 0.7 - - -

Time to reach the nearest health center (minutes)

<100 (ref) - - - - - -

>100 1.65 [0.79–3.43] 0.18 1.6 [0.67–3.77] 0.3

Sex of child

Male (ref) - - - - - -

Female 1.15 [0.56–2.37] 0.7 - - -

Advice on immunization received at birth

Yes (ref) - - - - - -

No 1.54 [0.73–3.23] 0.26 - - -

ref: reference; cOR: crude Odds ratio; aOR: adjusted Odds ratio; 95% CI: 95% confidence interval.

doi:10.1371/journal.pone.0121749.t005

Diphtheria Vaccination in Lao PDR

PLOSONE | DOI:10.1371/journal.pone.0121749 April 24, 2015 9 / 14



accessible by road during the rainy season. Thus, a recent supervision of EPI in Lao PDR rec-
ommended increasing the number of rounds to at least six per year in order to increase the vac-
cination coverage [13]. A nationwide study [13] and a study in Oudomxay [15] on the causes
of non-vaccination have both demonstrated a significant relationship with distance from the
nearest health care centre. Our study confirms the importance of the remoteness of villages
over 100 minutes from the health center as a key factor for non-vaccination. In addition, as
more than 90% of parents are farmers, their children often accompany them in the fields,
hence their absence during immunization campaigns. The main cause for non-immunization
or incomplete immunization of children was their difficulty to access to the healthcare centres.

Table 6. Logistical regression; factors associated with non-vaccination of children.

Independent variables Bivariate analysis Multivariate analysis

cOR 95% CI p aOR 95% CI p

Father’s educational level

Illiterate (ref) - - - - - -

Primary 0.85 [0.24–2.95] 0.7 - - -

Mother's educational level

Illiterate (ref) - - - - - -

Primary 0.08 [0.01–0.63] 0.01 0.08 [0.008–0.81] 0.03

Ethnic group

Laoloum (ref) - - - - - -

Laosoung 11 [2.2–54.9] 0.003 1.73 [0.23–13.18] 0.5

Laotheung 16 [2.8–92.2] 0.002 12.2 [1.74–85.4] 0.01

Religion

Buddhist (ref) - - - - - -

Animist 5.7 [0.72–45.3] 0.09 7.59 [0.36–159.7] 0.2

Time to reach the nearest health center (minutes)

<100 (ref) - - - - - -

>100 2.04 [0.69–6.02] 0.1 6.35 [1.4–28.8] 0.01

Sex of child

Male (ref) - - - - - -

Female 0.78 [0.26–2.32] 0.6 - - -

Advice on immunization received at birth

Yes (ref) - - - - - -

No 9.7 [2.6–36.8] 0.001 9.8 [1.5–63.8] 0.01

ref: reference; cOR: crude Odds ratio; aOR: adjusted Odds ratio; 95% CI: 95% confidence interval.

doi:10.1371/journal.pone.0121749.t006

Table 7. Seroprevalence of diphtheria and tetanus antibodies according the nutritional status of children.

Nutritional status Diphtheria antibodies Tetanus antibodies

yes = 84 no = 48 p yes = 94 no = 38 p

Malnutrition (W/H ratio < -2 z-scores) 4 (48) 0 NS 4 (4.3) 0 NS

Malnutrition (MUAC < -2 z-scores) 8 (9.5) 4 (8.3) NS 9 (9.6) 3 (7.9) NS

Stunting 48 (57.1) 22 (45.8) NS 54 (57.5) 16 (42.1) NS

Underweight 25 (29.8) 9 (18.8) NS 30 (31.9) 4 (10.5) 0.01

W/H ratio: weight-for-height ratio; MUAC: Middle Upper Arm Circumference.

doi:10.1371/journal.pone.0121749.t007
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This is why lack of money is often claimed by responders as a reason for non-vaccination. Al-
though vaccination is done for free, the cost of travel and the loss of a day's work represent a fi-
nancial handicap for these poor people. Other reasons most often cited were the perceived
uselessness of vaccines, the ignorance of where to be vaccinated and the fear of side effects.
These data corroborate the results of two recent studies regarding reasons for non-vaccination
in Lao PDR [12,16]. We must also consider the absence of advice given at birth as a factor inde-
pendently associated with non-vaccination of children, from the fact that 85.6% of births took
place at home. Multivariate analysis identified two additional factors inversely correlated with
the children’s immunization: the low level of maternal education and belonging to an ethnic
minority (Lao Soung and Lao Theung). The impact of education level of mothers on the vacci-
nation coverage of children has already been highlighted in many studies [17–20]. However,
belonging to an ethnic minority is less often cited. As in many developing countries, these
groups are often marginalized and do not have equitable access to health services [17–21].

How to explain such a low prevalence of post-vaccination antibodies? Protective concentra-
tions of diphtheria antitoxins were detected in only 63.6% of children tested. The most likely
reason is the poor DTP vaccination coverage found in this population. However, out of the 55
children who received three doses of DTP vaccine as evidenced by the yellow card, 83.6% had
protective antibodies against diphtheria and 92.7% against tetanus. Three hypotheses can be
advanced to explain such discrepancy: a poor quality of injected vaccines, a poor immune re-
sponse of children, or a lack of reliability of the yellow card.

Although unlikely, the possibility of bad batches of vaccine imported by the Ministry of
Health cannot be discounted and requires further investigation. In addition, several steps of
the supply chain in vaccination campaigns may compromise vaccine quality (conditions of
storage, cold chain breaks during transport, etc.) [22]. However, diphtheria and tetanus toxoids
are among the most stable vaccines and can be stored for several months at room temperature
and for several weeks at 37°C [23]. The currently used vaccine in Lao PDR is diphtheria–teta-
nus–whole cell pertussis–hepatitis B–Haemophilus influenzae type b (DTPw–HepB–Hib)
combination vaccine, supplied by Crucell/Berna Biotech. Although this vaccine is deemed
immunogenic when given in a timely manner [24], a recent study highlighted a low immuno-
genicity against hepatitis B in Senegalese children, with a low anti-diphtheria response signifi-
cantly associated with the lack of anti-HBs antibodies [25]. However, this study did not rule
out the possible role of malnutrition. Indeed, the possibility of an impaired immune response
to the vaccine should also be considered. It may be related to nutritional status, to the presence
of concurrent infections (viruses, intestinal parasites, etc.), or to immune tolerance due to the
persistence of maternal antibodies [6, 26–28]. The prevalence of stunting in Asia is high, relat-
ed to poor nutritional status and health care of mothers during pregnancy, resulting in intra-
uterine growth retardation and a low birth weight [29]. Notably, Lao PDR has one of the
highest rates of malnutrition in Southeast Asia [7]. Yet, despite a 53% rate of stunting in the
study population, we could not highlight a relationship between nutritional status and lack of
humoral response to vaccination. Finally, as mentioned above, the reliability of vaccination
cards must also be questioned and should be evaluated by an independent survey [13, 30, 31].

Notably, the prevalence of antibodies against tetanus was higher than against diphtheria.
This may reflect an unequal immunogenicity between the two toxoids. It is also possible that
the ELISA used to measure diphtheria antibodies had a sensitivity lower than that used for teta-
nus antibodies, as a recent study revealed a large variation between the tests according to the
manufacturer [32]. Further studies are warranted to investigate this observation.

Given the fragility of immunization coverage data obtained from questionnaires from pa-
rents’ recall, even in possession of a vaccination card, the main strength of this study is the de-
termination of protective antibodies elicited by vaccination. This is probably the most reliable
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method to assess the true protection conferred by diphtheria and tetanus toxoids. Serological
surveys can provide a valuable complement to immunization coverage surveys in low- and
middle-income countries [13, 30]. However, this study is limited by the small sample size and
the fact that many parents refused to participate. This attitude of distrust and fear with respect
to health officials is still common among people from ethnic minorities [33]. This can result in
a selection bias, but we can infer that the immunization coverage rates are likely lower among
families that have not given their consent.

The occurrence of a diphtheria epidemic in the Huaphan Province clearly reveals a serious
deficiency in immunization coverage of children under 5 years of age. Whether significant pro-
portions of children targeted by the EPI are not reached by mobile teams or the vaccines are
poorly preserved and used, or that the immunogenicity may have been low, remains to be de-
termined more precisely but the first two factors appear to be associated predominantly.

Conclusion
This study supports the findings of previous surveys conducted in Lao PDR leading to the fol-
lowing recommendations: strengthening health education for target populations, prioritization
of vaccination in the national health strategies, reinforcement of mobile teams in remote areas,
improving coordination with village leaders to reach all target children, strengthening of equip-
ment of all health centers (fridges, kerosene and/or gas), ensuring regular supply of vaccines,
cold chain management and adoption of temperature-monitoring technologies during storage
and transport of vaccines. With regard to ethnic minorities, an anthropological approach
should be implemented to take into account any cultural barriers to vaccination. The imple-
mentation of these recommendations should be a priority in the most remote provinces in
order to avoid the recurrence of outbreaks of deadly but vaccine preventable diseases in
children.
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